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everything jrom the input...out

Alpha Numeric Display Systems by Burroughs, designed around
new Alpha Numeric Nixie® Tubes, give you everything from the
input . . . out. These systems are adaptable to any kind of elec-
tronic information display requirements. System flexibility is en-
hanced by the use of standard highly reliable semi-conductor
modules. Standard packages include memory-driver modules, de-
coding and encoding devices, and associated control circuitry. The

Burroughs® display systems group is available for consultation
on your particular requirements. Write today for complete
information on Burroughs Alpha Numeric Display Systems.

CIRCLE 900 ON READER SERVICE CARD

modular concept facilitates custom design of display systems to
meet individual functional and physical specifications. Visual dis-
play is made particularly effective by unique tube characteristics
...unexcelled brightness and continuous line characters...which
provide exceptional readability. In addition, any one of a num-
ber of available character sizes may be incorporated in a system
to provide the best display for a given situation or application.

ANOTHER ELECTRONIC CONTRIBUTION BY

Burroughs ®Corporation

ELECTRONIC COMPONENTS DIVISION

PLAINFIELD. NEW JERSEY

“See us at the |.E.E.E. Show booths 1211-15"
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40 MC!

with your hp 175A Oscilloscope
and the new 1754A Plug-in Amplifier

® Rise time less than 9 nanoseconds
@ Positive triggering on any of 4 channels

® 1 mc switching rate for bright traces

Now view and compare four signals simultaneously on your hp
175A Oscilloscope with the new 1754A Four-Channel Amplifier
plug-in. Each channel has a bandwidth of 40 mc and a sensi-
tivity of 50 mv/cm. Independent position controls allow you to
superimpose waveforms for easy comparison on the large
6 x 10 crt of the 175A. The fast 9 nsec rise time and multi-
channel capability are ideal for measurements in logic circuits.

The 175A Scope can also be triggered by any one of the four
channels for fast and accurate time measurements. Switching
between channels can be at a free running rate of 1 mc or
alternately on successive sweeps. The high switching rate
assures a bright trace when viewing all channels.

Plus all the advantages of the hp 175A—the most advanced
scope of its kind: human-engineered front panel with fewer
controls; big 6 x 10 cm no-parallax crt; plug-in versatility with
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nine plug-ins available;
tunnel diode triggering
for easy operation; beam
finder; elimination of dis-
tributed amplifiers and
inclusion of a cable delay
line for minimum calibrat-
ing; easy maintenance.

Call your nearby hp field engineer for a demonstration in your
own lab and complete data on all the 175A plug-ins. Or write
HEWLETT-PACKARD, Palo Alto, California 94304, Telephone
(415) 326-7000; Europe: 54 Route des Acacias, Geneva;
Canada: 8270 Mayrand Street, Montreal.

hp 175A, $1325; hp 1754A Four-Channel Amplifier, $595

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

HEWLETT
PACKARD

Amn extra measure of quality
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ew Uiversal 00untes aileo Your Measurements:

A  MEASURE frequency: 0 to 300 kc, dc coupled; 10 cps to 300 kc, ac coupled (5223L)
0 to 2 mc, dc coupled; 10 cps to 2 mc, ac coupled (5233L)

A  MEASURE time interval, 10 usec to 107 sec
A MEASURE period, 0 to 100 kc

A  MEASURE period average: to 10¢ periods (5223L)
to 107 periods (5233L)

A MEASURE ratio, multiples of ratio

Refined A and B trigger level controls for precise positioning of trigger points

A Readout: 5 rectangular close-spaced Nixies (5223L)
6 rectangular close-spaced Nixies (5233L)

Input impedance of 1 megohm, sensitivity of 0.1 v rms

Time base stability: =2 parts in 10° per week (5223L)
+2 parts in 10’ per month (5233L)

High sampling rates (0.2 to 5 sec, variable), independent of gate time
Display storage, for continuous display

Automatic measurement unit, decimal display

BCD code output for systems, digital recorders

Self check in all function and multiplier positions

Operate —20° to 4+65° C

Small, compact, 314" high, 1634" wide, 1114" deep, only 19 Ibs.
Solid state construction, low power consumption, high reliability
Plug-in module construction for easy maintenance

Low cost: hp 5223L, $1450
hp 5233L, $1850

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

> >
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Call your nearby hp field engineer for a demonstration
in your own lab. Or write HEWLETT-PACKARD,
Palo Alto, California 94304,
Telephone (415) 3267000, HEWLETT :
Europe: 54 Route des Acacias, Geneva; oy ACKARD Amn extra measure of quality
Canada: 8270 Mayrand Street, Montreal.

®

The new 5223L 300 KC Counter and the 5233L 2 MC Counter for your instrumentation needs.

CIRCLE 2 ON READER SERVICE CARD Electronics | March 23, 1964



Page 4

10
15
17
39
107
132
134
137

March 23, 1964

Volume 37, Number 12 Page 25

26
26

Electronics <

95
97
100
gzggfers kemmant Industrial electronics 49
Meetings ahead
Editorial

Electronics newsletter
Washington newsletter
New products

New literature

New books

Technical abstracts

Components 56
Advanced technology 61

Solid state 61

In
this
issue

Circuit design 72

Microelectronics 74

Space electronics 80

Communications 85

Electronics review

International cruise 28 Small diodes
30 mile zone 28 Discrete move
Business at sea 30 Self aiming antenna

Minuteman byproducts 30
Automation vs antitrust 32
Tear out computers 32

Shifting patterns
Whistle at work
Junction problem

Probing the news

Help Wanted: Negro
Denver Negroes help themselves
Computer in the microelectronic design room

Technical articles
l. Design

Direct digital control at the threshold

Centralized special purpose computer instead of
separate analog devices for electronic process control.
H.F. Klock and J.D. Schoeffler, Case Institute of Tech.

Relays that challenge transistors
Semiconductors almost swept out the relay on
psychological grounds. Now, a comeback.

By Waldo Holcombe, Sigma Instruments

Cryotron flux pump switches high currents

An extension of the computer cryotron concept
switches high amperage loads

Theodor A. Buchhold, General Electric Co.

Now the gate turn-off for d-c switching

A logical development of the silicon-controlled
rectifier is 10 times faster.

Denis R. Grafham, General Electric Co.

Designers casebook

Circuit measures a battery's charge; blotting
out an unwanted harmonic; and squeezing in
more components with a micro amplifier.

11. Application

Integrated circuits shrink a radar system

Most often used in digital circuits, integrated
circuits are now finding their way into analog gear.
E.M. Pacifico and Stanley King, General

Precision Aerospace

Dolling up the space probes

Pioneer 6 has the new look for U.S. space probes.

It's magnetically clean with better controls.

A.B. Mickelwait and E.R. Spangler, Space Technology
Laboratories

A new look for the old telegraph

In an electronic system, the big problem is
matching a high speed computer to slow teleprinter.
Roy K. Andres and L.P. Correard, RCA
Communications, Inc.
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Readers Comment

Process control

Perhaps you have directed your
“Help Wanted” editorial of Feb.
21 [p 5] to the wrong department.
Important as a customer relations
department is, if one is to prosper,
it is the engineers who must pro-
duce something better than the
other fellows.

The electronics consultant can
provide a better control system
than the in-plant process engineer
if he expands his know-how in a
demonstrable manner. One of the
most likely areas for such improve-
ment is in power supply.

I refer to the frequent failure to
design the process control system
to be compatible with the available
power supply. Rather than divulge
the process secrets to the local
power company, many process com-
panies go it alone. As a result, the
supply voltage dips and momen-
tary outages, which are barely dis-
cernable to the majority of the util-
ity’s customers, can cause a
complete plant shut-down.

After one of these events, it is so
obvious that the process got in
trouble that seldom is the process
control system reappraised. A fre-
quent solution is for the process
company to increase its invest-
ments in some form of standby or
no-break power supply. This may
be considerably more expensive
that a few minor control revisions
which can go a long way to making
the process needs compatible with
the available local utility power
system.

John R. Linders
The Cleveland Electric

Illuminating Company

Cleveland, Ohio

Dolphin intelligence

I read with interest your Crosstalk
article, Voice of the Dolphins [p 5,
Nov. 22, 1963]. However, the as-
signment of an intelligence quotient
of 190 “on a human scale” by one
of the scientists engaged on the
project, establishes Tursios Trun-
catus among the sublime of the
mammalian class.

A typical human population

Electronics | March 23, 1964



(Advertisement)

Fully-Molded Bullet-Nose
Solid Tantalex® Capacitors
Avdilable in Five Case Sizes

Developed by the Sprague Electric
Company to help designers of digital
computing equipment and other in-
dustrial electronic devices reduce
their costs, Type 154D solid-electro-
lyte Tantalex Capacitors have per-
formance characteristics which are
comparable to those of higher-priced
metal-clad capacitors from other
sources.

Particularly practicable for applica-
tions which demand good electrical
characteristics without necessarily re-
quiring the superior moisture resist-
ance of more expensive metal-
encased units, Type 154D Capacitors
are available in five case sizes, giving
circuit designers a broader range of
capacitance values and voltage rat-
ings from which to choose.

The five cases include two tiny sizes
ideally suited for high-density “cord-
wood” packaging. In the smallest
case (.090” diameter x .250" long),
maximum capacitance ranges from
1.5 pF at 6 volts to .1 uF at 75 volts.
In the next smallest case (.138”
diameter x .390” long), maximum
capacitance ranges from 15 uF at 6
volts to 0.68 uF at 75 volts. The
largest of the three remaining case
sizes offers capacitance values up to
330 uF.

Ideal for Machine Installation
Because of the uniformity of their
molded cases, these bullet-shaped
capacitors are well-suited for ma-
chine installation on printed wiring
boards. They can be furnished on
lead tapes to meet customer specifi-
cations and needs of automatic inser-
tion equipment.

The rounded end or “nose” of the
bullet-shaped body identifies the posi-
tive terminal lead.

For application engineering assist-
ance write to Tantalum Capacitor
Section, Field Engineering Depart-
ment. For complete technical data,
write for Engineering Bulletin 3530A
to Technical Literature Service,
Sprague Electric Company, 35
Marshall Street, North Adams, Mass.

C-103-64
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Reasons Why SPRAGUE is a

Major Resistor Supplier

PRECISION FILM RESISTORS

RNTOC

metal-film, molded case

Distinct limited temperature coefficients
and low tolerances to meet exacting appli-
cation requirements. Rugged end cap
construction for long-term stability and reli-
ability. Superior resistance to humidity and
mechanical damage. Surpass MIL-R-10509D
requirements. Send for Bulletin 7025B.

deposited-carbon, molded case

Approach precision wirewounds in reliability
and stability, yet are smaller in size and
have lower self-inductance. Low, controlled
temperature coefficient. Dense molded case
provides outstanding humidity protection.
Send for Bulletin 7000A.

deposited-carbon, conformal coated

Full rated load operation at 70 C with no
wattage derating. Assured uprated loads at
lower operating temperatures. Ideal for cir-
cuitry where small size, humidity resistance,
and close tolerance (=19%) are required.

Send for Bulletin 7005A.
CIRCLE 270 ON READER SERVICE CARD

KOOLOHM" CERAMIC-SHELL
POWER WIREWOUND RESISTORS

{

Exclusive ceramic-insulated resistance wire permits “short-
proof” multilayer windings for higher resistance values.
Standard and non-inductive designs. Non-porous ceramic
shell for moisture protection and electrical insulation. Axial-
lead, axial-tab, and radial-tab styles. Send for Bulletins

73008, 7305, 7310.

( FILMISTOR® \

GCRASIL® PRECISION/POWER\
WIREWOUND
RESISTORS

silicone-encapsulated

Combine the best features of
both precision and power wire-
wound types. Resistance toler-
ances to +0.059%. Unusually
tough encapsulation protects
against shock, vibration, mois-
ture, fungus. Meet MIL-R-26C
requirements. Smaller than con-
ventional wirewounds, yet
greater in stability. Send for

CIRCLE 273 ON READER SERVICE CARD

Bullgtin 7}50. j
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BLUE JACKET
VITREOUS ENAMEL
POWER WIREWOUND RESISTORS

All-welded end cap construction with
special vitreous coating for long-term
dependability. Axial-lead style for con-
ventional wiring or on printed boards. Tab
terminals for higher wattage applications.
Meet MIL-R-26C requirements. Send for
Bulletins 7400B, 7410D, 7411A.

CIRCLE 272 ON READER SERVICE CARD

STACKOHM®
POWER WIREWOUND
RESISTORS

=2 2E=

/’ \ Flat silhouette permits
GLASS-JACKETED _stacl:mg of re:ustorlaanlgs
POWER WIREWOUND RESISTORS st s A

Ferrule terminals soldered to metallized ends of glass casing
for true hermetic seal. Virtually failure-proof, even in ex-
tremely corrosive industrial and salt atmosphere. Standard

and non-inductive windings. External meter-multiplier types
\ also available; Send for Bulletins 7350, 7420, 7421.

mounting and conducts
heat from resistance ele-
ment. Vitreous enamel
protective coating. Meet
MIL-R-26C performance
requirements. Send for
Bulletin 7430.

CIRCLE 274 ON READER SERVICE CARD

For complete technical data, write for
engineering bulletins on the resistors
in which you are interested to: Tech-
nical Literature Service, Sprague
Electric Company, 35 Marshall
Street, North Adams, Massachusetts.

4SR-166-63
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SPRAGUE

THE MARK OF RELIABILITY

Get The Full Story at IEEE Booths 2416 Thru 2426



New from Sprague!

d High-Etficiency
" Transistor
Performance to

VHF POWER RANGE

® High Voltage—40 Volts
® High fr— 800 mc (typ.)

e Isolated Mounting Stud
offers Design Freedom

e
-} = 'x‘ : N 7&0#' %
2N2962 [40V| 6db | 5W
2N2963 [40V| 5db | 5W
2N2964[30V| 6db | 5W
2N2 5W
[2N2965 30 V] 5db | 5

For application engineering
assistance, write to Transistor
Division, Sprague Electric Co.,
Concord, N. H. For technical
write for Engineering Bulletins
30,452 and 30,454 to Technical
Literature Service, Sprague Electric Co.,
35 Marshall St., North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY

@5T-165-63
Get the full story at IEEE Booth 2416 thru 2426
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(such as that of the U.S.) has a
Gaussian distribution of intelli-
gence with the norm arbitrarily set
at 100 (for example, Stanford-Binet,
Wechsler-Bellevue, Tests), 65% of
the population having an L1.Q. be-
tween 85 and 115. Reference to
tables of normal distribution then
shows that less than 0.01% of the
population has an 1.Q. of 160 or
over. There has probably never ex-
isted more than a handful of men
with an 1.Q. of 190. Thus Tursios
Truncatus far outweighs the intel-
lect of Charles Darwin (about 135)
though it might fall a little short of
Goethe (1.Q. between 185 and 200).

We may expect an early report
from the dolphins on the interest-
ing behaviour of the Sperry scien-
tists, as soon as they have solved
the trivial problem of communicat-
ing with that inferior upstart of the
animal kingdom, Homo Sapiens.

Stephen Blow

Atomic Energy Commission
Roskilde, Denmark

* The 1.Q. figure used is not one
measured on the human scale, but
rather an equivalent, in terms of
how well the dolphins manage in
their own environment. It does not
mean that if they could learn Ger-
man, dolphins would start writing
Goethe-like poetry. Just means
they’re damned clever beasts.

Impoverishment

Mr. John Joss refers to a possible
impoverishment of the language
[p 6, Feb. 21]. This has already oc-
curred!

Alibi is used where excuse is in-
tended. Alternate has become syn-
onymous with alternative.

There is surely no excuse for us-
ing the wrong word when a correct
alternative exists.

Dewi L. Williams
Chateauguay Centre
Quebec, Canada

Mixer harmonics

In your Jan. 10 issue I found some
figures which puzzle me. In the
Reference Sheet article, Linear
Scales Show Mixer Harmonics, au-
thor Roger T. Stevens states on
page 37 that the ratio between
F./Fyg varies between 0.893 and
0.911. Using the figures in the ar-

ticle, I arrive at a variation between
0.891 and 0.909.

Could you tell me if there is a
specific reason for the difference in
my figures and those of Mr. Stev-
ens, such as an understood quan-
tity not listed in the article, or
whether the division was wrong?

John G. Giovino
Quality Control
Applied Physics Corp.
Monrovia, California

» Author Stevens says he used a
slide rule. With a desk calculator,
the ratios come out to 0.89159 and
0.90985, which round off to 0.892
and 0.910.

Microwave tubes

We read with much interest on
page 52 of the Dec. 13, 1963, issue
about the conference on Design
and Use of Microwave Tubes, held
in London on October 16-18, 1963.
We should appreciate very much
your informing us how we could
get the papers on that conference.
G.F. Cirri
Fabbrica Italiana Valvole
Radio Elettriche
Florence, Italy

= The 250-page book containing all
the papers presented at the confer-
ence may be obtained by sending
four and a half dollars (or equiva-
lent) to the publications depart-
ment of the Institution of Electrical
Engineers, Savoy Place, London.

Principle

For all the fancy footwork concern-
ing the use of the word “data”
(singular and plural), the Feb. 28
issue was tripped up by another of
those banes to the proofreader:
principal slipped in in the place of
principle in the article about the
lens antenna [p 25].

I cannot, simply cannot under-
stand why people who are other-
wise discrete, continue to make this
kind of error; the spelling and
meanings of the two words are cer-
tainly indicative that they are dis-
creet entities.

Very semantically,
A W. Edwards
Century Electronics

& Instruments

Tulsa, Oklahoma

CIRCLE 7 ON READER SERVICE CARD—-
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" In Jerrold products, the common denominator
IS quality plus creative engineering

TACO, leader in design and manufacture
of satellite-tracking antennas, offers a
complete range of telemetering and
microwave arrays embodying the most
modern antenna technology.

Embracing the diverse industrial fields of rf
test instrumentation, microwave transmission
and reception, telemetry communications, and
EDP data systems, the manufacturing sub-
sidiaries of The Jerrold Corporation build
uncompromising quality into the creative
products bearing the names JERROLD,
HARMAN-KARDON, TACO, and ANALAB.
A few are shown here.

For detailed information on hundreds of
specialized products that can fill your needs
in electronic communications, control, and
display, write

THE JERROLD CORPORATION

Philadelphia, Pa. 19132

Subsidiaries: Jerrold Electronics * Harman-Kardon
Taco * Analab « Pilot Radio

JERROLD ELECTRONICS rf sweep gener-
ators, such as the famous wide-plus-
narrow-band Model 900-B, are trusted
by discerning engineers for all their if,
vhf, and uhf testing needs.

ANALAB precision oscilloscopes and
scope-camera systems are being used
more and more where accuracy is a
must. Frequencies up to the 5-kmc
range can be electronically sampled
or stored on Analab scopes.

HARMAN-KARDON, through its Data
Systems Division, offers a series of basic
digital logic modules, digital voltmeters,
and analog/digital converters which are
enjoying ever-increasing usage.

s
o ko WAYE HEAINE

. s

B

WHRCWATE RICEYEE

JERROLD ELECTRONICS microwave
receiving and transmitting equip-
ment answers the need for highly
reliable, easy-to-maintain gear for
video, voice, and data-communi-
cations applications.

See these products in Booths 3904 to 3914 at the IEEE Show.



| SAME RATINGS...s SIZE ]

Machlett’s new Miniature Planar Triodes have all the characteristics which |
have brought outstanding acceptance to its present planar triode line. For

information write: The Machlett Laboratories, Inc., Springdale, Connectlcut
An affiliate of Raytheon Company.

TABLE OF COMPARISON

New Conventional
MI-BO38%. e e ML-7698.. . o e i i
(Heat Sink)
B s ek B MET21) . b
(Radiator)
R e W e MIEZRIE I o s o e
(Heat Sink)
MUE-SB3TE. . cvimarasp it ML=78857 o e T
(Radiator)
R o SR 3 SN e ML e e B
(Heat Sink)
ML-8030., o dm el WER538 i S
(Radiator) (DP-30)

Application

For either conventional or
miniaturized planar triodes

Plate or Grid-Pulsed
(3500v 5.0a) (2500v 5.0a)

CW to over 100 watts

Plate or Grid-Pulsed
(3500v 3.0a) (2500v 3.0a)

Plate or Grid-Pulsed
(3500v 3.0a) (2500v 3.0a)
CW to 100 watts

Switch Tube (30kw, 0.0033d) or
Pulse Amplifier (20kw pulse at 1Gc)

Switch Tube (30kw, 0.0033d) or

Pulse Amplifier (20kw pulse at 1Gc) |

tExcluding seal-off tip. Actual in-cavity spacing for ML 8534 or ML 8536 is only 0.720" max,;
threaded heat sink screws flush into cavity, eliminating additional sink requuements

*Machlett Frequency Stable anode and Phormat cathode.
**Phormat cathode.

e

ELECTRON TUBE SPECIALIST
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\ People

Shepherding TRW Semiconduc-
tors Company’s insulated-gate
field-effect transistor into produc-
tion—its initial
outing is at the
IEEE show this
week—will  be
George Luett-
genau, director
of the group
that developed
it and operated
it at up to 500
Mc as an oscillator and to 100 Mc
as an amplifier.

Luettgenau’s reputation in high-
frequency circuit devices goes back
to 1960 when he discussed his suc-
cess at extending power transistor
range in a paper presented at the
Western Electronics Show and
Conference. “It created quite a
flash,” he says. In 1962, Luettge-
nau’s group got permission to de-
velop prototype circuit designs for
outside customers; the field effect
transistor represents the group’s
latest effort.

Luettgenau was pushed into
electronics by the Nazi government
in 1944, when he was one of 400
German high school students se-
lected to attend an air-force-spon-
sored research institute. He worked
in Germany for the U. S. Army and
Air Force before coming to the
U. S. in 1959.

C. Gordon Little, after doing the
job for a year, recently got the title
—director of the Central Radio
Propagation
Laboratory  of
the National
Bureau of
Standards at
Boulder, Colo.
The laboratory
is the U.S.’s fi-
nal authority on
radiowaves  at
all frequencies. Little joined NBS
in 1958. His science career was
precipitated by the school system
in England, where he lived as a
child. The system required each
student to choose either science or
liberal arts. Little, with no previous
attachment to either, chose sci-
ence.

Electronics | March 23, 1964
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RELIABILITY
MODULES

SPEECH COMPRESSION
SECURE COMMUNICATIONS
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The volumes of achievement con-
tributed by MELPAR to the aero-
space library are rare editions
bound in success. MELPAR's ex-
ceptional research and develop-
mental skills have added many
chapters to the aerospace age.

Each title on these crowded book-
shelves—and many more—repre-
sents an area of MELPAR'S crea-
tive technical capability. These
“books” are replete with signifi-
cant firsts achieved through a
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RECONNAISSANCE SYSTEMS
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Simulation

and

Training

BOUND IN SUCCESS

broad range of sophisticated pro-
grams.

And MELPAR'S off-the-shelf tech-
nical experience is backed by a
production capability that is es-
tablishing a near-perfect record
in on-time delivery of quality
products.

MELPAR’'S growth and success
continue to create new employ-
ment opportunities for scientists
and engineers of unusual capa-
bility and zeal. If you feel that

Electronic Fuzes

o

K MELPAR Y e

you are the person who can con-
tribute to the MELPAR story of
achievement, write to: Mr. John A.
Haverfield, Manager-Professional
Placement.

MELPARY inc

A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE CO.

3000 Arlington Boulevard, Falls Church,Va.

IN HISTORIC FAIRFAX COUNTY,
ONLY 10 MILES FROM WASHINGTON, D. C,

an equal opportunity employer
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Only from Sprague!

100 uF!

LABORATORY
CAPACITANCE

~ STYRACON®
PRECISION

Components for highly precise electronic equip-
ment as well as laboratory standards of capaci-
tance ® Measurements are correlated with similar
capacitors certified by National Bureau of Stand-
ards ® Maximum capacitance stability possible
in the state of the art ® Capacitance values from
.001 to 100xF e Specially-processed polystyrene
dielectric ® Hermetically-sealed.

STYRACON®
DECADE CAPACITORS

Triple decade capaci-
tors with direct in-line
.readout ® Accurate to

©+0.5% of nominal
capacitance for any
dial setting ® Two
basic ranges of capaci-
tance — 0.0001 to
0.1099xF and 0.001 to
1.0994F e Available in
bench or panel mount-
ing styles.

For complete technical data, write for Engi-
neering Bulletins 90,600 and 90,605 to
Technical Literature Service, Sprague Electric
Company, 35 Marshall St.,North Adams, Mass.

SPRAGUE

THE MARK OF RELIABILITY

“Sprague’ and (2)’ are registered trademarks of the Sprague Electric Co,

4SC-168-63R1
GET THE FULL STORY AT IEEE BOOTHS 2416 THRU 2426
10

Meetings

Radio Technical Commission for Marine
Services Meeting, RTCMS, Somerset
Hotel, Boston, Mass., March 31-
April 2.

Joint Computer Conference, British
Computer Society, IRE, IEE; Edin-
burgh, Scotland, March 31-April 3.

Symposium on Engineering Aspects of
Magnetohydrodynamics, |IEEE, MIT;
Massachusetts Institute of Technol-
ogy, Cambridge, Mass., April 1-2.

Symposium on Microminiaturization of
Electronic Equipment, British Insti-
tute of Electrical Engineers; Edin-
burgh, Scotland, April 3-5.

NAB Annual Convention, National As-
sociation of Broadcasters; Conrad
Hilton Hotel, Chicago, April 5-8.

Nonlinear Magnetics International Con-
ference, I|EEE; Shoreham Hotel,
Washington, D. C., April 6-8.

Protective Relay Annual Conference,
Texas A&M University; College Sta-
tion, Texas, April 6-8.

Cleveland Electronics Conference, |EEE,
ISA, Cleveland Physics Society, West-
ern Reserve University, Case Institute
of Technology; Public Hall, Cleveland,
Ohio, April 7-9.

Dielectrics and Insulating Materials Con-
ference, IEE (Br.); London, England,
April 8-10.

Measurement and Control Instrumenta-
tion Symposium, ISA; Hotel Floridian,
Tampa, Fla., April 8-10.

SMPTE Technical Conference, Society of
Motion Picture and Television Engi-

neers; Ambassador Hotel, Los An-
geles, April 12-17.
Microelectronics Symposium, |EEE;

Chase Park Plaza Hotel, St. Louis,
Mo., April 13-15.

Flight Test Instrumentation Interna-
tional Symposium, College of Aero-
nautics, Cranfield, Bedfordshire,
England, April 13-16.

URSI Spring Meeting, National Com-
mittee of URSI, Professional Techni-
cal Groups of IEEE; National Academy
of Sciences, Wash., D. C., April 15-18.

Aerospace Electro-Technology Interna-
tional Conference & Exhibit, IEEE;
Phoenix, Arizona, April 19-25.

Rotating and Static Precision Compo-
nents International Symposium, Bu-
reau of Naval Weapons; Washington,
D. C., April 21-22.

Spring Joint Computer Conference,

CIRCLE 10 ON READER SERVICE CARD

American Federation of Information
Processing Societies; Sheraton-Park
Hotel, Washington, D. C., April 21-23.

Southwestern IEEE Show, Southwestern
IEEE; Dallas Memorial Auditorium,
Dallas, Texas, April 22-24.

Photographic Science and Engineering
International Conference, Society of
Photographic Scientists & Engineers;
Hotel Americana, New York, N. Y.,
April 27-May 1.

Magnetic Inductance Core Conference,
Magnetic Powder Core Association of
the Metal Power Industries Federa-
tion; Chicago, lll., April 28, 1964.

Call for papers

Rochester Conference on Data Acquisi-
tion and Processing in Medicine & Bi-
ology; University of Rochester, Roch-
ester, N. Y., July 13-15. April 15 is
the deadline for submitting original
fundamental and applied papers to
Kurt Enslein, 42 East Avenue, Roch-
ester, N. Y. 14604. Subjects covered
will include medical literature, ex-
perimental data, methods of dealing
with all aspects of the communica-
tions problems, and systems now in
operation.

WESCON (Western Electronics Show
and Convention), Los Angeles Dis-
trict and San Francisco Section, rep-
resenting the 6th Region, IEEE, and
Western Electronic Manufacturers
Association; Los Angeles Sports
Arena and Hollywood Park, August
25-28. April 15 is deadline for sub-
mitting: 1) three copies of a 100 to
200 word abstract; 2) three copies of
a 500 to 1,000 word summary of the
paper which identifies the related
work and extent of new contributions
in the field, and 3) indication of tech-
nical field in which paper falls. Sub-
mit to Robert R. Bennett, Technical
Chairman, 1964 WESCON, Suite
1920, 3600 Wilshire Boulevard, Los
Angeles, Calif. 90005. Papers in all
electrical and electronics fields will
be considered.

Microwaves, Circuit Theory and Informa-
tion Theory International Conference,
The Institute of Electrical Communi-
cation Engineers of Japan; Akasaka
Prince Hotel, Tokyo, Japan, Septem-
ber 7-11. Deadline is May 31 for sub-
mitting a 100-word abstract plus a
two-page summary of 800 to 1,200
words to Kiyoshi Morita, c/o The In-
stitute of Electrical Communication
Engineers of Japan, 2-8, Fujimicho,
Chiyoda-ku, Tokyo, Japan: Some top-
ics include microwaves, circuit the-
ory, information theory.
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ON EXHIBIT AT
SPRING JOINT COMPUTER CONFERENCE
APRIL 21-23

: Small cost . . .
AN 1 ::
the MT-24 PERFORMANCE

| » | Now, with the introduction of the

the MT'sb ' - new MT-75, Potter offers a com-
' plete family of high-perform-

ance, vacuum-column magnetic

tape transports, featuring pack-
ing densities to

soo b.p. i.

These new Potter transports, the
MT-24, the MT-36, and the MT-75,
have been thoroughly value-
engineered for highest possi-
ble reliability at minimum cost.
They cover a tape speed range of
1 to 75 ips; provide data transfer
rates to 60kc. All are IBM-com-
patible. Here are the facts:

MT-24: 1-36 ips — data transfer
to 28.8kc, 200 commands per sec.
MT-36: 1-50ips — data transfer
to 40kc, 200 commands per sec.

and the NEW MT-75: 1-75 ips
— data transfer to 60kc, 200
commands per sec.

Interested? Complete data is
available on these, as well as
many other Potter models for
speeds to 150 ips and packing
densities to 1200 b.p.i. For infor-
mation on' the broadest line of
digital transports available any-
where, just write to Sales Man-
ager.

INSTRUMENT CO.,INC.
151 Sunnyside Boulevard, Plainview, New York

| . E




Silicon Planar Epitaxial

NEW: LOW POWER

with 2.5mW/node power dissipation

Three views (actual size) show high density assembly of circuits in TO-5 type packages.

This assembly of 12 low power Micrologic integrated cir-
cuits functions as a triply redundant majority voter in a
space flight control system. Each module incorporates six
Double Gates, three Buffers and three 4-Input Gates and
has a total power dissipation of 70 milliwatts. It is one of
80 such modules in the system.

12 CIRCLE 12 ON READER SERVICE CARD

LOW POWER This family of Micrologic circuits
(MW‘U,EB) is specifically designed for applications
where milliwatt or low power dissipation is essen-
tial. Power dissipation is 80% less than standard
Micrologic, while typical propagation delay is
40 nsec per stage.

RELIABILITY These low power Micrologic circuits
are manufactured using the same process steps
and masking techniques used with standard Micro-
logic, thus assuring the same high reliability proven
in over 29 million hours of operating life tests.

AVAILABILITY Althoughits general availability is
announced now, Fairchild has been manufacturing
and shipping low power Micrologic to a government
agency since November of 1962. These devices
are now offered as standard products available
directly from Fairchild distributor stocks.

SPECIFICATIONS Complete specifications on

'the six devices shown (at right) are now available.

Data sheet also includes specifications on the.
921 Gate Expander low power Micrologic element
which is grouped with this family.

PLANAR: A PATENTED FAIRCHILD PROCESS
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F/P-2164-B

MICROLOGIG!

LOAD . - prive B 1o
FACTOR. mc*ron FACTC

908 MODULO 2 ADDER 909 GATEDBUFFER || 910 DOUBLE GATE

Generates the Mod. 2 addition or A low impedance lnvem'ng drive Used as a palr of NQR sates RS 1

exclusive OR function. Average . circuit. Used typically as a line _Flip-Flop, pair of m erters. or Z

power dissipation: 10 mW. driver, in multivibrators, or for pulse double inverter. er dls- !
differentiation. Average power dis *

sipation: 4 mW.
SIpatlon 10 mw @ 50% duty cycle .

LoaD . oRwE
- FACTOR ‘ . . . FACYQR, :

LOAD - DRIVE LOAD
FACTOR 'v - FACTOR FACTOR

c i
911 4-INPUT GATE 912 HALF ADDER . 913 TYPE D FLIP-FLOP
Used as an OR gate by applying true A multipurpose combination of - This element is a gated th-Flop
inputs. Average power diss: 4 mW. three basic RTL circuits for a com- - for use as a binary in registers and
; o plete half adder or an exclusive OR counters. Average power dtssipa

gate. Average power diss: 8 mW. tlon 12 mw.

e , L o o . .
Logic symbols drawn in accordance with Mllltary Standard 806B as follows: L‘C} = NAND D NORp—p-— INVERTER.

AVAILABLE DIRECTLY FROM DISTRIBUTOR STOCKS

FAIRCHIL D

RIS S RARTT S IO Sl
SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR/A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION /545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF./962-5011/TWX: 415-969-9165
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The quickest path to a transistor’s Beta lies through
the line that leads to a Sierra Model 219B Transistor
Tester. It cuts straight through the soldered and lead-
bestrewn byways of out-of-circuit testing. Takes you
directly to transistor Beta in-the-circuit [ ] Model 219B
reads Beta directly in-the-circuit in

(lco) as well from 0-50 and 0-500 ma [] This 12-pound

pathfinder carries test prods, a handbook of trenchant
transistor test data, and seven small batteries for self-
powered operation in its pack. You'll rediscover all
these facts and more in the product bulletin available

now from Sierra. Or, you can see for

four overlapping ranges (1-3, 3-12, SIERRA ELECTRONIC DIV. yourself by lining up a product dem-

10-40, 30-120). In out-of-circuit test-

e onstration with your Sierra sales
ing, it will measure leakage current pH I I ‘ o representative.

(T 72
A SUBSIDIARY OF g/t'r_ajf (x{orﬁcwz/za)ey,

Sierra Electronic Division /3885 Bohannon Drive / Menlo Park, California
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A new
package
for you
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Editorial

On this issue’s cover, you will see Electronics’ new signature, spelled
with a capital E for the first time in the magazine’s 34 years.

This departure from tradition symbolizes several changes in the
magazine. We are trying to make Electronics more useful, more
informative and more interesting.

Beginning with this issue, we will publish Electronics every other week
instead of weekly, and on Monday instead of Friday. The reason is
simple. We publish Electronics for subscribers, and enough of them told
us that once a week is just too often for a technical magazine.

One improvement involves the table of contents on page 3. It is
redesigned so you can quickly find articles of prime interest.

News stories are listed at the top of the table-of-contents page. They
report more than just developments in electronics. They describe why
these developments are important, what’s really behind them, and how
they fit into the fast-growing electronics field. Other articles report on
technical and non-technical developments in fields such as marketing,
management and personnel.

News of this kind will be found in four separate places:

1) Electronics Newsletter on page 17—a rundown of trends and
last-minute developments.

2) Electronics Review on page 25—short stories interpreting the major
news of the past two weeks in six fast-reading pages.

3) Washington Newsletter—intensive behind-the-scenes reporting on
government activities affecting the industry (page 39).

4) Probing the News—depth studies of timely subjects. This issue’s
lead story (page 95), for example, digs into the status of Negroes in the
electronics industry and explains why companies have difficulty finding
trained Negro engineers.

Technical articles, of course, continue to be the heart of every issue of
Electronics. We will publish more of these than ever before. Starting on
page 49 of this issue you will find 42 pages of broader, easier-to-read
feature articles.

Each article is labeled at the top so you can quickly see its area of
technology. Background information explains the kinds of problems
solved by each development, its applications, advantages and limitations.
You will not have to be a specialist to understand and use any article.
Yet each article will have enough important new information to help even
the most specialized engineer.

A good example is the article, “Direct Digital Control,” on page 49.

It describes an important new approach to designing industrial control
systems. Similarly, the article describing the application of the gate
turn-off switch discusses a subject of interest to engineers from every
part of the industry.

An editor is assigned to cover every major sector of the electronics
field. This enables us to cover the industry broadly, yet intensively.

These assignments are outlined on page 4, where we list Electronics’
staff. “Floating Departments,” which may be handled by different editors,
include such subjects as medical electronics, bionics and air traffic control.

We are continuing the typographic streamlining of Electronics that
was started last year. Art director Howard Berry, with the help of
magazine designer Bradbury Thompson, has given our pages a cleaner
look designed to make them easier to read.

A lot of changes have been incorporated into this issue, and there will
be more editorial changes reflecting this fast-changing industry. One
thing that isn’t changed, incidentally, is the subscription price.

We would like to know what you think of our efforts. Won't you take
a minute to write to the editor?
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REGULATED - ww = DG SUPPLIES

POWER SUPPLIES

WITH EXPERIENCE

The WR Group includes eleven
time-proven models from
Kepco’s current production of
230 standard models.

Kepco’s representatives in your

Model 605

area can supply you with

complete technical information,

application ideas, and delivery.
Model 430D

APPLICATIONS. DC OUTPUT SEMGLATION RIPPLE AU
= ELECTROPHORESIS® RADAR ik - OUTH! oao | une | “Rms] OUTPUT) opice
® ELECTROCHEMICAL PROCESSES 0-MAX y
VOLTSI MA %1.av] %l avl Mv Unregulated
® MICROWAVES® PHOTOMULTIPLIERS i 9
® COMMUNICATIONS-TELEVISION 24008-#; 0—-150 | 0-5 " o [ iy 1 $540.00
#92 0-400 | 0—150 0.025 0.1 0.1 04 3 10 AMP
]
TELERTESE 3 aetems #3 0-400 0—15q 0.025 0.1} 0.1| 04 3 10 AMP
m ELECTRO-MECHANICAL DEVICES
400 B 0-400| 0—15Q 0.02 0.1 0.1| 04 3 10 AMP 270.00
GENERAL SPECIFICATIONS: o—150| 05 [ *| *| *| *| 1
m Input: 105-125 VAC 50-65 cps single phase 430D -#1 | 0—450| 0—30q 0029 0.1 01| 04 3 10 AMP 675.00
m Operating Temperature: -20° C to +55;’C #2| 0—450( 0—30d 0.025 0.1 0.1| 04f 3 10 AMP
m Temperature Coefficient: <0.01% per °C 800B- #1 | 0600 0—203 002] 0.1 01| 04] 3 | I0AWP | s75.00
. 'l‘e¢|=°t‘{efy Ibgﬂ 5;? mleosetC?_'"gsmso #2| 0—600| 0—20q 0.02| 0. 01| 04f 3 | 10AMP
] -
i ,;:;,';"Vo,tmevt‘;,Saf,zxfn‘:mete, ) 605 0—600| 0—50d 002 0.1 0.1] 04] 3 | 20AMP | a25.00
m Convection Cooling D190} -0 1
m For Relay Rack or Bench Use 6158 0—-600| 0-30d 0.02| 0.1 0.1| 04f 3 10 AMP 355.00
m Multiple output and high voltages 0-150| 0-5 % ] o ) s l
m Plate, Grid and Heater Voltages
@ Continuously Variable, Zero to full output e 0—1001 0-50d 001} 0.1 003 04) 3 o8
1220C 0—1209 0—50 | 0.01| 0.1} 00§ 04 3 10AMP | 465.00
See our P Y2 15208 | 01509 0209 0.01| 0.1] 0.0§ 04 3 695.00
Complete HB 2050 | 0200 0500 0.005 0.1] 004 04| 2 1565.00
Catalog in meEG 1
HB 2500 | 0—250q 050 [ 0.005 0.1f 0.03 04| 5 975.00

*0-150V bias - Regulation: 0.01% Line / 2% Load at 150V

For complete specifications on more than 230 standard
model Power Supplies, send for NEW Catalog B-631.

131-38 SANFORD AVENUE, FLUSHING, N.Y. 11352 « Phone: (212) IN 1-7000 « TWX #212-539-6623 » Cable: KEPCOPOWER NEWYORK
VISIT US AT IEEE SHOW, BOOTHS 2636-2638
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NC making inroads
in auto industry

EIA frets over
foreign markets

1964 tobe
colorful year
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The auto industry is beginning to rival the aircraft industry in use of
numerically controlled (NC) machines. Detroit’s Big Three auto makers
are reported to have well over 100 such machines in use, but they won’t
talk about them. NC is a hot issue between unions and management. One
manufacturer is already in litigation over NC use.

Die-making is one of the latest applications of NC’s ability to auto-
matically shape metal in three dimensions. First, probes “feel” a plastic
model to gather the 3-D data needed for the punched tape that controls
the cutting machine. Then, any quantity of identical, precision metal
dies can be made. Some tool and die makers are said to be watching
this development with horror. If the machine proves out, 40 tool and
die shops that are NC equipped could handle the work that 400 now get.

An NC computer-drafting machine draws three-dimensional views of

proposed auto models so the designers can tell what the car would
look like from a tall building, or a mile down the road.

The upsurge in foreign nationalism and self-sufficiency is creating indus-
trial as well as political headaches, according to the delegates to last
week’s spring conference of the Electronic Industries Association. They
agree that the U.S. electronics industry should expand overseas sales—
to its own as well as foreign governments’ advantage—but they are
aware that obtaining new international markets gets tougher every year.

To ease the way, Harold M. Landau, marketing director for Raytheon
Co.’s European operations, called for establishment of an international
market research center to help boost sales of U.S. defense-developed
technology throughout the free world. He said the quasi government-
industry center would “determine who we are in terms of national,
industrial and technical strength; where we are in world competition;
where we want to go in terms of national, economic, political, technical
and military objectives; and how to get there in regard to alternate
routes possible.”

Japan is about to let down its trade barriers on U.S. color-tv sets but
it is unlikely that U.S. manufacturers will rush into that market. They
are much too busy trying to satisfy the expected demand here.

Japan’s Ministry of International Trade confirms that the government
will remove restrictions on the use of foreign exchange for color-tv
imports “sometime this year”—probably in April. Japanese manufac-
turers aren’t too concerned. For one thing, the price of a U.S. 21-inch
color set would be about $840 in Japan—far too costly for the average
Japanese. Besides, the manufacturers remember that restrictions were
removed from black-and-white sets some time ago and the number of
sets imported has been negligible.

Meanwhile, U.S. color picture tube manufacturers are gleefully antici-
pating—and frantically tooling up for—a 1964 market of 1.5 million
tubes for new sets, plus replacements for the 1.5 million sets already in
existence. Radio Corp. of America last year kicked off an $11.6 million
expansion program and estimates it will produce 1.3 million color tubes
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Radiation falls
as satellite rises

Programed
hamburgers

Neurotic
Computers

18
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in 1964—far below expected demand. Motorola Inc.’s $5 million invest-
ment in National Video Corp. is paying off with a build-up in the tube
production. Sylvania, running its reopened color-tube production, lives
on a 24-hour, 6-day week after doubling its labor force to 720. (Sylvania
just joined the rectangular color tube makers.) Zenith Radio Corp. has
Rauland Corp. working at top speed. It’s full color ahead.

There is new evidence that radiation may not be as serious a hazard in
space travel as was thought. It may be relatively mild in outer space
compared with the intensity of radiation belts closer to’earth.

Preliminary reports based on findings from NASA’s Interplanetary
Monitoring Platform indicate that astronauts may find smooth sailing
after they get beyond the intense radiation trapped in the earth’s
magnetic field. Temporary electrical shielding might protect the space
traveler on the first leg of his journey.

The reports were given March 12 by scientists who have radiation-
gauging equipment onboard the space platform. The reports were not
conclusive because the data covered only the first 19 orbits, extending
122,800 miles into space, and because the sun, a prime source of radia-
tion, is throwing out relatively little radiation now.

The NASA satellite found that the earth’s magnetosphere extends out
about 40,000 miles. The magnetosphere moves against the solar wind
like a missile nose-cone in a supersonic wind tunnel. Where the solar
wind hits the megnetosphere, a shock front creates a turbulent wake.
On the sun side of the shock front, practically no high-energy radiation
particles were detected. But the wake is filled with them, indicating
that the particles accelerate and gain energy in the shock wave. About
half the particles apparently get trapped in the Van Allen belts.

Now that American Machine & Foundry Corp. has made pin boys passe
in bowling alleys, it is trying to automate another bit of Americana—
the drive-in hamburger stand. But so far, the system isn’t threatening
those long-legged carhops. The carhop still takes the order. Then she
turns the slip over to a girl behind a key-punch console. Hitting the
right keys orders the kitchen to fill the order automatically or manually.
The food comes out on a conveyor belt and the system prints out the
check. Developed by Shepard Labs, Inc., of Summit, N. J., the system
has already been field-tested at a Long Island drive-in.

Those who complain of the progressive dehumanization of life as a result
of machines may be heartened by news of the progressive humanization
of computers. A psychiatrist at Stanford University, working with an
IBM 7090, has programed the computer to simulate a woman patient’s
anxieties and indecisions about men, so that the psychiatrist can ask the
computer questions and explore its answers without having to worry
about mistakes. The “patient’s” vocabulary contains 257 words and its
“mind” holds 105 beliefs. Certain arrangements of words form beliefs,
and certain groups of beliefs form “complexes.” What happens if the
7090 is told something that conflicts with its beliefs? It develops a
simulated anxiety attack, of course,
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Now Unitrode eliminates excessive reverse power
dissipated in the diode during turn-off. This means you
can reduce ripple and the size of transformers and filters
by increasing operating frequency.

At 100 KC, the rectification efficiency of the Unitrode®
fast-recovery rectifier is only 1% less than at 60 cps.
Reverse recovery time is typically 75 nanoseconds . . . and
continuous average rectified current ratings are 2 amps
even with PIV's of 600 volts!

Unitrode makes this possible by a novel silicon diffusion
process that nearly eliminates the reverse current spike
during turn-off — and considerably shortens turn-off time.
Further, the new fast-switching series has the unique
one-piece Unitrode construction that survives long term

overloads without damage and is immune to aging effects.

but not this
Unitrode

With a hard glass sleeve fused to all exposed silicon
surface, the resulting void-free junction cannot be
contaminated. And they're no bigger than . ..

i this -

Individually inspected, 100% tested, Unitrode fast-recovery
rectifiers have to cost more than ordinary rectifiers. But if
performance is more important to you than pennies,
compare all the remarkable devices based on the
Unitrode principle: 3-amp silicon diodes, 3-watt zeners,
high-voltage stacks and bridge assemblies. They're
stocked by Unitrode representatives nation-wide.

For information, product demonstration and samples,
contact UNITRODE TRANSISTOR PRODUCTS, INC.,
214 Calvary Street, Waltham, Mass. 02154.

Tel. (617) 899-8988, TWX (617) 894-9876.

B UNITRODE

IEEE Booth 1102
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Manganese Alkaline Batteries Give
Long Life on High Drain Service

There are numerous applications
requiring a dry battery capable of
delivering relatively high currents,
continuously or intermittently.
Among these are motor drives for
cameras and tape recorders; light-
ing; photoflash, including strobe
lights. For this type of use, the
Mallory Manganese Alkaline sys-
tem offers superior performance
and economy. It is a high energy
system, with qualities of stability,
service life and storage life ap-
proaching those of Mallory Mer-
cury Batteries . . . and especially
applicable to heavy duty service.

The manganese system delivers 25
to 35 watt-hours per pound, or
two to four times that of zinc
carbon batteries. At current drains
of 50 MA and higher, it has consid-
erably lower cost per watt-hour

1.5
14

1.3
1.2
LIF

VOLTS

.8 N~

T zinc carsoN

1004 MMALLORY MANGANESE
ALKALINE

COST PER WATT-HOUR IN CENTS
o

ISMA 25MA 50MA IOOMA 250MA
CONTINUOUS DRAIN

ical advantage increases as drains
go higher (see chart).

The voltage of the manganese sys-
tem, although not as stable as that
of Mallory Mercury Batteries,
stays far more constant throughout
service life than with conventional
batteries. The system, moreover,
has low impedance (less than 1
ohm per cell) and can often be
used to a lower cut-off point than
zinc carbon cells.

Through the use of internal con-
struction comparable to the mer-
cury system, Mallory Manganese
Alkaline batteries have exception-
ally long storage life. Capacity
loss after three years of storage at
70°F is in the order of 209 or less.
Double steel case effectively pre-
vents leakage. A complete line of
standard cell sizes is available.

thanordinarybatteries. Its econom-  CIRCLE 240 ON_READER _SERVICE _CARD

ZINC-CARBON
MANGANESE-ALKALINE-ZINC

CUTOFF VOLTAGE

> 3

1 1 1

15 30 45

1 )
60 75 S0 105 120

DAYS

Life span of cells discharged into 60-ohm loads for 8 hours per day at 70°F.

MALLORY

P. R. MALLORY & CO. INC., INDIANAPOLIS 6, INDIANA

Mallory Film Resistors
pass flame
resistance test

If you’re concerned with ability of
components to survive severe over-
loads safely, here’s a report on
Mallory MOL metal oxide film
resistors that should interest you.

The first part was easy. The MOL
resistors were subjected to 1.1
times rated voltage for nominal
wattage for 3 minutes. There was
no smoke or odor. Then came the
tough part. For 1 minute, an over-
load of 2.25 times rated voltage
for nominal wattages was applied
—increasing to 3.15 times rated
voltage, until the resistors reached
maximum temperature. In spite of
this abuse, there was no flame or
emission of molten material.

Flame resistance is just one of the
“extras” you get with MOL re-
sistors. They are exceptionally
stable: resistance changes less than
19, in 10,000 hours of life test at
rated voltage, and holds steady
even under long exposure of 959,
relative humidity. Ratings of 2, 3,
4, 5 and 7 watts are available,
with resistance values ranging from
30 ohms minimum on the 2 watt
to a maximum of 125 K ohms for
the 7 watt unit.
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'DESIGNER’S FILE

Typical micromodule assembly. Dia-
gram at left shows method of assem-
bly. At right is completed module,
shown actual size.

Highly Reliable Micromodules Produced in Quantity

For manufacturers who are plan-
ning miniaturized circuitry using
the micromodule design concept,
Mallory has developed techniques
and facilities for assembly of micro-
module packages. These facilities
constitute a complete, integrated
system capable of producing pack-
aged wafer circuitry on economical
production basis, either for pilot
production or for volume manu-
facturing. Using the tooling which
we have developed, we have pro-
duced thousands of micromodules
of many types during the past few
months. We have capacity for

Special soldering fixture is typical of Mallory production tooling.

Elkonite® parts add stability to high-power vacuum tubes

Inside of high-power Kklystrons,
magnetrons and other big elec-
tronic tubes, there are some un-
usual materials problems which are
being solved by Mallory Elkonite
materials. For structural elements,
designers often need a combination
of high conductivity and good
strength at elevated temperatures.
If you use different metals in
combination — one for conduc-
tivity, one for strength, you’re
apt to run into unequal expansion
which causes changes in geometry,
and thus makes frequency drift.

Elkonite materials can give you
combination of properties which
you can’t find in natural materials
or alloys. They are powder metal-
lurgy products in which a refrac-
tory material such as tungsten or
molybdenum is merged with a
conductive material such as silver
or copper. Elkonite materials have
good strength at elevated tem-
peratures, coupled with good elec-
trical and thermal conductivity.
By varying composition, we may
be able to tailor-make the exact
properties you need.
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production at rates exceeding 1000
modules per week, including mech-
anized methods for testing of
individual wafers, handling, orien-
tation, soldering, encapsulation
and final tests of complete modules.

Micromodules offer one of the few
approachestomicrominiaturization
applications with well documented
reliability. Our engineers can work
with you to modularize your circuit,
applying this method of disciplined
geometry to both digital and ana-
log circuitry.
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Miniature TCW
electrolytics for
transistor circuits

You can get a lot of capacitance. ..

and a lot of quality . . . in this
compact-size line of aluminum case
electrolytics. Designed especially
for transistorized equipment, the
TCW series has a combination of
excellent stability and economical
price which makes them a leading
choice in industrial and entertain-
ment equipment. Long service life
is assured by all welded construc-
tion, with positive end seal. Leak-
age current and ESR are uniformly
low and stable.

TCW'’s are rated for ambients from
—40°C to +85°C. Standard case
size is 34” diameter, in lengths
from 24” to 134”. Ratings range
from 545 mfd., 3 volts to 20 mifd.,
150 volts. Available with or with-
out Mylar* insulating sleeve. Case
sizes up to 1” diameter and volt-
ages up to 350 WVDC available
on request.

*Registered trademark, E.I. du Pont de Nemours
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100 lurns

No. 37 Single Enamel Wire
Insulation on Both Leads Stripped
Finished Coil Taped

800 cols per ho

Leesona No. 116 Automatic
Bachi Bobbin Winder
automatically :

* Closes the tail stock.

* Insulates starting lead
with tape.

* Winds coil.

* Stops winding
at £2 turns.

« Strips insulation from
start and finish leads.

* Tapes finished coil.

* Waxes finished coil.

* Indexes wire guide.

* Cuts wire.

* Ejects finished coil.

« Sorts coils of two
different
specifications.

* Counts number of
coils produced.

At 7250 turns, No. 39 single formex wire, 585 coils per hour is a
typical production rate reported by prominent manufacturers who
use the No. 116. Operator merely loads bobbin on arbor of indi-
vidual head as table rotates, and clips starting lead. Production
can be cycled to operator’s loading time by controlling clockwise
table rotation from 4 to 2 rpm. Winding speed of each head can
be set according to number of turns desired. Write
Leesona Corporation, Warwick, Rhode Island.

Or call Leesona at 5700 W. Diversey Ave., Chicago 39, TU 9-5735;
1500 Walnut St., Phila. 2, KI 6-1720, or A. R. Campman & Co.,
1762 W. Vernon Ave., Los Angeles, AX 3-6265. 23B.3.18

See us at The IEEE Show, March 23-26th, Booth 4325-4327
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HIGH SLUPE UHF TRIUD This forced-air-cooled high slope triode, which conforms to

the USA JAN-7289 specification, is the latest STC addition
to the 2C39A family. Its construction, which includes a ceramic/metal envelope, is more rugged than
that of the 2C39A. Also, the distributed inductance and capacitance of the grid/cathode and grid/anode
configurations are more tightly controlled. In most cases this valve can be used as a unilateral direct
replacement for the 2C39A. The 7289 is for use as a power amplifier, oscillator or frequency multiplier
up to 3000 Mc/s. Write, 'phone or Telex for Data Sheets to STC, Valve Division, Brixham Road, Paignton,

Devon, England. USA enquiries for price and delivery to ITT Electron Tube Division, Box 104, Clifton,
New Jersey.

high-grade electronic components by
COMPONENTS GROUP

64/30MS
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MINCOM

G pn VRS i f . T
CONVENTIONAL .

ON-LINE DATA REDUCTION...IN THE LABORATORY

Mincom’s TICOR II 1.5-mc Recorder/Reproducer expands your existing data reduction capability to
standards previously considered impossible. Radar recording, single sideband, serial PCM and
other time-base-sensitive systems are now handled easily and dependably by TICOR Il1—fixed-
head longitudinal recording of as many as fourteen channels. Flutter components below 200
cps are essentially removed. Time base correlation between events is held below == 0.5 usec any-
where on the tape. TICOR II’s installation in your data reduction center enhances the value of
all your current field and lab recording systems. Rapidly convertible from 1/2-inch to 1-inch tape
operation. All solid state, one equipment rack, completely RFI-shielded. Write for specifications.

Mincom Division SV

2049 South Barrington Avenue, Los Angeles, California ¢ 320 Shaw Road, South San Francisco, California * 529 Pennsylvania Building, 425 13th
Street, N.W., Washington, D.C. * 135 West 50th Street, New York, New York ¢ Post Office Box 272, Fairborn, Ohio » 1230 Orange Avenue,
Winter Park, Florida * 2121 Santa Anna Avenue, Dallas, Texas * Eltron Engineering Sales, Inc., 246 Walnut Street, Newtonville, Massachusetts
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Military Electronics

International shakedown

In July of this year, 24 British
sailors and two officers will board
the guided missile destroyer USS
Biddle to replace an equal number
of U.S. Navy personnel. Thus be-
gins a test run of the projected
multilateral force (MLF)—a fleet
of harmless-looking merchant ships
manned by a mixed crew of NATO
personnel, with Polaris-type mis-
siles tucked away below deck.

Other nations will follow the
British and, by December, 1964, of
the crew of 18 officers and 315 men
54% will be American and 46%
allied. Nations that have agreed to
put men on the Biddle so far are
West Germany, Greece, Turkey,
Italy, the Netherlands.

Togetherness.  Although the
equipment on the Biddle will not
be the same as that being con-
sidered for the MLF, it will pro-
vide operational experience with
complex weapon systems such as
the Asroc antisubmarine rocket and
the Tartar surface-to-air guided
missile; it will also provide a test
for how well the different nationali-
ties can live together—can Greeks
eat Italian spaghetti? can anyone
eat canned American spaghetti?;
and probably most important, it
will keep the MLF concept alive
while the Atlantic Alliance is going
through this current period of
stress and strain.

Plans for the MLF call for 25
merchant-type ships, each carry-
ing eight ballistic missiles. Cost of
the fleet would be close to $2.2
billion—40% of which the U.S.
would pay. The ships would prob-
ably be built in NATO countries
and the weapon system in the U.S.

There’s no official decision yet
on what weapon system the ships
will use. Of the two main con-
tenders—an advanced Polaris (A-
3) missile and the USAF-sponsored
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Mobile Mid-Range Ballistic Missile
(MMRBM)—the Polaris seems to
be winning by default. Congress
has cut the MMRBM program back
severely, and only its stellar-inertial
guidance seems sure to survive.

Ideal for wanderers. The guid-
ance system, which actually was a
going project before the missile
was even begun, could be used on
any missile chosen for the MLF—
even the Polaris A-3—if it is opera-
tional in time. A stellar system is
ideal for a wandering fleet such as
the MLF, and could eliminate the
need for expensive shipboard navi-
gation such as the Ships Inertial
Navigation System (SINS) used on
Polaris submarines. With a stellar-
inertial system in the missile, the
ship would not need to know its
own position so precisely. Right
after launch, the missile would take
a fix on the stars, determine its own
position, and calculate a trajectory
to the target.

While the MLF is a panacea for
some, it is an absurdity to others.
The reactions to the concept are
so widely divergent that it may
never come into being. More than
being controversial, it is a sea-
borne Rorschach test. Everyone
sees in it his own hopes or fears.

How they see it. Admiral Claude
Ricketts, Vice Chief of Naval Op-
erations, sees the MLF as a logical
extension of NATO. The Johnson
administration sees it as a way to

The decks of the USS Biddle will be
the proving ground for a proposed
multilateral—and multilingual—force.

discourage proliferation of nuclear
weapons—which it failed to ac-
complish with France. Germany
sees it as a way to share nuclear
power. Britain dislikes it, and
Labor Party leader Harold Wilson
says he would agree to it only if
it were the sole way to keep Ger-
many from becoming a nuclear
power (which Germany could be
by going in with France).

Polaris missile contractors may
one day get brand new business
from this $2.2 billion plan. On the
other hand, they may not.

The 30-mile zone

The Navy has found a way to dou-
ble the range of its electronic
“eyes.” A sonar “alert ring” now
can be extended to a radius of
about 30 nautical miles around a
transmitting ship. The previous
limit was 15 miles. When a surface
ship or submarine crosses the cir-
cle, the transmitting ship detects
it and can launch a weapon against
it.

The widened range is a result of
the Navy’s conquest of the conver-
gence zone—a sound channel deep
in the sea. The Navy has learned to
bounce a signal off the channel to
the surface. The technique is like
over-the-horizon radar turned up-
side-down and used under water.

The phenomenon is a result of
action by two conflicting forces—
temperature and pressure—on the
sonar signal in water. Increasing
cold deflects a signal downward,
while increasing pressure bends it
upward. Both cold and pressure
increase with depth, so both
forces act on the signal. For the
first 2,500 feet, however, the force
exerted by the increasing cold is
stronger than that caused by the
pressure; hence the signal keeps
going down. Below 2500 feet,
where the sound channel begins—
it ends at 15,000 feet—the temper-
ature is quite constant but the
pressure continues to increase.
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Consequently, the upward force
predominates and sends the signal
to the surface. Because of the near-
horizontal angle at which the ini-
tial sonar signal is transmitted, the
signal ends up on the surface again
approximately 30 nautical miles
from the transmitting ship. If it
meets a reflecting surface, the sig-
nal will bounce back along the
same route, down to the sound
channel and then up to the sending
ship’s receiver.

The AN/SQS-26 sonar also can
bounce signals off the ocean bot-
tom when operated at a steeper
angle. Although the Navy won’t
say, it seems logical that if one-
bounce convergence-zone sonar is
good, two bounces would be bet-
ter. If the Navy does come up with
a sonar that works at 60 miles, a

follow-on weapon would be
needed.
Business at sea

Navy’s new Instrumentation Ship
Project Office has made two im-
portant innovations in contracting.
® For the first time, Navy will
name an electronics company as
prime contractor for a ship-con-
version program. The contract will
be in the $100-million range.

® Bidders will not have to sub-
mit costly technical proposals—a
thankless task for the losers. 18
Navy engineers are preparing the
specs.

Capt. Alex F. Hancock heads the
new office which is under the Chief
of Naval Materiel, and is adminis-
tratively located in and supported
by the Bureau of Ships. The project
office will equip and check out all
instrumentation ships in support of
all Defense Department and civil-
ian space agency (NASA) tracking
needs.

In the new missile-range chain
of command, users of the Atlantic
Missile Range and parts of the
Pacific Missile Range will submit
program requirements for ships,
aircraft and land equipment to the
National Range Division (NRD) of
the Air Force Systems Command.
If ship equipment is needed, and
NRD doesn’t have it, NRD will ask
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Capt. Hancock’s office to get it and
install it. The Military Sea Trans-
port Service will man and operate
the ships. The range agencies will
schedule them and be responsible
for their instrumentation.

Good customer. The project of-
fice will be a big buyer for a long
time. There are now 17 instru-
mentation ships, and NRD wants
three more. They will be used for
tracking and data acquisition in the
Project Apollo lunar-landing pro-
gram. Two of the existing ships
will be extensively modified for
Apollo. On all the ships, old equip-
ment will continually give way to
new gear. New programs will un-
doubtedly call for new ships and
new gear in the future. (The project
office wasn’t formed in time to
handle the big uhf modification
on the second Atlantic Instrumen-
tation Range Ship, ARIS. Air Force
bought the equipment and BuShips
will install it. But there will be
more work in fiscal 1965 on the
ARIS ships and sizeable upgrad-
ing on the American Mariner.)

Sliced ships. The three new
ships for Apollo will be converted
T-2 tankers (the ships will be sliced
in two and a new midbody 374 feet
long will be inserted). One elec-
tronics prime contractor will de-
sign, fabricate, install and check
out the instrumentation and elec-
tronic systems for all three ships.

To save time and money for both
Navy and industry, Navy isn’t ask-
ing for technical proposals. Indus-
try will submit only methods and
management proposals, without
prices. Proposals, due April 6,
should tell how the bidder will
handle and coordinate electronic
and shipyard portions of the work.

Microelectronics

Minuteman by products

Makers of civilian equipment can
now buy the microcircuits that
guide the Minuteman missiles.
Last year the Autonetics division
of North American Aviation, Inc.,
ordered 140,000 microcircuits, and
this mass production was expected
to encourage a swing to microcir-

cuits for military and civilian use.

Now that expectation is being
put to the test. Texas Instruments
Incorporated of Dallas, which got
the lion’s share of that order, said
last week it would sell 18 types of
the circuits on the open market.

Autonetics is building the guid-
ance, control and checkout system
for the Air Force’s improved Min-
uteman, the first major military
system to go microelectronic. Auto-
netics is buying 23 kinds of semi-
conductor integrated circuits from
Texas Instruments, Westinghouse
Electric Corp. and the Radio Cor-
poration of America, mostly for the
missile’s airborne computer.

When the computers began com-
ing off Autonetics’ production line
last fall [Electronics, Nov. 1, 1963,
p 14], a big problem was the small
number of satisfactory circuits that
the suppliers could make.

Now Texas Instruments says it
has improved its yield, is meeting
Minuteman delivery requirements,
and can produce extra circuits on
the same lines to the same specifi-
cations. Autonetics gave Texas In-
struments the OK and Air Force
didn’t object.

Tl stole a march on Westing-
house and RCA. Westinghouse is
now charging along the same path.
It is also producing a surplus of
Minuteman circuits—the surplus
may soon be 50%. The open market
would be a good outlet for slightly
modified circuits that don’t meet
Minuteman’s rigid requirements.
Westinghouse makes 17 circuits.

RCA recently slipped several
Minuteman-type devices into its
catalog.

Texas Instruments expects most
of its sales to be to military-equip-
ment companies. The circuits now
cost $22 to $165, steep for most
commercial applications. Even so,
a lot of customers have been mak-
ing inquiries. With the new line,
75% or more of a military-type,
general-purpose computer can be
built. Autonetics is using them in
its own Monica ] aerospace com-
puter.

The specifications, incidentally,
are Autonetics’, too. The Air Force
hasn’t any specs for integrated cir-
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Minuteman units. These are the demodulator-chopper (A), a general-purpose amplifier (b) and matrix switch (c) that
Autonetics designed for the improved Minuteman missile

cuits. That will be remedied soon.
Autonetics is drafting military
specs under an Air Force contract.

Texas Instruments’ new line is
based on diode-transistor logic.
There are input and output gates,
memory reading and writing units,
a flip-flop and four NAND gates as
the logic circuits. The linear cir-
cuits are a demodulator chopper,
driver switch and four units that
can be used as operational ampli-
fiers.

Industrial electronics

Automation vs. antitrust

The United Mine Workers plan to
appeal to the U.S. Supreme Court
a lower court’s ruling that is bound
to have a profound effect on the
$400 million controls market.

The issue goes back to the 1950’s
when John L. Lewis, the union’s
president at the time, agreed to let
the coal-mine owners automate.
The owners eliminated 70% of the
mining jobs and the remaining
UMW men received higher pay
and benefits. But the small mines
could afford neither the auto-
matically controlled equipment nor
the higher pay scale. One company,
Phillips Brothers, brought an anti-
trust suit against the UMW in a
U.S. District Court in Knoxville,
Tenn., and won in 1961.

The court held that the union
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and the big companies could not
“conspire” to spur automation and
thus squeeze the smaller coal com-
panies out of the industry. On Dec.
18, the U.S. Sixth Circuit Court of
Appeals in Cincinnati again de-
cided (Pennington vs. United Mine
Workers) in favor of Phillips.

Whatever the Supreme Court de-
cides, there’s trouble ahead. Most
industries  today—steel, glass,
chemicals and shipping, to men-
tion a few—face what coal did in
the 1950’s. They are in highly com-
petitive markets and look hopefully
to automation for some solutions.
But Pennington vs. UMW will
make them stop and reexamine
their plans.

Little interest aroused. Despite
its implications, the case has re-
ceived remarkably little attention.
Only the unions seem to be follow-
ing it closely.

Several questions immediately
arise. At what point is it a con-
spiracy to bargain collectively over
new machines and methods? Does
the trend to continuous union-em-
ployer study groups lay both sides
open to charges of monopoly or re-
straint of trade? Must unions al-
ways object to automation just to
prove they are not conspiring? Is
automation making antitrust laws
obsolete?

The government has a big stake
in the outcome, too. If Phillips is
upheld, the Justice Department

may find it impractical to try to
stem automation by intervening in
the execution of a labor contract.
But if the agency refuses to do so,
its decision will be an invitation for
a political charge that big govern-
ment always sides with big com-
panies and big unions.

Exit computers

One of the most backward indus-
tries, when it comes to automatic
process control, has just greased a
couple of skids for computer proc-
ess control. And computer firms on
both coasts are worried.

The New England-based Fitch-
burg Paper Co. has discontinued
operation of its IBM 1710 process
system. That makes the third such
discard in less than a year. (Two
systems have been discontinued
and delivery of another is report-
edly deferred.)

The main reason, said to be one
plaguing the entire industry, is in-
ability to program the papermaking
process.

The Fitchburg system was in-
stalled in August, 1962. After 18
months, the system was thought
ready to go on-line, closed-loop, to
measure basis weight (the weight
of a sheet of paper 3,000 ft. long,
the basis of all paper selling and
buying), but the axe fell first.

Feeling their way. Robert Walker
of Fitchburg's engineering team
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says it was programming trouble.
“It [the paper process] is a more
complex problem than we had
hoped it to be. The mathematical
model of our process is extremely
complex. We haven’t been able to
program all the actions of the peo-
ple working on the machines.
There are too many variables con-
trolled by feel, a sense of touch
resulting from years of experi-
ence.” And, he added, “papermak-
ing is far from a pure science, still
mainly an art, depending to a large
extent on the skills of experienced
operators.”

Programming difficulty (which
an IBM spokesman says is no prob-
lem at all) seems to be only one
of many. Economics, company poli-
tics and, of all things, the cost of
controlling air pollution are re-
ported to be large factors.

What good is it? Last year, just
about the time the Health, Educa-
tion and Welfare Department con-
cluded a report blaming Potlatch
Forest Industries, Inc. of Lewiston,
Idaho, for the highly corrosive air
over that city, the paper mill
stopped using its 1710 system. But
William Gray, Potlatch’s executive
vice president, said the reason for
scrapping the process computer
was the lack of accurate, reliable
instrumentation.

“For us, using a process com-
puter now, at a time when our fa-
cilities and instrumentation need so
much updating is like giving a
three-year-old a chronometer—
what good is it to him, what good
does it do for him?P” says Gray.

Potlatch is reported to be spend-
ing over $1 million in extensive
modernization and instrumentation
—and say they plan to use an IBM
system again in about a year, open
loop, to gather data on the effi-
ciency of their modernized process.
Then, according to Gray, the com-
pany will “resume pulp and paper-
making under control of IBM’s
equipment.”

Fitchburg, which was recently
acquired by Litton Industries, is
another case. George R. Wallace,
III, Fitchburg’s new president,
wrote in an interdepartment memo
that . . . a review of the installa-

28

tion reveals that it does not now,
nor can it be expected in the near
future, to provide a return on our
investment. Management therefore
concludes that further use of a
process control computer must
await a higher state of develop-
ment in the computer art. We are
therefore discontinuing use of our
process computer.”

No comments. For some time
IBM has been operating a pilot
paper mill at its Yorktown Heights,
N.Y. research center, using it to
find solutions to the problem of
instrumenting the papermaking
process. The company has refused
to comment on the action of the
paper mills except to say that “re-
moval of the 1710 is not due to
failure of the machine to perform
but for other considerations.”

Whatever the other considera-
tions, process computer manufac-
turers on both coasts are depressed.
They have expressed off-the-record
apprehension that the Fitchburg
development may push the paper
industry back five or more years in
its acceptance of the computer as
a useful tool.

Components

Big hopes, small diodes

The Hughes Aircraft Co. is so sure
that its new microglass diode will
be the ultimate in microminiature
components that the company is
boosting its production capacity to
a million a week and hoping for
further increases.

The diodes—there are 10 types
with ratings up to 100 volts and
300 milliamperes—are being shown
for the first time today at the IEEE

Show. Dr. Dietrich A. Jenny, man-
ager of Hughes” Semiconductor di-
vision, thinks the diodes (photo)
are the last word in discrete com-
ponents—the most sophisticated of
the conventional diodes.

Each diode is a chunk of glass
and metal only 60 mils in diameter
and 30 mils high. A diffused-junc-
tion silicon die 20 mils square is
sealed hermetically inside. The die
is bonded to a wide-area silver con-
tact. The diode is sealed twice,
once by a glass-to-silicon seal, then
into the glass pellet.

Discrete move

The Westinghouse Electric Corp.
is betting on a glass capacitor to
help the company grab a chunk of
the market in high-reliability dis-
crete components.

Despite the threat of competition
from  microcircuit  technology,
Westinghouse has been quietly ac-
quiring know-how in these discrete
components designed for use in
missile and airborne computers,
guidance systems and communica-
tions gear. Its researchers have
long since solved the problem of
hermetically sealing plates, leads
and contacts into glass.

It may be significant that Wes-
tinghouse has hired at least two
former employees of the Corning
Glass Works, which, with Vitra-
mon, Inc., of Bridgeport, Conn.,
dominates the field of high-priced,
high-reliability glass capacitors.

J. Peter Hegg, who came to
Westinghouse last year after three
years at Corning, is product man-
ager of the capacitor division.
Robert Randell, who worked on ca-
pacitors for five years at Corning,
insists that he has had only the
slightest connection with the West-
inghouse glass capacitor.

The quality capacitors made by
Corning and Vitramon are pro-
duced to military specification
MIL-C 11-272B, which lists both
companies’ products on its “quali-
fied” list. But in practice Corning
is the sole source for capacitors of
the CY10, CY15, CY20 and CY30
types. At least two big manufac-
turers of original equipment want
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*X Potentiometric Voltmeter Bridge

The Model 300 ESI Portametric PVB traces
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a second source of the capacitors.
And that seems to be the role Wes-
tinghouse intends to fill.

Microwave

Self-pointing antenna

An experimental X-band antenna
at the research facility of Elec-
tronic Communications, Inc. in
Timonium, Md., may point the way
to more efficient and versatile
tracking and communications sys-
tems. It reverses an incoming sig-
nal so it goes back to exactly where
it came from, despite disturbances
in the atmosphere.

ECI's Merrill 1. Skolnik and
Donald D. King, who are develop-
ing the array, think it may make
feasible the wireless transmission
of r-f power from, say, earth to an
orbiting space platform. The sys-
tem would work like this: once a
low-power pilot signal has linked
the ground transmitter and the
space vehicle, the signal is ampli-
fied and retransmitted as coherent
r-f power to the receiver in the
space vehicle.

The antenna is a self-phasing ar-
ray of 64 horn elements that react
to a received signal from a commu-
nications transmitter, radar beacon
or radar target. If the target is mov-
ing, the array doesn’t need the
usual tracking information to fol-
low it—the beam that it transmits
follows the target’s position auto-
matically. Conventional phased-
array radars require external phase
control of the antenna elements to
move the beam.

In some respects, the self-phas-
ing array is like the antennas that
adapt to changes in the tropo-
sphere. However, those antennas
only receive signals, while the new
array can both send and receive.

The array is arranged as a large
aperture, divided into 64 subaper-
tures, or horn antennas, arranged
to allow any desired array configu-
ration. To each subaperture is con-
nected a network that reverses the
phase of any signal received, by
performing a conjugate operation.
Each of the 64 subapertures then
retransmits the reversed signals,
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Putting bigger horns on the little horn
radiators improves concentration of the
radiated r-f power

which add coherently to one re-
versed signal.

Analysis of the array shows that
the signal from each subaperture
is independent of the transit time
between target and receiver. As a
result, perturbations of the propa-
gation medium, which affect micro-
wave and troposcatter systems, do
not affect this system.

Development work on the an-
tenna has been sponsored by the
Air Force’s Rome Air Development
Center, Rome, N. Y.

Employment

Shifting patterns

Despite some curtailment of mili-
tary orders, electronics continues
to be a growth industry and a good
job market.

Government business is spread
thinner and, in some cases, shifted
back and forth between companies
and between areas of the country.

Many defense contracts ended
last year in Southern California.
Since then, one big new order after
another has gone East or down to
Texas, raising complaints of politi-
cal favoritism. With some 360,000
workers around Los Angeles de-
pending on government aircraft,
missile and electronics work, the
pinching off of big contracts hurts.
Companies are wary of stockpiling
employees in anticipation of con-
tracts, and some concerns have
now begun to break up their

research-and-development teams.

Yet few experienced engineers
are out of work, especially those
willing to go where the contracts
are. But more often than before,
an engineer—particularly a junior
engineer—must settle for less than
he hoped for in a new job. A drift-
ing of engineers to the Southwest
has reduced some of the pressure
on the West Coast.

Up the coast from Los Angeles,
the situation is less critical. The
majority of contractors around San
Francisco are trying to do their
paring back by attrition—by not
filling vacancies as they occur. On
the plus side, the western plants
of the Electronic Systems division
of Sylvania Electric Products, Inc.,
are going so strong on the Minute-
man missile and on other military
equipment that they have in-
creased their employment by 60%
to 4,500. Semiconductor companies,
especially a group of makers of in-
tegrated circuits, are also hiring
strongly.

At the Boeing Aircraft Co. in
Seattle, cancellation of the Dyna-
Soar space project cost 105 out of
1,404 electronics engineers their
jobs last December. Most seem to
have gotten jobs out of the area.

A surplus of average-ability en-
gineers is reported in New Eng-
land, where the electronics indus-
try has had troubles for the past
few years. The largest employer,
the Raytheon Co., had 43,000 em-

ployees in 1962, but that figure has

dwindled to 32,000. Some com-
panies have been hiring, but em-
ployment is generally down.

New England has not been get-
ting big contracts, nor has it been
getting enough of the subcontracts
that are so important to its com-
panies that specialize in research
and development. Some NASA
subcontracts are starting to trickle
in, and an upswing in this busi-
ness is anticipated when the new
NASA Electronics Research Center
goes into operation.

Business remains good in the
Southwest and in Florida. Both
areas have been doing well. Texas
aircraft companies have won two
huge military aircraft contracts, the
TFX (F-111) and VAL. NASA’s
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Solder?

Solderlessly? Why not! It's the logical answer for
shielded wire connections. There’'s no need to
solder, ever,whenyou use A-MP* TERMASHIELD*
ferrules and splices! Our quick-crimp technique
with matched tooling does the job better, in less
time and at lowest possible installed cost.

You don't have to put up with burned insulation,
hit and miss braid connections, damaged primary
conductor, cold solder joints and all the variables
which plague your production with costly rejects.
Our matched tooling concept means tool and
ferrule or splice are made for each other . . . per-
fectlymatched witha precision that extends to com-
plete bottoming of the crimping dies. Under such
controlled pressures you're assured identically
terminated connections, precisely the same in ap-
pearanceand performance...inlimitlessnumbers.

You'll find our TERMASHIELD product line broad
enough to cover every need for ferrules and
splices: un-insulated, pre-insulated and post-

Solderless.

Solderlessly!

insulated ferrules, heat resistant ferrules and
specially designed pre-insulated ferrules for
printed circuit application. Splices include un-
insulated, pre-insulated and post-insulated types
and also a post-insulated multiple conductor
splice. Both ferrules and splices are available in
sizes to cover diameters of most commonly used
shielded and coaxial cables. Color coded.

Want to increase production, insure reliability,
and lower installed cost? Start now, by writing for
complete information today.

*Trademark of AMP INCORPORATED

R TR T s e S R T A A
I I INDUSTRIAL I
| | SALES |
| INCORPORATED | [,son |
! Harrisburg, Pennsylvania ! JI

A-MP* products and i ing i are through idiary in:
Australia @ Canada e England e France e Holland e Italy e Japan e Mexico ¢ West Germany

Visit us at the IEEE Show Booths 2527-2531 and 2438 March 23-25
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Manned Space Center in Houston
and the Kennedy Space Center in
Florida are both sources of em-
ployment. Cape Kennedy, in fact,
is recruiting across the country to
fill about 150 engineering positions.

The Midwest and the Mid-Atlan-
tic regions are in pretty good
shape. The industry is well diversi-
fied in these areas, and the general
upturn in electronics business off-
sets the slowdown in government
orders—except for a few pockets
like Long Island. Mid-west com-
panies in particular are no longer
so chagrined at being left out of
many of the government’s ad-
vanced R&D projects. Their main
military stock in trade is conven-
tional, tactical equipment, and this
kind of gear in demand today.

Computers

Whistle while you work

Among the strange sounds at the
national political conventions this
summer may be two-tone whistles
emanating from telephone booths
in the press section. They’d be com-
ing from a new electronic device
designed to speed stories from the
reporter to a typesetting machine
many miles away.

The producer, the Digitronics
Corp. of Albertson, N.Y., calls the
system Data-Verter. It enables the
reporter to write his story on a
typewriter with special innards,
then transmit it by telephone to a
computer that punches a tape
which runs a typesetting machine.

The typewriter’s keys open shut-
ters. Each shutter is flanked by a
permanent magnet and magnetic
tape. As each key is released, the
magnet sweeps across the shutters
and, through those that are open,
the letters are recorded as magne-
tized spots on the tape. Closed
shutters shield the tape from mag-
netism.

The taped story is then taken to
a transmitter that converts the
spots to audible whistles—one tone
where there is a spot on the tape,
another tone for no spot. The trans-
mitter whistles its tune through a
loudspeaker into a standard tele-
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phone. At the newspaper office, the
incoming whistles are translated
back into machine language.

The missing link. Digitronics ex-
pects a reporter for at least one
newspaper to use the Data-Verter
at the conventions. The company
calls the development “the last link
in data-process applications,” a
simple, portable field input. Five
models will soon be field-tested.
Production and deliveries are
scheduled this fall.

Other customers include food
companies, trading-stamp concerns
and a railroad.

A model for salesmen contains a
roll of nonmagnetic material on
which are printed the items for
sale. These items are also repre-
sented by coded perforations on
the roll. By turning a knob, the
salesman can bring the printed in-
formation into a viewing slot, in
line with its punch-code counter-
part. He can adjust the knob to
print, with eight type-wheels, vari-
able information such as order size.

At the end of the day, the sales-
man takes his portable transmitter
to a telephone, where the transmit-
ter “reads” the tape into the phone
at 400 to 500 words a minute.

Some applications require bat-
tery power. In recording work time
and attendance from employee

badges or time cards, for example,
the cards’ thickness prevents the
permanent magnet from getting
close enough to the tape. A more
powerful electromagnet is needed.

Inventory-taking. Viewing slots show
what is being recorded by the Data-
Verter.

Solid-State

Junction problem solved

Texas Instruments Incorporated is
all set to produce planar germa-
nium transistors. Their one-giga-
cycle “prototype” unit, the G-3032,
will be shown at the IEEE show
this week and visitors will learn
that 4-Gc units have been pro-
duced successfully and that high
frequency “custom” units can be
ordered.

The development is seen as a
major technological breakthrough;
one that could expand existing
transistor frequency barriers and
help open up the consumer market
for germanium devices.

Advantages. Germanium is in-
herently capable of higher fre-
quency operation than silicon and
the ability to manufacture transis-
tors in planar form enhances this
high-frequency capability. It al-
lows wusing photographic tech-
niques which permit more pre-
cisely controlled junction areas
than can be made with germanium
mesa transistors.

K. B. Landress, project engineer
at Texas Instruments, isn’t talking
much about the new technique
which calls for depositing a silicon
dioxide film on germanium; this is
combined with various processing
to produce a planar collector-base
junction with good reverse charac-
teristics. “We got lucky in a few
places,” he says, “and we figured a
way out of problems in others.”

Longer Life. Landress heads a
14-man group at Texas Instru-
ments that has been studying the
problem of producing planar ger-
manium for two years. “When we
started, people were saying silicon
was going to run germanium out
of the semiconductor business. I
think we have something now that
will extend germanium’s life for
no telling how many years.”

Right now Landress’ group is
handling orders. On a “crash”
basis it can turn out several hun-
dred a week. “Somebody would
have to make a decision if we got
any big orders,” said one Texas In-
struments spokesman.

Electronics | March 23, 1964



PHILCO’S FIRST MICROELECTRONIC LINE!

A COMPLETE FAMILY OF COMPATIBLE, INTEGRATED LOGIC BUILDING
BLOCKS NOW AVAILABLE FOR IMMEDIATE OFF-THE-SHELF DELIVERY
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PL 906 PLO14 PL 915

PL 800 PL 801 PL 902 PL 903 PL 904 PL 905 T PL 907 AL TWO-INPUT | DUAL THREE-INPUT
BUFFER COUNTER ADAPTER FLIP-FLOP THREE-INPUT GATE HALF ADDER HALF SHIFT REGISTER l(ic/hfﬂs(mﬂ,mﬁ[g FOUR-INPUT GATE ey GATE GATE
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Now, designers can specify Philco Micrologic elements and be sure of immediate

availability, Philco quality and dependability. Ten compatible,

integrated

logic building

blocks, manufactured using the Planar Epitaxial Process through a cross-licensing agreement
with Fairchild Camera and Instrument Corporation are now available. Eliminate interchange-
ability problems—buy Philco Micrologic. Available off-the-shelf in TO5. For complete speci-
fications and application data, write Department E-32364.

MICROELECTRONICS OPERATION

A SUBSIDIARY OF
LANSDALE DIVISION, LANSDALE, PA.
[n Canada: Don Mills Road, Don Mills, Ontario, Canada
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HOW 10 MAKE A “COMPACT” INSTRUMENTATION CABLE

To any engineer who has ever tried to
design a 114" instrumentation cable into
a 1” space, Rome-Alcoa dedicates this

new, “compact” component insulation.

The material that makes this new in-
sulation possible is colored Heat Seal-
able Mylar* polyester film.

We wrap two spiral layers directly
over the shielding braid of the individ-
ual component...thus replacing thicker,
extruded insulations of polyethylene or
polyvinyl chloride.

Besides the obvious advantages of
significantly smaller cable diameters and
lighter weight, this new material offers
the additional advantages of high
dielectric strength, moisture resistance
and excellent mechanical protection.
Because of the reduced build-up of a
cable component, longer, continuous,
unspliced lengths of finished cable may
be possible.

HOW IT'S MADE Each of the Mylar layers
is coated on one side with polyethylene.
The first layer is spiral-wound over the
shielding braid with the polyethylene
side facing outward. The second layer
is spiral-wound over the first with the
polyethylene side facing inward.

The component is then heated to a
temperature high enough to fuse the
adjacent coatings into one homogene-
ous polyethylene layer. This bonds both
Mylar layers into one tough, flexible,
waterproof lamination to give mechan-
ical protection inside and out.

INSULATION QUALITIES The Mylar insula-
tion is at least as reliable as extruded
plastics, with these added benefits—it
reduces the chances of “pinholes”—it is
lighter—it gives the finished cable a
smaller diameter — it is more flexible
than extruded insulations and is there-
fore easier to work with.
Mylar-wound insulation has electri-
cal properties superior to nylon and
approximately equal to PVC and poly-
ethylene. It has greater resistance to
electrical breakdown than any of the

extruded plastics. For example, typical

*5U PONT REGISTERED TRADEMARK

34 CIRCLE 34 ON READER SERVICE CARD

P skl

-5

P B e e EH

—

&
b
13
&
*

A

tests have shown dielectric strength
breakdown voltages of 4000 volts/mil
as compared to 800 volts/mil for poly-
ethylene.

One of the most significant charac-
teristics of Heat Sealable Mylar poly-
ester film is its excellent resistance to
cut-through and abrasion. Mylar has
been shown to resist cut-through better
than PVC extrusions having three to
four times the Mylar thickness.

WHERE TO APPLY IT To the user of instru-
mentation cable, this new Rome-Alcoa
product means a wider range of com-
ponent insulating materials available
for selecting the precise cable construc-
tion you need.

In some cases—notably where either
small diameter, lighter weight or longer
lengths of unspliced cable are vital—
we recommend Mylar-wound shield
isolation. In others, we may recom-
mend other standard materials.

ASK THE EXPERTS The increasing com-
plexity of instrumentation cable and
the choice of insulation materials avail-
able to you make it more necessary than
ever to go to an authority on instrumen-
tation cable. You can help protect the
functioning of your system by having
instrumentation cable designed and
constructed by experts.

Rome-Alcoa is, frankly, one of the
few companies that qualify. We’ve been
designing and constructing these cables
since their conception. If you're going
to need instrumentation cable soon, call
us. As a starter, send for our 24-page
booklet entitled, “Instrumentation
Cables, Cable Assemblies and Hook-up
Wires.” In it, we describe instrumenta-
tion cable constructions, cable produc-
tion, military specifications, and our
qualifications. For your copy, write
Rome Cable Division of Alcoa, Dept.
27-34 Rome, N. Y.

ALCDA
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Who has the power at Thiokol?

Thiokol solid fuels power the nation’s top
missiles. Thiokol motors power manned air-
-1 to the X-15, Thiokol is

also a power in synthetic rubber, sealants,

craft from the

metal-working, and many other fields.

When you’re selling a product or service to
y I

a company where diversification is a way of

life—how do you know where the buying
power lies?

1 rsification at Thiokol,” says President
J. W. Crosby, “also means diversification of
responsibilities, including purchasing. To
solve problems in the areas, we rely on
the experience and advice of our manage-
ment executives.”

But few salesmen have the power to see
busy top executives. So how do you get
your selling story told?

Try this: the pages of Business WEEK. Tt
goes directly to many of the most powerful
decision-makers in business and industr
It’s read at all the decision le

/ >xample? At Thiokol Chemical Corpo-
ration, Business WEEK subscribers include
the President, District Managers, Project
Managers, Operations Managers, Sales
Managers, Engineers, Supervisors. 140
management subscribers in all.
Throughout the business world, there are
over 400,000 Business WEEK subscribers,

Mr. Crosby does: “We

have to be intimately aware of new devel-

who feel the way

opments in engineering, design, material,
and services. We need information on
what’s new and what’s best.”” That’s the

function of this magazine:

sBUsSs)
WEEK ESS
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Sell at f;e deci;iohr Iével
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NEW FROM DIGITAL—A COMPLETE FAMILY OF
LOWER COST 10 MC SILICON CIRCUIT MODULES

Digital’s new 6000 Series
Silicon System Modules pro-
vide the logical designer a
wide choice of high reliabil-
ity 10 megacycle circuit mod-
ules at prices up to one-third
lower than previously avail-
able germanium modules.

Included in the series are
over 30 different circuits
with all silicon semiconduc-
tors. The new units are elec-
trically compatible with
modules in Digital’s 500 kilo-
cycle and 5 megacycle lines
and mechanically compatible
with standard Digital acces-
sory equipment. All are
packaged in convenient, plug-
in form suitable for circuit

development or systems con-
struction, and all incorporate
the many quality features
which have made Digital
Modules famous for long,
trouble-free performance.

Currently available for imme-
diate delivery from stock are:

7 types of inverters

9 types of diode gates

4 types of flip-flops

3 types of delays

2 types of clocks

2 types of pulse amplifiers
1 bus driver

3 types of decoders

Accessories for use with
6000 Series Modules include

36 CIRCLE 36 ON READER SERVICE CARD

the new Type 1935 Mounting
Panel and a selection of
power supplies ranging from
the low-cost Type 782 to the
heavy-duty Type 783.

For complete technical data,
request Bulletin C-6010.

EQUIPMENT
CORPORATION

MAYNARD, MASSACHUSETTS

Los Angeles « Palo Alto « Park
Ridge, Ill. » Washington, D.C. «
Parsippany, N.J. * Monroeville,
Pa. « Ottawa, Canada * Munich,
Germany ¢ Sydney, Australia
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Fairchild Controls’
Industrial Potentiometers
Can Save You 20%

FAIRCHILD'S NEW LINE GUARANTEES HIGHEST QUALITY
AND CUTS THE HIGH COST OF POTENTIOMETERS

Faced with the problem of high cost for
high performance? The FAIRCON line
offers a new high level of precision for
industry—bridging the gap between low
quality commercial grades and ultra

sophisticated MIL spec potentiometers.

Top Performance Plus
Substantial Savings Too

Check the FAIRCON LIN-Chart
below. The white band in the chart indi-

LIN-CHART FOR FAIRCON F200 POTENTIOMETER

STND.0.35%
SPEC.£0.25%
130K

STANDARD LINEARITY =0.25%

SPECIAL
+0,16%

100K

50K

20K

10K

STANDARD RESISTANCE VALUES (OHMS)
o
x

2K

1K

.09 .08 .07

.06

.05 .04 .03

RESOLUTION
Chart and specifications for complete FAIRCON line available on request.
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See Us at IEEE Show—Booth 2902

cates the standard high linearity avail-
able in the FAIRCON F200 two-inch,
single-turn potentiometer. If your
requirements fall within this broad
range, you can save UP TO 20% over
the complete MIL spec unit you may
now be using. Similar savings (and
precision) are available throughout the
entire FAIRCON line of single-turn
and multi-turn potentiometers.

You save money with Fairchild GUAR-
ANTEED quality and performance —
and with quality potentiometers espe-
cially engineered and manufactured for
large volume industrial applications.
Whatever your control problems...
computing...instrumentation...process
control...communications. .. involving
potentiometers, send us your require-
ments, blueprints and specifications for
prompt appraisal and quotations. FAIR-
CON for quality...at a price commen-
surate with overall system cost.

Similar Savings on Trimmers
You can save with volume require-
ments for industrial trimmers too.
Check Fairchild Controls’ prices on
new FAIRCON trimmers.

FAIRCI

C(Dl\l_l_l:(:)

A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION

225 PARK AVENUE, HICKSVILLE, L.1., NEW YORK
TELEPHONE: (516) WE 8-5600. TWX: 516 433-9146
CABLE: FAIRCON-HICKSVILLE, NEW YORK, U.S.A.
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HIGHEST PERFORMANCE
SMALLEST PACKAGE

INIATURE SILICON REGTIFIER

IN STOCK!

SEE IR'S “GLIMPSE OF THE FUTURE"” AT THE IEEE SHOW
BOOTHS 2633-35-37

TR’
[ 4

LEE, NEW JERSEY, WINDSOR 7-3311 » SYRACUSE, NEW YORK, HEMPSTEAD
7-8395 AN, LINCOLN 81144
ST. Lou! E.. VICTORIA 93571

RING 4.0748 + FORT
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Electronics tariffs
face axe at Geneva

Nike X decision
due after tests

NASA looks
past Apollo

Electronics | March 23, 1964

Washington Newsletter

March 23, 1964

After nearly four months, the Tariff Commission and the Trade Informa-
tion Committee (TIC), are winding up the hearings they have held in
preparation for the so-called Kennedy round of trade negotiations, to
open May 4 in Geneva. The trade talks will be in the 57-nation General
Agreement on Tariffs and Trade (GATT).

Next step is a crucial decision by President Johnson on what items, if
any, the U.S. wishes to except from the bargaining. (Aim of the bargain-
ing is tariff cuts up to 50 percent on industrial goods.) Sometime in June,
the nations will exchange these “exceptions lists.” Last week, the Elec-
tronic Industries Association, one of the final industry groups to testify,
urged the Commission to recommend the exception of electronic con-
sumer products, tubes, and basic parts for consumer, commercial and in-
dustrial electronic products. The Commission has heard hundreds of such
pleas for a place on the exception list. Basically, the Administration is
determined to make as few exceptions as possible, in order to bargain at
Geneva over the widest possible range.

At this stage, chemicals, woolens and cotton textiles, shoes and
steel appear to have the best chance of making the exceptions list, if
Johnson agrees to any exceptions at all. The President will make the
determinations on the basis of a complex of political, economic and diplo-
matic considerations. It is likely that he will want U.S. negotiators pre-
pared to go to Geneva to talk tariff cuts in electronics, despite the forceful
arguments of EIA that imports of Japanese consumer electronics items
have badly hurt U.S. companies already.

Construction of a wide range of communication, navigation and com-
mand and control facilities is authorized in a new military construction
bill, expected to pass the House of Representatives this week. The bill,
already passed by the House Armed Services Committee, calls for $1.6
billion in new construction for the fiscal year starting July 1—$200 mil-
lion less than the Administration wanted.

Included is $32-million for development, test, operation and support
facilities at Kwajalein Island in the Pacific for the Nike X antimissile
missile system. On the basis of upcoming tests and evaluation the Defense
Department will decide late this year whether to order the Nike X into
production.

Space officials are starting to pick projects beyond the manned-lunar-
landing Apollo program, even though the first astronaut won't set foot on
the moon before 1970—if by then. The reason is that the National Aero-
nautics and Space Administration has been reasonably assured by Admin-
istration and Congressional leaders that the space budget from now on
will hold somewhere around the $5-billion to $5.5-billion level.

This means that NASA soon will have funds to start new projects.
Spending on the current manned-lunar-landing program that has been
running from $3 billion to $3.4 billion over the past year will begin to
taper off. Spending on current projects will begin to decline in fiscal 1966.
Spending will be down to about $3 billion by fiscal 1970.

NASA now wants to start an input of three new programs next year to
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take over when present programs begin to phase out. One is a lunar ex-
ploration program to follow the Apollo program. It calls for multiple
lunar landing with astronauts extending their time on the moon from
hours to weeks.

Next, NASA wants to get a manned orbiting space station in the near-
earth space environment. Since the Air Force has won the nod to develop
the initial manned orbiting laboratory (MOL), NASA officials are highly
sensitive about the possibility of being forced into a secondary role and
intend to push hard for its own manned space laboratory program.

The third major area that NASA is eyeing is earth-orbiting satellites
that would perform a variety of duties—data collectors from multiple
ground stations, beacons for navigation systems, and even as aids to air
traffic control. The interplanetary space exploration program won’t be
increased much above its present annual level of about $150 million, at
least for several years. A Mars expedition is still uncertain.

Hands off notice A House Armed Services Subcommittee is demanding that the Air Force

to scientists tighten up procurement regulations which govern research contract
awards. The subcommittee’s insistence grows out of an investigation into
a contract for basic research in energy conversion awarded to TYCO
Laboratories; Inc., of Waltham, Mass., by the Electronic Systems Division
(ESD) of the Air Force. The subcommittee charges that a scientist who
drew up the contract requirements for Cambridge Research Laboratories
succeeded in limiting negotiations so as to unduly favor TYCO over two
competitors.

The subcommittee recommends that the Air Force limit laboratory per-
sonnel participation in contract negotiations to scientific matters and in-
struct ESD procurement officers to exercise their full authority over con-
tract awards. It also says technical evaluations of research procurements
should be handled so as to “dispel the climate of favoritism . . . created by
the practice of laboratory personnel evaluating proposals responsive to
requirements they themselves generate.”

Clear disclosure of the possible expansion of a contract and its ultimate
estimated cost should be made to all bidders, and Washington approval
should be required where the contract wil leventually cost more than
authorized, the subcommittee thinks.

Senate huntsways Creation of a government-industry commission to recommend ways to
facilitate transfer of defense technology to civilian needs will probably

offset defense cuts be urged upon Congress by the Senate Manpower Subcommittee. The
subcommittee has held lengthy hearings on the problem of industry
adjustment to declines in military spending. Its report to the Senate will
be made soon. Other likely recommendations include a new look at patent
policy to make sure that optimum use is being made commercially of gov-
ernment-financed technology, and legislation to make sure that areas hit
by abrupt defense shifts can qualify for federal economic and training
assistance available under programs like Area Redevelopment.

ComSat award As expected, Hughes Aircraft Co. won the contract—worth $4 million to
$8 million—for the Communications Satellite Corp.’s “early bird” satel-
lite. It will go up in early 1965.
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The Simplified) Angle Countow
cppe VS multiple gears,

with one Geneva . Springs and shutters

-means twouble tree operation

The New Clifton Precision Angle Counters are extremely W (hence reliable),
Mt% cu. in.) &4 ‘ (1.5 0z.) and display //¢ WM

—in addition they are WW/M./

The CPPC Counter uses an extremely simple mechanism as compared to the
nested drums and complex gearing of other 360° counters.

The major contributing factor to simplicity and smaller size is the totally new
concept used in presenting the 10's and 100’s of degrees. Further details
of this concept are available upon request.

Due to the elimination of complex gearing, the Clifton counter has a more
normal spacing between numbers than other counters — thus requiring a
smaller instrument panel opening and providing easier reading.

In the CPPC Counter, the drive shaft is coupled directly to the units counting
wheel—hence backlash is eliminated. Shaft extension may be right,

left or both.

‘Rotation is reversible and continuous with clockwise rotation of the input
shaft extending right resulting in an increasing readout value.

Because the message units are captively supported and forcibly driven, these
angle counters operate in any attitude and are highly resistant to shock

and vibration.

SMALL QUANTITIES IMMEDIATELY AVAILABLE

For further information: Sales Dept. 5050 State Road, Drexel Hill,
Pennsylvania, 215 MA 2-1000, TWX 215 623-6068—or our Representatives.,
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PRIVATE LINE TO ANYONE
...ANYWHERE.. ANYTIME




MOTOROLA’S RADEM ™ concepts, being applied to the most important recent

advance in military communication systems...will carry many high-priority radio mes-
sages simultaneously in a single wideband frequency channel; maintain private-line

direct dialing without central exchanges or fixed nets; do this without interference

between concurrent messages transmitted from different locations within the system;

and perform these tasks with designs that lend themselves to the application of advanced,
integrated electronic circuitry. RADEM is one of the many major military and space

electronic programs in progress at Motorola. Scientists and engineers interested in join-
ing the men who are making basic contributions to both research and applications in

advanced electronics write today describing your background and experience in:

Systems Design e operational and functional systems analysis, economic analysis, optimum
time-bandwidth utilization, digital, voice and data communications, secure communications.

Advanced Equipment Design ¢ solid state receivers, transmitters and repeaters, digital
modems, digital data processing and display units, voice processing and reproduction equipment.
Familiarity with State-of-the-Artestatistical theory of communications, spread-spectrum
techniques,coding theory,integrated circuit applications,digital logic design,solid state RF circuit
techniques, auto correlation and cross correlation techniques.

We are particularly interested in programs on which your experience was obtained and the
extent of your technical responsibility. Please address this information to our Manager of Engi-
neering at the location of your choice for immediate and confidential attentior..

An equal opportunity employer

MOTOROLA m Military Electronics Division

CHICAGO 51, Illincis, 1450 North Cicero Avenue /SCOTTSDALE, Arizona, 8201 East McDowell Road
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diagramed above is the result
of 5 years of independent
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Are you ready for the best news
about digital timing equipment
prices since the day Oog & Goog

lowered prices on their original model notched stick? Price reductions of 8 to 30% have
been announced by the world’s most experienced developer of precision time-code
generators and related equipment. Engineering advances during 1963 and production
economies made possible by customer acceptance have resulted in substantial price
reductions in the following precision products...

In recording mode, generates

IRIG B format (modified to omit EECO 807 ATLANTIC
EECO 858 TIME CODE e o e srrence. | || MISSILE RANGE TIME
GENERATOR/READER In reproduce mode, reads out CODE GENERATOR

hours, minutes and seconds on
Nixie Tube display, provides
slow code for strip-chart
recorder, etc. Add-on 859 Auto-
matic Search Unit converts 858
into complete automatic search

Send for the new low price.

system for time-coded mag tape.

|

All three AMR codes produced
simultaneously. Both level-shift
and modulated plus auxiliary
pulse rates. Send for the new

EECO 811 TIME CODE
GENERATOR

Generates all four IRIG codes
simultaneously, or NASA or
AMR codes, or combination.
Extremely rugged, less than 40
pounds, Nixie-tube display,
frequency stability 5 x 10-s.
Send for the new low price.

EECO 880 VLF

RECEIVER/COMPARATOR

\
[
low price. J
]
[

All 181 channels at the flick of a
thumbwheel switch. Digitally
selects any frequency from 12.0
to 30.0 ke in 0.1 ke steps.
Optional 60 kc channel. New
narrower servo bandwidth
Includes strip-chart recorder.
Send for the new low price.

...and many other reductions resulting from advanced design in standard lines. Check
the types of items you are interested in...

(] TIME CODE GENERATORS [] AUTOMATIC SEARCH UNITS
[J TIME DISPLAY UNITS [J MANUAL SEARCH EQUIPMENT
[1 VLF RECEIVER [[] NEON DISTRIBUTION AMPLIFIER

...and send this ad to EECO, Mail Station 1220, Box 58, Santa Ana, California 92702.

ELECTRONIC ENGINEERING COMPANY

EE 3-82 of California
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SHOWN ACTUAL SIZE

Consider the source...

and you’ll consider these advanced new source followers

CEC’s Type 1-304 Source Followers
represent a major breakthrough in the
field of signal conditioning for piezo-
electric accelerometers. -

These miniature, solid-state impedance
matching devices measure only %4 cubic
inch, weigh less than 16 grams, and
consume power at a rate as low as 1.2
ma nominal at 22v. Yet their reliability
and operational characteristics are
truly outstanding. High input imped-
ance is over 500 megohms, output
impedance is as low as 15 ohms, near-
unity gain is 0.98 nominal, and frequency
response spans 0.65 to 10,000 cps.

Other advantages include...
= Lowest noise level yet achieved.

s No ringing from overload or other
causes.

= Only 0.3 seconds to warmup.

m Completely stable, even under
extreme environmental conditions.

= Readily available from inventory.

The 1-304 family is composed of three
distinctly different source followers,
thus meeting the needs of virtually
every application.

1-304-0001 is a basic source follower
capable of readout directly into a
frequency counter or oscilloscope. Pri-
marily intended for rocket test stands,
it replaces more costly emitter-follow-
ers—at 1 their noise level.

1-304-0002 is a source follower com-
bined with an augmenter for use where
extremely long output cables are
required.

1-304-0003 is a source follower incor-
porating a +2.5 volt bias and voltage
limiter for telemetry use. The limiter
assures that the signal will remain
within limits by squaring off peaks
beyond the range of the readout.

For full information, call CEC or write
for Bulletin CEC 1304-X1.

Transducer DivisionCE

CONSOLIDATED ELECTRODYNAMICS

A SUBSIDIARY OF BELL & HOWELL/PASADENA, CALIF. 91103
INTERNATIONAL SUBSIDIARIES: WOKING, SURREY, ENGLAND
AND FRANKFURT/MAIN, GERMANY
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Assembly Performance Cost
(less than 30 seconds) (up to 10Gc.) (save up to $1.20)

These are FXR’s revolutionary new Amphenol /ipc “quick-crimp”
BNC coaxial connectors.

Assembly: Simplicity itself. No hypercritical tolerances, no tiny
washers or inserts. Just three pieces that even a butterfingers can
assemble in 15 to 30 seconds. And of course no braid comb-out or
anything like that.

Cost: Less, much less. ($0.60 each in quantities of 250.) That’s 60
cents to $1.20 less than other crimp-type connectors. And it’s seven
cents less than its UG 260 B/U counterpart. Plus the much-reduced
assembly labor costs of quick-crimps over UGs.

Performance: Positive electrical and mechanical uniformity. In-
creased cable retention. 500 volts rating. VSWR is uniformly
excellent to 10 Gec. Connectors are impedance matched to all 50
ohm RG cables normally associated with the BNC Series, but
may also be used with 75 and 95 ohm RG cables when VSWR is
not critical.

Test them yourself. Order a few (or a lot—we’re in mass-produc-
tion now) from FXR or your local Amphenol-Borg distributor. FXR,
33 East Franklin St., Danbury, Conn.

F)(HTMTHE RF PRODUCTS AND MICROWAVE DIVISION
OF AMPHENOL-BORG ELECTRONICS CORPORATION
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NOW!

VITRAMON' QUALITY
NEW LOW PRICES!

DIPPED
CERAMIC

microminiature
capacitors

These new dipped ceramic capacitors
have all the exceptional electrical and
physical characteristics of the famous
“VK" Capacitor, but are made to sell for
as low as V3 the cost — a price made
possible through the use of new mater-
ials and new production techniques.
High quality, “high K” units, they're de-
signed for both industrial and military
applications. Ideal for computer use, they
have a guaranteed temperature coeffi-

*Trademark

©Vitramon, Inc. 1964

% Conforms to MIL-C-11015
VK 37 % 10 to 10,000 pf
% =55°C to 125° operation
%k 200 vdc
VK 33 % 10% and 20% tolerances
_J‘ AT 1 KC
n—=
lﬂ_é
5
o3
ng TEMPERATURE €
= =5 | 75 100 175

cient of no greater than =7% within a
range of 0°C to 85°C and no greater than
#+=15% over a temperature range of —55°C
to 125°C. Dissipation Factor is 1.5% for
values through 680 pf; 2.5% through
10,000 pf.

Four case sizes available in either axial
or radial lead configuration.

Write for complete information on prices

and technical data.
Visit us at
BOOTHS 2406-2408
L.E.E.E. Show

? l n Umtect ngdom contact
Vitramon Laboratories |
Limited .
INCORPORATED . .

45 Holloway Lane

BOX 544 « BRIDGEPORT 1, Harmendsworth M;dd}esex
CONNECTICUT, U.S.A. ; Engiand ‘ .
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This new unijunction transistor
will reduce overall circuit cost,

simplify circuitry.
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2N2646 FIRING CIRCUIT FOR LOW AND MEDIUM CURRENT SCR'S

The economical 2N2646 in the small TO-18 package offers a guar-
anteed minimum output pulse amplitude, making it ideal for firing
Silicon Controlled Rectifiers with forward current ratings of 35
amperes. (The 2N2649 offers minimum output pulses capable of
firing SCR’s with ratings of 235 amperes.) The curves of minimum
supply voltage vs. capacitance shown are for two representative
SCR types. The circuit shown will operate reliably over a tempera-
ture range from —55°C to +125°C.

Only 60¢ in 1,000 and up quantities, the new 2N2646 sili-
con unijunction transistor features an entirely new structure
which results in low saturation voltage, peak-point current
and valley current, as well as a high base-one peak pulse
voltage. And it is a much faster switch. The unijunction has
always been able to simplify circuitry and reduce cost. Now

20
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LOW-COST MULTIVIBRATOR WITH OUTPUT WAVEFORMS

The 2N2646 in this circuit provides the ultimate in simplicity and low
cost (note that you eliminate 3 resistors, 1 capacitor, 3 diodes and a
transistor). Choosing the proper capacitance and resistance values
you get a wide range of frequencies and duty cycles. The output
can drive an NPN transistor or a gate-turnoff SCR, provides good
isolation between the load and the timing circuit. You can also get
selected versions of the 2N2646 (5E35 and 5E36) with guaranteed
frequency and duty cycle in a standard oscillator circuit.

it saves you even more. Write for complete details to
Section 16C158. Semiconductor Products Department,
General Electric Company, Electronics Park, Syracuse, New
York. In Canada: Canadian General Electric, 189 Dufferin
St., Toronto, Ont. Export: International General Electric,

159 Madison Avenue, New York 16. N.Y.

Available through your G-E semiconductor distributor

GENERAL @B ELECTRIC
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Industrial electronics

Process industries, typified by this petroleum refinery operated by Standard Oil of Ohio at Toledo, will benefit most from
Direct Digital Control. These industries have long experience in multi-loop, although conventional, process control

Direct digital control

at the threshold

A new concept of control, with a centralized special purpose

digital computer instead of separate analog devices, may

finally win widespread acceptance for electronic process control.

The direct digital controller is simpler than a process control

computer and needs no complex programming

By H.F. Kloch and J.D. Schoeffler

Systems Research Center, Case Institute of Technology, Cleveland, Ohio

Traditionally, industrial process control has used
pneumatic instruments and controls. Only within
the past seven years have electronic devices made
a dent and what they have done has been disap-
pointing. Altl.iough electronic instruments and con-
trols have warked satisfactorily, they have not
proven out cconomically in many applications.
Now a new concept, Direct Digital Control (DDC),

Electronics | March 23, 1964

may change all this. Direct digital control of proc-
esses will allow tighter operation, regulated by
simple, relatively inexpensive, special purpose
digital computers. It does not require a large in-
vestment of time and money for computer pro-
gramming,.

Most often, process control means regulating or
maintaining several hundred variables at predeter-
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Computer process control at present is complex.
Diagrammed is one control loop of a general purpose
digital computer controlled process

mined values. Each parameter is regulated with a
conventional analog controller, or many may be
controlled by a single process control computer.
Both approaches work but are either inadequate
or too expensive when an engineer wants to op-
timize the process rather than just control it.

In a conventional (using an analog controller)
control system, the variables (pressure, tempera-
ture, flow, speed, rate, liquid-level and the like) are
continuously sensed and subtracted from a set-
point (or reference) to produce an error signal.
This signal is amplified and used to manipulate the
variable to decrease the error.

To this conventional control system, designer’s
are adding a general purpose, high-speed digital
computer with analog-to-digital (A/D) and digital-
to-analog) (D/A) converters as shown above, on the
left. Process variables are sampled, quantized, and
fed to the computer which monitors the variables
and prints out records of process performance. In
addition, the digital computer often uses a mathe-
matical model of the process, together with ana-
lytic performance criteria, to determine optimal op-
erating conditions (set-points). These set-points
are converted to analog signals and transmitted to
the analog controllers, either automatically or
through an operator.

DDC of processes

Direct Digital Control is an intermediate step
replacing a group of analog controllers with a sin-
gle, time-shared, special purpose digital computer.
This DDC computer duplicates the analog con-
troller’s actions while providing easy communica-
tion with an operator and/or a general purpose
digital computer.

The function of the DDC computer is shown in
the simplified diagram above right. At the left of
the diagram are shown some controlled variables.
Transducers sense each, producing an electrical

OPERATOR INPUT
AND OUTPUT

OUTPUT

ANALOG & [CDIGITAL
SIGNALS FOR Z [CSIGNALS FOR
CONTROLLED < [ MANIPULATED
VARIABLES 2 |~ VARIABLES

r Py
|
(A) | | GENERAL
PURPOSE ||
]
(B) seanngr} || oemac |1
CONTROLLED_+ e Y il
VARIABLE H
s | OPTIONAL
OFFSET ———d L

Direct digital control replaces conventional analog
controllers with one time-shared special purpose
digital computer, using an optional general purpose
computer for process optimization as in A. Inset B
shows signal offset and scaling relationships

signal which is offset and scaled (that is, zero-refer-
ence set at a convenient level for the range of sig-
nals expected and the resulting signal scaled in
magnitude as indicated in insert B). The scanner
samples each input channel in turn and applies the
signal to an A/D converter which quantizes the
signal and transmits the result to the DDC com-
puter. Stored within this computer are the set-
points, previous error for each variable and allow-
able limits. The variable is first checked to de-
termine if it exceeds allowable limits; if it does an
alarm is sounded and control is returned to the
operator. If the variable is within limits, the DDC
computer subtracts the variable from the set-point
to determine the present variable error and using
the previous value of error, computes a new value
of the manipulated variable from an appropriate
algorithm.

Parameters for each control loop are stored in the
computer memory and used in the algorithm for
computing manipulated variables. Because these
are stored as numbers (not limited, as in an analog
device, by the physical limits of a potentiometer or
capacitive device) the parameters of the controllers
may be varied over a much wider range than in
actual analog controllers. Moreover, the parameters
can be changed individually (because they are sep-
arate numbers) without the interaction problems
often encountered in analog controllers with their
input dials. The new value of the manipulated vari-
able is transmitted to a digital actuator which
drives the variable to the new value. The output
scanner connects the DDC computer output to the
proper actuator.

Input-output devices

Two other input-output devices are available, a
manual station controlled by an operator and a gen-
eral purpose digital computer. The manual station
allows the operator to call for special print-outs of
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selected variables, to supply new set-points, or to
change the DDC computer parameters, that is, the
constants used in the algorithm for a particular
variable. In addition, the operator may over-ride
the DDC computer assuming control when condi-
tions warrant.

The other input-output device is a general pur-
pose digital computer. Its normal function may be
the processing of payroll records, engineering cal-
culations, etc., but it is also used to communicate
with the DDC computer for starting up the process,
shutting it down, controlling the system during
alarm situations, or for process optimization.

Actual application

Direct digital control has been simulated by sev-
eral companies and at least one has tried it on an
actual process! ® %5, Involved in these simulations
were Corning Glass, Conoflow Corporation, Mon-
santo Chemical, Leeds and Northrup, Westing-
house Electric, TRW (Bunker-Ramo), Foxboro and
others. In these studies, single loop processes with
various types of elements were simulated on either
a digital or hybrid computer and DDC evaluated
using signal rise time, overshoot, and other criteria.

The result was general agreement on minimum
sampling intervals for typical process variables of
1 second for flow, 5 seconds for pressure, and 10
seconds for temperature variables. Thus for a proc-
ess of approximately 200 loops, the required scan-
ning rate is well within the state of the art, being
approximately 150 points per second for a 200 loop
controller with a typical distribution of the vari-
ables among flow, pressure, etc.

One of these experiments by Monsanto Chem-
ical Company and Bunker-Ramo, applied DDC to
an operating plant in the separations section of
Monsanto’s ethylene facility at Texas City, Texas.!
Since a DDC computer was not available, it was
simulated on a more conventional (RW 300) process
control computer. The distillation column (pictured
right) had 10 control loops including temperature,
pressure, and flow variables. The 10 variables were
each sampled once per second and the data trans-
mitted to the computer. The corresponding manip-
ulated variables were calculated using a discrete
version (error values sampled at equal intervals of
time rather than on a continuous basis) of the pro-
portional-plus-integral (P-I) control algorithm.

Results indicate that all ten loops responded at
least as well as with conventional analog controllers
and in most cases gave a smoother and faster re-
sponse. This improvement was traced to the non-
interacting parameters of the digital controller, and
the fact that these parameters could be adjusted
much more exactly than in the analog controller. As
a result of this study, it was estimated that the sav-
ing in capital investment for a 200 loop direct digital
control system would lie between $500 and $1000
per loop. (One industry spokesman has stated that,
concerning cost, possibly 50 loops can be the break-
even point—Ed.)
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Experimental DDC was tried in Monsanto Chemical’s
Texas City, Texas, ethylene plant, controlling 10 loops
on this distillation column. Savings for a similar 200
loop system were estimated at 500 to 1,000 dollars per
loop less than for conventionally equipped loops

Benefits to industry

Industries benefiting most from DDC will be
those which are already experienced in multi-loop
conventional process control. These include steel,
petroleum, glass, chemical processing, food, and
electrical utilities. Other processing industries
which have much to gain from better control, such
as paper, are retarded by the lack of adequate auto-
matic measuring instruments for critical process
variables.

The principal benefits of DDC are both imme-
diate and potential. They include: lower capital in-
vestment by replacing many analog controllers and
recorders with one time-shared DDC computer;
better control because each controller parameter
can be changed over a wider range than can the
corresponding parameter of an analog controller,
and in addition, the controller parameters are non-
interacting (can be changed independently) and
can be varied in a much smoother manner; straight-
forward data logging because the desired data is
present in a single location, in digital form, and may
easily be printed out for a permanent record or
displayed for an operator; ease of communication
with a general purpose digital computer which
need not be tied up 100% of the time on the proc-
ess, but used only as needed by the operator; ease
of automatic start-up and shut-down by a general
purpose computer communicating with the DDC
computer; and, potentially improved control algo-



rithms such as non-interacting control, non-linear
control, and the like.

Experience with the present generation of digital
process computers indicates most of the cost of
implementing computer control lies in determining
an adequate mathematical model of the process and
in the programming of the computer, rather than
in the hardware itself. This is mainly because those
processes which can best profit from computer
control are mathematically the most complex and
least understood. Consequently, a computer is often
added to a process initially for data gathering and
model building purposes even before it can be eco-
nomically justified.

DDC allows economical data gathering for model
building purposes. Then, when the process is well
understood, a general purpose computer (either on
or off line) can communicate with the DDC com-
puter to optimize set-points, controller settings, and
even dynamic response.

Hardware requirements

Potential users of DDC are essentially in agree-
ment as to the requirements for a DDC computer.
Monsanto Chemical, Corning Glass, and the
DuPont Company at a recent conference listed their
requirements. These include a reliability or avail-
ability of 99.95% (4 hours down time per year).
Several types of outputs are also needed including
de for driving conventional pneumatic actuators,
pulses for devices such as stepping motors, and a
pulse whose width is proportional to the output
signal and which can then be integrated by an
output advice such as a motor.

Many companies are readying equipment for
DDC but details are still proprietary. In recent
months, two companies have announced equipment
for direct digital control. The first, Minnesota Min-
ing and Manufacturing, displayed a controller at
the September ISA show in Chicago. This con-
troller will be available for use with 8 to 32 loops.
Claims are that it will be economically competitive
at 20-30 loops. Outputs of this unit are low current
signals for driving conventional actuators. The
other user desired outputs are not available.

The Westinghouse Electric Corporation is going
to install DDC at a unit of Commonwealth Edison
in Chicago for control of all boiler loops.? A control
computer is used as the DDC computer to scan the
inputs, convert them to digital signals and process
them. The algorithm for each control loop is pro-
grammed and can be either simple or complex
depending upon need. This is in contrast to the 3M
special purpose DDC computer discussed above
which does not permit programming of the indi-
vidual loop algorithms. The Westinghouse system
will also provide all of the types of outputs dis-
cussed above. Their more complex computer allows
a pre-programmed operation which will depend
upon operating level. Computer control param-
eters in the DDC algorithms will be changed as the
operating conditions of the boilers change. (The
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program for this installation resulted from a de-
tailed IBM 7090 computer study of Commonwealth
Edison’s boiler system).

Problems

One point of unanimity among potential users of
DDC is that the computer must be at least as reli-
able as existing analog controllers. This poses the
problem that failure of the computer can cause the
shut-down of the entire process together with the
production of much off-quality product. (This is in
contrast to only one loop going out if an analog
controller is downed.) To achieve the required
99.95% availability demanded by users, reliability
of presently available computers must be increased
by an order of magnitude. This is within the state
of the art.

A second problem is the digital actuator on the
output side of the DDC computer. Conventional
analog pneumatic valve actuators are very reliable
and economic but they require the computer to
supply a dc signal. This signal is first converted by
a current-to-pneumatic transducer to an air signal
which is then applied to the actuator. This requires
each such channel have an analog memory which
stores the signal between successive outputs.

Output actuators which are actually digital would
not need this analog memory. For example, some
development has been achieved on actuators which
accept a binary-coded signal, each bit entering on
a single line.® This binary signal drives the digital
actuator directly without converting the signal to
analog form. At the recent IFAC (International
Federation on Automatic Control) Congress in
Basle, Switzerland, a digital valve was demon-
strated by the Lignes Télégraphiques and Télé-
phoniques of Paris, France. It was actuated by
digital signals, each bit of which controlled a single
solenoid. American companies judged this partic-
ular valve too expensive for general use, but it is
indicative of the direction in which actuator re-
search is headed.

Another attractive output actuator is the stepping
motor, which is capable of stepping to any one of
a large number of discrete angular positions and
remaining there until further input signals are re-
ceived. The motor steps one position for each pulse
received, the direction being determined by which
of two lines received the pulse as shown at the top
of p 53. Stepping motors are available from several
manufacturers in a variety of sizes.

An example: the SLO-SYN motor made by Su-
perior Electric Company. It is capable of rotating
at about 200 steps per second maximum or approxi-
mately 72 RPM. With such a motor as the output
device, the DDC computer supplies the correct
number of pulses during each sampling interval to
change the manipulated variable by the desired
amount. One way is to run the motor at maximum
velocity over a portion of the interval; another is
to run at minimum velocity over the entire interval,
The former seems to be simpler to implement.
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The stepping motor can also be used in a variety
of applications other than opening and closing
valves. For example, it may rotate the shaft of a
potentiometer or rheostat thereby controlling volt-
age or current flow. This can alter the firing angle
of a bank of silicon controlled rectifiers or the bias
of a magnetic amplifier to control the speed of a
motor. The rotary motion can also be converted to
linear motion by conventional devices.

DDC computer structure

A study of DDC was initiated at Case Institute
of Technology several years ago. Out of this initial
study has come one design for a DDC computer
using stepping motors as actuators. This system’s
design illustrates the general principles governing
a DDC computer with this type of actuator.

Conventional analog controllers produce an out-
put signal which is a linear combination of the
input error (proportional control), the derivative of
the error (rate control) and the integral of the error
(reset control) which is

de(t) :
m(t) = Kpe(t) + K— + K; / e(dt (1)
dt .

where m(t) is the manipulated variable, the output
of the controller. Simulation of direct digital control
indicates that adequate control can be achieved
using only the proportional and integral control
functions. In fact, the addition of the derivative
function in digital form makes the control unduly
sensitive to noise and quantization errors. Using
standard sampled-data theory, a digital approxi-
mation to Eq. 1 with K; = 0 is found to be

@

where Am, is the change in the manipulated vari-
able, e,_; is the previous value of error, e, is the
present value of error in the controlled variable, and
the constants A and B are functions of the con-
troller parameters K,, and K; and the sampling
interval.

The function of the DDC computer is to evaluate
changes in the variables using Eq. 2 repeatedly for
each controlled variable. Thus, the same simple
computations are repeated over and over, the only
differences between calculations for successive
channels are the constants and error signal. As a
consequence, no programming of the computer is
necessary to use it to control a process. Because of
this, the internal structure of the DDC computer
can be much simpler and less costly than for a
general purpose machine.

When stepping motors are used as the digital
actuators, the number of pulses required to effect
a change in the variable is linearly related to Am,
and hence can be incorporated into the constants
A and B. That is, the quantity calculated in Eq. 2
can be the number of pulses needed with no con-
version required. If the input to a digital actuator

Am, = Ae.—1 + Be,
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DDC computer operation is shown in this flow chart.
Improved process control results from wider adjustment
range and non-interacting parameters of signals
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Compactness of DDC will replace such massive nerve centers as this Central Control House at Sohio’s Toledo
Refinery. Instrumented 96-foot curved panel controls processing loops and catalytic cracking and steam generation

is the actual digitally coded variable, then m, is
calculated from Am. by adding the previous value
of the variable to it before transmission to the
output.

With the DDC computer shown on page 50 the
information entering the registers of the computer
from the input scanner is a digitized representation
of the measured variable.

The drawing also shows an A/D converter, but
there is considerable research and development
under way towards producing a digital signal di-
rectly at the measuring instrument. From the view-
point of transmitting information by wire for dis-
tances of possibly up to a mile, in a situation where
the chances for interference pick-up are good, the
digitized version is superior to the analog. Because
it is uneconomical to have an electronic A/D con-
verter at each measuring instrument, development
is being pressed for a family of digital sensors for
pressure, temperature, flow and the rest.

The scanner generally scans in an interlaced pat-
tern under control of the computer. The computer
keeps track of the variable being scanned so that
it may be entered correctly into the computer
memory.

The input scanner is usually a relay switching
matrix. Its switching time is long, compared to the
time required for the computer to perform the arith-
metic calculations. There is also a time delay re-
quired for the transients in the A/D converter to
decay. The net result is that the computer can do
other operations while waiting for the next read-in
operation to occur.

Operation of the computer can be summarized
by the flow chart on page 53. During each one
second interval, the computer rapidly scans the
output channels. When an input channel has been
sampled, quantized, and the transient in the A/D
converter has disappeared, an interrupt signal
causes the machine to stop scanning the output
lines and to take the input signal and process it.
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This involves calling the appropriate data for that
channel out of memory, checking the variable to
insure that it is within allowable limits, and sig-
naling an alarm if it is not. Assuming it is within
limits, the variable is substracted from the set-point
(stored in memory) to form the present error. This
error and the constants in memory are used with
the digital approximation of the proportional-plus-
integral algorithm to calculate a new count-down
word. This word together with the present error
are then stored again in memory and the computer
returns to output scanning until interrupted again
by the next input channel.

The DDC computer calculates the number of
pulses which must be supplied to each stepping
motor to effect the required change in the variable
and stores these numbers in its memory. Each time
a pulse is transmitted to a stepping motor, the
number stored in the memory is counted down by
one until it is zero (when the change desired in
the variable is completed).

During each one-second sampling interval the
computer continually scans the output channels,
checking count-down words in the memory. If a
word is non-zero, a pulse of the proper polarity is
sent to the corresponding stepping motor and the
count-down word decreased by one. The computer
proceeds to the next channel doing the same opera-
tion and when all channels have been scanned,
begins again with the first one. Assuming that the
computer must be capable of driving any motor at
its maximum speed, each output channel must be
scanned approximately 150 times per second.

If the operator wishes to insert new set-points or
controller settings or request certain output data,
he signals the computer from the typewriter input.
Such an input is of lower priority than the input
scanner.

Besides supplying pulses for stepping motor type
actuators, this DDC computer design is capable of
supplying the other two required types of outputs.
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Simulated at Texas City were those instruments at the left next to the air gages. Tests using an RW-300 computer
proved DDC’d loops responded at least as well as conventional loops but in most cases both smoother and faster

A low-power motor can be used to rotate the wiper
of a rheostat to provide a current for the current-
to-pneumatic conversion needed to operate pneu-
matic actuators. The stepping motor provides the
memory required for this analog output. The pulse-
width type of output is obtained by replacing the
stepping motor with a flip-flop. The flip-flop is set
when a new Am is calculated for the channel and
is reset when the count-down word is zero. For a
constant count-down rate the flip-flop is set for a
time proportional to Am.

Further research and development

From recent simulations and studies it appears
that some form of Direct Digital Control for proc-
esses will, as one DDC manufacturer has stated,
find a budding market in about two to three years.
But, in order to make DDC completely practical
(one computer manufacturer says this will be in a
minimum of five years—Ed.), further development
of input sensors (providing digital outputs eco-
nomically) is necessary. Digital output devices must
also be perfected with particular attention paid to
speed of response, economics, and reliability.

The introduction of fluid logic with its low cost,
low volume, and freedom from environmental lim-
itations (which makes possible DDC computers
which are not entirely electronic) will be a chal-
lenging factor.” The slower operating speed of
fluid devices would limit the number of loops that
could be controlled by a single machine to 10 or 15,
but this would be compensated for by the decrease
in cost. An increase in reliability would also be ob-
tained by having 5 or 10 DDC computers, rather
than one, controlling a large plant.

Since the cost of any computer is tied closely to
the number of bits carried through calculations and
the sampling rate, it may be desirable (strictly from
a marketing viewpoint) to take advantage of the
difference in quantization level required for tran-
sient versus steady-state operation.® That is, during
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an upset of the process, the level of quantization
of the controlled and manipulated variables could
be decreased and the sampling rate increased. The
machine would be designed to control the process
during transients or upsets using a given sampling
rate and a low level of quantization (3 or 4 bits).
When steady-state is approached and resolution of
control becomes important, the sampling rate could
be decreased and the level of quantization in-
creased. In this way, it would not be necessary to
build a computer capable of operating simultane-
ously at the maximum sampling rate with the max-
imum quantization levels, and this might result in
significant reductions in computer cost.

Certain non-linear control algorithms could also
be easily implemented by a DDC computer, which
would be too expensive to add to analog controllers.
For example, a bang-bang type of control (full-on
or full-off) is often effective when errors are large.
A combination of this type of non-linear control for
large errors and conventional control (P-I) for small
errors may result in distinctly improved control at
no additional cost, since it involves only a minor
modification of the DDC computer described.
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Components

Bell Telephone Laboratories

Rotary armature, GS 57668 Miniaturized MA type Dry reed sealed contacts
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Relays that challenge semiconductors

New devices make springs and coils look even more
attractive in power and control applications that don't
require very high speed operation

By Waldo Holcombe

Manager, Applications Engineering, Sigma Instruments, Braintree, Mass.

When semiconductor devices were sweeping the they swept out electromechanical relays on a psy-
electronics industry a few years back, many design- chological basis rather than technical. Engineers
ers put them into almost every kind of circuit decided that only transistorized equipment was up
whether they really belonged or not. Sometimes to date; relay equipment was not. True, the relays

56 Electronics | March 23, 1964



had some serious limitations: most were slow speed
devices and contacts pitted and burned reducing
the life of the switch.

Since those salad days, manufacturers have de-
veloped new relays (see photographs) that are faster
than those of five year ago and have longer life.
Some, for military missile systems, have expected
lifetimes of one billion operations—an unheard of
figure in 1959. A lot of designers have swung back
to electromechanical relays and design procedures
based on technical and economic considerations
rather than psychological reasons (Table, shown
below).

When comparing the electromechanical relay to
a semiconductor switch, a designer has to consider
the mechanical limitations of the springs, pivots,
coils and contacts. Similarly, he has to remember
that a transistor alone is usually not a switch. A
semiconductor switch has a transistor plus other
components and wiring.

In general if very high speed operation is re-
quired, the electromechanical relay is out. Most
relays still operate at speeds of milliseconds or
slower while semiconductor circuits operate at
speeds of microsec. If high power must be switched
or cost is critical the semiconductor circuit is usu-
ally unsatisfactory. A semiconductor switch can be
ten times as expensive as an electromechanical re-
lay; in some applications, 25 times as costly.

The relay versus semiconductors

Factors

The most important design considerations are
size, reliability, lifetime, circuit isolation and speed
of operation. Probably the most significant new de-
velopments in relays are miniaturization, packaging
(hermetically sealing in glass enclosures) and new
applications.

Squeezing in a switch

If a designer has to “squeeze in” a switch, he usu-
ally has to go to an electromechanical device unless
a single transistor or silicon-controlled rectifier can
serve as the switch. Other solid-state switches re-
quire associated circuitry and heat sinks that make
the complete switch so bulky it isn’t tiny at all.

If multiple circuits are involved and multiple
functions have to be performed semiconductor
switches are at an added disadvantage, particularly
in applications where weight is a limitation. The
physical size of a solid-state switch in excess of a
3-pole relay can be the size of a shoebox.

A typical new miniaturized relay is the GS 57668
rotary armature device used in military designs.
Even though it is no bigger than a crystal can, it
has a rotary armature operating two transfer con-
tacts which are arranged symmetrically. The relay
has longer life than older switches because its con-
tacts are made of precious metal and are sealed in a
contact chamber that is kept free of plastic mate-
rials. As a result, the brown powder of organic

Semiconductor Relay

Electromagnetic Relay
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10-100 ma at 1-10V

microsecond range

0.1-1.0Wat0.1-10*ohm
1-25 milliseconds

Single Purpose Excellent
Excellent Fair
Poor Excellent
Varies Varies
Excellent Fair
Poor Good
Good Fair
Good Poor
Poor Fair

Favors large quantities

Favors small quantities

Usually good Fair
Usually poor Good
High Low
High Low
Excellent Low
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Bell Telephone Laboratories

SEALED CONTACT

(A)

REMANENT FERRITE
(B)

-

(c)

(D)

Four ways to operate a high speed miniaturized reed relay

polymers cannot form and coat the contacts, in-
creasing their resistance. The GS 57668 is designed
to operate at 100 milliwatts at 25 c. Switching
speed is 2.5 milliseconds.

Another example of real miniaturization: the new
MA and MB relays developed by Bell Telephone
Laboratories for space projects. The MA relay has a
maximum contact capacity of 4 transfer contacts;
the MB has a minimum capacity of 6 transfer con-
tacts. Both are small enough to be mounted on
printed circuit boards.

Through thick and thin

In almost every application, reliability, life or
both have to be serious considerations. In many
ways the electromechanical relay is more reliable
than the semiconductor circuit. A transistor used
within its rating is a very reliable device, but it is
extremely sensitive to current and voltage transients
that exceed its ratings. A transistor can be pro-
tected against transient surges—generally by plac-
ing a diode across any load inductance or installing
bypass capacitors by adding components, but this
reduces overall reliability. The minimum complex-
ity for a circuit like the Schmitt trigger used as a
switch turrns out to be: 2 transistors, 4 resistors, 1
capacitor, 1 diode, and at least 18 solder connec-
tions or joints.

A relay to do the same job is probably not as reli-
able as a transistor alone. But relays can withstand
transient surges that would be catastrophic to a
transistor.
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Operating characteristics of
sealed contacts in air core coils

Approx.
Sealed Operate Release minimum
contact amp. furns amp. turns operate fime
2247, . 90 =12 34 =8 About 1 m.s.
237A (G29). 34 =12 18 =8 ¢ “xbmis.
28780 30.5=5.5 15 =4 “ 5ms.

Relay contacts used to be vulnerable to contami-
nation from volatile silicon, hydrocarbon or sul-
phide products and subject to clogging from dust
and lint. Sealed relays, which are more expensive,
have almost ended this restriction. To improve re-
liability, relays are sealed in glass and the two main
types of glass enclosed devices are the dry reed
type and the mercury wetted type.

The reed relay has been available for years, how-
ever, it has been miniaturized so its scope of appli-
cation has increased. It is operated by a magnetic
field in several different ways (figures above). In A,
the current passes through a winding surrounding
the sealed contact. In B, pulse operation magnetizes
a square-loop ferrite element which is the reed. The
sealed contact remains closed without holding
power because it is magnetically latched. A pulse,
smaller in magnitude and of opposite polarity, re-
leases it. Minimum operating time varies from 1%
millisec to 1 millisec depending on ampere turns
(see table above).

Another kind of dry reed relay, developed for
missile applications, can have 2 or 3 normally
opened contacts. These relays make use of perm-
anent magnets to bias the break contacts closed in
the unenergized condition. Other new developments
include cobalt and cobalt-zinc ferrite cores which
increase the capability of relays by adding memory
without holding power, coincident selection, and
high speed operation close to the microsecond
range. These are the ferreeds.

Sealed relays with mercury wetted contacts have
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Plug-in printed wiring board with MB type relays

the least contact chatter, sometimes none, and the
longest operating life. The 226 D type is one of the
newest and smallest, so small it can be packaged in
a small size relay can.

In another new mercury wetted relay, long life
has been sacrificed to make it more resistant to
shock and vibration. Changing armature design and
reducing the amount of mercury cut life almost 10
times to several million operations.

Circuit isolation

Still another advantage the electromechanical re-
lay has over its semiconductor rival is circuit isola-
tion. When you turn off a relay, it is totally off and
the impedance will be about 1,200 megohms. A
solid-state switch is never quite off, because there
is leakage through the transistor. The impedance is
about 10 megohms, or only one hundredth as good
as the electromechanical device. Thus, wherever a
designer cannot tolerate a little current leaking
through the switch, he has to use.

Another circuit consideration is voltage drop,
which is only about 0.01 volts in a relay. In a solid-
state device, voltage drop will range between half
a volt and 1% v. If the designer has to put several
solid-state devices in series, the voltage drop across
them gets quite high, particularly in a low level cir-
cuit. It may get so high, no current can pass.

Radiation can affect the conductance and leakage
of semiconductor devices. In a nuclear environ-
ment, the beta value, or gain, of a solid-state device
can degrade sharply. For applications likely to be
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Bell Telephone Laboratories

Contact springs for MB type relay

exposed to such an environment, a designer can
choose an electromagnetic relay made of materials
that are not much affected by radiation.

As designers come back to the electromechanical
relay, they are finding new applications for them.
One interesting one is a frequency-sensitive relay,
named the 215 type tuned selector (see figure be-
low). Basically, it is a highly precise and stable min-
iature tuning fork with a light-weight contact. The
device is sensitive to frequencies of the order of 0.5
sec. and is insensitive to noise interference. The ac-
companying graph compares its performance over
a wide temperature range at nominal frequencies of
517.5 and 997.5 cycles per sec.

Tuned relay can be carried in pocket and is used
as a signal device for Bell system service.

Bell Telephone Laboratories
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How the tuned relay works
Switching a stepping motor

A high speed stepping motor can be switched by
either an electromechanical relay or a semiconduc-
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Relay versus semiconductor

Thisrelay. ..

Considerations

or this semiconductor circuit .

Semiconductor

Sigma Instruments, Inc.

13

Electromagnetic

List PHIGE . & T ol s S vnemits S it g $65.00
TR o ot N ML SO, o L

31 cu in.
L} - N SN T e BN Unlimited

None needed

tor circuit. A typical motor speed is 200 steps per
second.; driving power is about 0.25 amps from a
100-v d-c source or 24-v d-c. The possibilities for
switching are a general purpose polarized spdt (sin-
gle pole, double throw) magnetic-latching type re-
lay or cyclopulser semiconductor drive. The chart
points out how the two compare. You can see the
decision depends on the specific application.

Standard relays and their advantages

Single-pole double-throw d-c relays, at right,
are available in thousands of combinations of coil
resistance, sensitivity, contact material, housing
and mounting styles. This type of relay is suitable
for applications that require stable and accurate
response to an overcurrent condition and frequently
can be adapted to fractional millisecond protection
of overloaded transistors or meters.

Magnetic latching relay shown has unusually
high sensitivity and immunity to shock and vibra-
tion. This polarized double-pole double-throw relay
latches magnetically in the position last energized,
without standby power. The insulating resistance
in the contact circuit approaches 10'® ohms, making
this type suitable for high-impedance circuits.

The single-pole double-throw low-cost relay has
a mechanical life of 10° operations. Input sensi-
tivity of 5 milliwatts can tolerate 100 ampere con-
tact circuit transients. This type is available for
either a-c or d-c operation in numerous mounting
styles. Streetlight controls subject to lightning tran-
sients are typical applications that require a relay
of this capability.
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41/2in.x6 1/4in.x1 1/16in.

$33.00 plus arc suppression

15/16in. x1 5/16in. x 2 1/2 in.
3.3 cein

108 to 10° operations

Replaceable contacts or plug-in relay.

The single-pole double-throw magnetic latching
relay, shown below, has high speed or no bounce.
This relay responds with very little pulse distortion
to a variety of signal pulses with approximately one
millisecond response time. Telemetering and teleg-
raphy systems require this characteristic.

Sigma Instruments, Inc.

Low-cost, long life relay High speed, no bounce relay

Standard relay for a wide range of applications
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Advanced technology

Cryogenic flux pump
switches high currents

The cryotron was developed for computer circuits;
now a modified version has even a brighter future in high

power circuits for superconducting magnets

By Theodor A. Buchhold

Advanced Technology Laboratories, General Electric Co., Schenectady, N.Y.

In a work room at General Electric’s Advanced
Technology Laboratories, a superconductive coil
and a flux pump (cover) sit in a liquid helium
bath conducting very large d-c currents—up to 500
amps. When a signal from a phase shifter, one of
the components, makes a coil superconducting, the
magnetic flux generated by another superconduct-
ing coil (another of the components) connected to
it rises. If the coil flux decreases, energy flows back

The author
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cryogenic projects, Dr. Buchhold
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devices and has more pending.
One of the V-2 missile guidance
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Redstone Missile Guidance System. Before joining General
Electric in 1956, Dr. Buchhold was consultant to the
vice-president of engineering of the Ford Instrument Co.
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into the power supply circuit.

This is a new kind of d-c power supply or flux
pump. It depends on the properties of supercon-
ducting materials operating at 4.2 deg. K. Small a-c
current carried by small wires powers the flux
pump. It depends on the properties of supercon-
netic field strength, the field is maintained by in-
duced, loss-free, superconducting currents even
though the power supply is disconnected.

The small feeder wires carrying the a-c current
are a big asset. In superconducting studies, the
trend is to generate bigger magnetic fields in larger
and larger solenoids, built of heavy conductors.
But these heavy conductors also carry large
amounts of heat into the low-temperature container
(or cryostat), reducing the efficiency of the cryo-
genic setup. The new flux pump could handle thou-
sands of amperes of current without heavy conduc-
tors.

Improving on the cryotron

What makes this flux pump work is a new com-
ponent called the reactor cryotron. A saturable reac-
tor is added to a specially-made cryotron unit. The
reactor can sense when the cryotron is to be
switched on or off to make it superconducting.

The main difference between the conventional
small-current computer cryotron and this new com-

61



NIOBIUM

NIOBIUM—
(A) ZIRCONIUM

Model of cryotron, (A); equivalent circuit of cryotron
when energized, (B); when not energized, (C)

Reactor cryotron control of superconducting coil, bottom;
hysteresis loop for saturable reactor used in circuit, top

(A) TIME
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ponent is the different geometry and the much
larger dimensions. The computer cryotron is made
of a superconducting wire or metallic film—called
a gate—placed near a coil or second metallic film—
called the control—which applies a magnetic field
to the gate. In a typical cryotron, the gate may be a
thin niobium wire and the control coil is a niobium-
zirconium alloy which has a higher critical field
than plain niobium. With this construction the cryo-
tron can handle milliampere currents.

For large currents, in the reactor cryotron, the
gate is made of niobium tape of proper width
and length, bifilarly wound. The tape can be folded
so that it occupies only a small space and can be
surrounded by a control coil of niobium-zirconium.

In either case, when the coil is energized, pro-
ducing a strong enough magnetic field around the
gate, the niobium wire is made resistive. A cryotron
corresponds to a switch which is open when the
control coil is energized, closed if the control cur-
rent is interrupted. The resistance of the open cryo-
tron, however, is finite, not infinite like the resist-
ance of an ordinary switch. For most applications,
the resistance of the cryotron is sufficient for it to
operate as a switch.

The tiny computer cryotron is employed in com-
puter logic and in computer memories. Its most
desirable features: simplicity, fast response and
potential small size with very low switching cur-
rents. The new power cryotron can be used in a
variety of applications; for example, as a cryogenic
rectifier for large currents.

Cryogenic rectifier

The operation of a reactor cryotron can best be
explained in a half-wave rectifier circuit (left),
which is also a basic element for the more impor-
tant full-wave rectifier circuit. Transformer T is
maintained at 4.2 deg. K and has its secondary
winding connected through saturable reactor L
and the power cryotron X to the resistive load,
R. The reactor flux ¢ exhibits the hysteresis
characteristic shown. It is assumed that trans-
former T delivers a rectangular voltage pulse V.
At time t; a large current I flows in the power
circuit and the saturable reactor is saturated,
represented by point P on the hysteresis loop. At
time t», voltage V reverses and the current tends to
follow. However, when the small negative magne-
tizing current i is reached, the saturable reactor
leaves its positive saturation state and flux ¢ moves
along path 1-2 on the loop. The full voltage V now
appears across the reactor, inducing in its sec-
ondary winding a negative voltage u’, which ener-
gizes relay K, via rectifier D;. Its contact closes
and control current I, can flow from the
battery through the closed contacts of relay
K. and K; to the control coil of cryotron X,
During the interval At, in which the reactor goes

Waveforms occurring in reactor cryotron: voltage and
current, (A); reactor signal, (B); control current, (C)
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from positive to negative saturation, only the small
magnetizing current i flows and control current I
builds up.

At time t;, negative saturation is reached. The
power-circuit current becomes I,=V/r, deter-
mined by resistance r, of the now resistive cryo-
tron. After t;, the saturated reactor consumes no
voltage and its secondary voltage u’ becomes zero.
Relay K; remains energized through its contact.
At time t4, voltage V becomes positive again and
the current again tries to follow. However, the re-
actor now limits the current to the small positive
magnetizing current +i and the flux ¢ follows path
3-4 on the hysteresis loop. In the secondary wind-
ing of the reactor, an opposite voltage u is induced.
Due to rectifier D», this energizes relay K., and
opens Kj, thus interrupting the control current Ig
in the control winding of X. In the absence of a
control field, the cryotron becomes superconduc-
tive. After this time interval At, positive saturation
is reached at t; and full current I = V/R flows.

The time interval established by the reactor,
during which the current is kept small, is quite
important since it gives the cryotron time to change
from the normal to the superconductive state. With-
out the current limitation during At, the decreasing
cryotron resistance would cause an increasing cur-
rent I and such losses that the cryotron might
reach its transition temperature and not to go
superconducting,

In the actual experimental circuit, the two relays
shown in the diagram were replaced with solid-
state switching devices.

In this circuit, the reactor cryotron was switched
on and off by voltages derived from the reactor.
For many applications only the “on” signal from
the reactor is used to produce a high resistance to
reverse currents. The “off” signal, which makes the
cryotron superconductive, can be derived from any
signal source; e.g., the output of a phase shifter.
Then the controlled reactor cryotron resembles a
controlled rectifier, which is made conductive by a
gate signal, and offers very high resistance to re-
verse currents.

All circuits suitable for controlled rectifiers can
be used for controlled reactor cryotrons; for in-
stance, it is possible to build a full-wave rectifier
circuit for large d-c currents which can be con-
nected to a superconductive coil. Such a circuit
can be made entirely of superconductive material.
Since a cryotron has zero resistance in the forward
direction, the circuit represents a d-c supply with
no internal resistance, having an approximately
constant d-c output voltage. Therefore, the current
supplied to a superconductive coil increases linearly
with time. If the primary current into the trans-
former is interrupted, the d-c current continues to
flow as a persistent current since at least one of
the two cryotrons acts as a superconducting short
circuit across the coil.

If the reactor cryotron is controlled by a phase
shifter, as mentioned above, the magnetic field in
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the coil can be controlled, and, in fact, a flux de-
crease can be achieved; energy is then fed back
into the power supply. Such a circuit controls the
flux in an inductive load with no moving mechan-
ical parts and so might be called an electrical flux

pump.
Experimental model

A feasibility model of a full-wave rectifier circuit
with reactor cryotrons controlled by a phase shifter
was built and connected to a superconducting coil
of L=1.8 X% 103H. The maximum d-c¢ current was
somewhat above 500 A and produced a field of
about 25,000 oersteds with a stored energy of 220
joules. When exceeding this value of current, the
cryotrons became resistive. With phase shifting,
it was possible to adjust the field to any desired
value, and also to obtain persistent currents or
fields by disconnecting the power supply. The sup-
ply could be reconnected at any time to permit
changing the field setting. The rectifier circuit was
fed with a rectangular voltage of 10 cps and the
a-c currents were below 1 ampere. The low fre-
quency allowed sufficient switching time for the
cryotrons.

More development work was indicated by the
experimental model, especially toward building
cryotrons with higher maximum currents, but it is
believed that in the future, reactor cryotrons for
electrical flux pumps can be built to carry several
thousand amperes.

The author thanks P.J. Molenda, R.K. Terbush, S.H. Minnich and
R.E. Morgan for their assistance.
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Solid State

Now the gate turn off switch
speeds up D-C switching

A logical development of the silicon controlled rectifier, the
gate turn-off switch is out of the experimental stage. Its 10
times faster turn-off speed opens up a variety of applications

By Denis R. Grafham

General Electric Co., Rectifier Components Department, Auburn, N.Y.

Although semiconductor devices, such as the sili-
con controlled rectifier and the power transistor
have simplified switching in power and control cir-
cuits, both these devices have serious limitations.
The power transistor is inherently a low voltage
device while the SCR is difficult to turn-off once
it has been triggered in d-c circuits. A new de-
vice, the gate turn-off switch, has no such limita-
tions. It can be turned off as well as on from its
gate input terminal. And it operates at frequencies
up to 100 kilocycles per sec.

The new device is a logical improvement of
the SCR. It too is a three-terminal, four layer,
pnpn switching device. But its structure is more
complex. The gate region has a much larger active
area in the GTO than the SCR and it is this change
which helps give the GTO its unique characteristic.

In d-c circuits, the disadvantages of the SCR are
most evident. Its maximum operating frequency is
low because it must be reverse—biased for a rela-
tively long time (10 to 20 microseconds) through
an external low impedance circuit which dissipates
considerable power. These restrictions confine the
SCR to operate at frequencies of a few kilocycles,
current ratings from 50 ma to 470 amps rms at d-c
voltages of 25 to 1,000 volts.

The biggest advantage of the GTO is its ability
to be turned on and off by the gate signal, a low
power pulse of less than 10 microsec. A positive
pulse of gate current latches the GTO into conduc-
tion and, once fired, the switch stays closed. A sub-
sequent negative pulse turns it off again. That’s an
advantage over the power transistor since the power
transistor requires the signal be applied continu-
ously to hold the switch closed.
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Current gain exists between anode and gate dur-
ing turn-off as well as turn-on. Thus the GTO has
the advantage over the SCR in d-c¢ switching of
faster turn-off and higher speed operation. As a
result, commutating components can be smaller
and cheaper. Turn-off speed is 10 times faster than
that of the SCR, with turn-off gains of 5 to 15. Also,
load waveform distortion is minimized because
commutation transients are remote from the load
carrying circuits.

Compared to switching transistors, the GTO re-
quires much less drive power, because of its true
bistable nature. The new device can handle much
higher load power for the same current rating,
because it is inherently a high voltage device,
whereas the transistor is not. In a-c applications,
the GTO can be phase-controlled for power factor
improvement. The GTO is still a low-power device,
however, the largest commercially available GTO
being rated at about 7.5 amps at 500 to 600 volts.

GTO characteristics

Like the SCR, the GTO is triggered into conduc-
tion by injecting a pulse of forward current across
its gate cathode junction. Generally, more gate cur-
rent is required to trigger the GTO than an equival-
ently rated SCR. Latching and holding currents are
higher, and more power is dissipated during for-
ward conduction. As the potential turn-off capabil-
ity of the GTO is increased the wider these dis-
crepancies between SCR and GTO become. They
are the price paid for gate turn-off capability. As
an illustration, consider the General Electric G5
series GTO and the G6. The G5 series GTO fea-
tures low trigger, latching and holding currents,
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Gate triggering characteristics are needed to design circuits using GTOs. The first quadrant defines the positive gate
triggering voltage-current relationship while the third quadrant displays the equivalent negative turn-off data

with gate turn-off up to one ampere. The G6 series
requires higher trigger, latching and holding cur-
rent, but has turn-off capability up to two amperes.

Since the GTO is intended primarily for d-c
switching applications, a high reverse voltage rat-
ing is unnecessary in most applications so all
standard G5 and G6 devices have a nominal 25
volt reverse rating only. When a higher reverse
voltage capability is required a conventional sili-
con diode may be connected in series.

The GTO is charge-operated in the sense that
positive gate current must flow for a finite time to
trigger the device “on”, while negative gate cur-
rent must flow to turn it off again. In either case
gate voltage must be provided to force the gate
current through the GTO’s internal gate impedance.
Since the gate impedance is not constant, it is most
convenient to display the gate volt-ampere charac-
teristics of the GTO in graphical form.
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The first quadrant defines the positive gate trig-
gering voltage-current relationship, while the third
quadrant displays the equivalent negative turn-off
data. To ensure turn-off, negative gate voltages in
excess of the static gate cathode avalanche voltage
of some units must be provided. This characteris-
tic precludes the use of d-c or long duration gate
turn-off pulses, unless a silicon diode is connected
in series with the GTO cathode lead. Without such
a diode, overheating of the gate-cathode junction
after turn-off might result. If the diode is not used,
gate pulse duration must be less than specified (see
chart) for a given gate pulse magnitude.

Turn-off characteristics

To turn off a conducting GTO, sufficient charge
must be extracted from its gate to stop internal re-
generation. The charge required can be computed
from minimum turn-off gain (G;) and the gate pulse
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width at which G; is specified. (G, is defined as the
ratio of anode current being turned off to the nega-
tive gate current required to effect turn-off.) Since
gain is a function of several variables, including
pulse width, G; is specified for worst case condi-
tions. The major factors affecting turn-off gain are:

(a) Gate pulse width—As the turn-off gate pulse
duration is decreased, gate current magnitude must
be increased to maintain the correct charge rela-
tionship. The relationship between turn-off gain
and pulse duration is shown in chart (A).

(b) Anode current—turn-off gain is dependent on
the magnitude of anode current being turned off.
As anode current is increased above the holding
current level, turn-off drops rapidly from infinity to
Iz to some minimum value, and then climbs stead-
ily upward again. At slightly above the maximum
anode current that can be gate-commutated, turn-
off gain drops suddenly to zero. This effect is
caused by the inability of the gate to maintain con-
trol over the entire GTO cathode region at high
current levels, and is a characteristic of all gate
turn-off switches. It is possible to destroy a GTO by
attempting to gate-commutate more than the design
level of anode current. Chart (B) shows the varia-
tion in turn-off gain with anode current for the G6
GTO.

(c) Junction temperature—in general, gain de-
creases as junction temperature increases. Mini-
mum turn-off gain is usually specified, therefore,
at maximum rated junction temperature.

(d) Anode voltage and load impedance—turn-off
gain is somewhat dependent on the anode supply
voltage, and the nature of the load impedance in
the anode circuit. As anode current starts to fall
during the final phase of turn-off, the magnitude of
the resultant voltage that develops across the center
blocking junction of the GTO affects the ability of
the gate to complete its job. The higher the voltage,
the more difficult it becomes to complete commu-
tation. An unclamped inductive load can generate
a high forward anode voltage during turn-off, which
will affect gain the same way as does a high sup-
ply voltage.

(e) Turn-off gate pulse rise and fall times—a
fast-rising negative gate pulse is beneficial to the
turn-off process, but too rapid a pulse decay time

The author

Denis R. Grafham joined GE’s
Rectifier Components Department in
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application work and preparation of
technical literature in connection
with SCRs, rectifiers, light
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turn-off switches.
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can degrade the GTO’s turn-off gain. Both these
effects are associated with the GTO’s gate-cathode
capacitance. While the negative dv/dt of the pulse
leading edge speeds up turn-off by discharging the
gate capacitance out of the gate, the positive dv/dt
of its trailing edge tends to recharge the capac-
itance in a direction to retrigger the GTO. A similar
phenomenon affects the GTO during turn-on. Here
a fast rising trigger pulse facilitates turn-on and a
rapid decay encourages subsequent turn-off. The
effect manifests itself during turn-on as an apparent
decrease in gate trigger sensitivity and as an in-
crease in anode latching current.

Turn-off methods

The GTO may be turned on and off by alternately
charging and discharging a capacitor connected in
series with its gate lead. When switch S, is opened,
capacitor C; charges to E; through R, and the
GTO’s internal gate impedance. For the GTO to
trigger, the following equations must be satisfied:

Ry < (Ey— Verm)/3Ieru (1)
C, = ti/(Ry + Veru/Ierm) (2)
where Vgry = maximum gate voltage to trigger

(volts), Igry = maximum gate current to trigger
(amps), t; = pulse duration at which Igmy is spe-
cified (seconds).

When S, is closed, the charged capacitor C; dis-
charges through R, and the GTO’s gate impedance,
and the GTO will turn-off providing:

Ry < (Ev — Vro)/2Igro) 3)
Ci = t/(R: + Vero/lero) 4)

where Vgro = maximum gate voltage to turn-off
(volts), Igro = maximum gate current to turn-off
I;, amps (amps), t- = time duration at which Igro
is specified (seconds), I;, = anode current follow-
ing at instant of commutation (amps).

Equation 3 defines only the maximum value of
R. for guaranteed commutation. In most practical
circuits, for more rapid turn-off, R: can be made
much smaller than its calculated value. The lower
limit on R. is determined either by the peak re-
verse gate power rating of the GTO, or by some
other limiting circuit consideration, such as the
current rating of S;.

Series capacitor turn-off

To select Ry, Ry and C; for a G6F GTO operat-
ing in the circuit of (A), where E; = E; = 28 V
(d-c); Ta = 25 C; Ry, = 28 ohms, equations 1 to 4
are used. Assume Vegru = 2V, Igry = 20 ma, t; =
20 uS and I;, = 1 amp.

From Eq. 1, R; = 430 ohms. If R; = 390 ohms
(nearest 10 percent value) Eq. 2 gives C; = 0.0235
uf. From G6 specifications, minimum turn-off gain
C; = 5 for 500 ma = Iy, = 2 amps; Ty = 100 C; t,
= 10 pS.

The maximum gate current to turn-off, Igro is
given by: Igro = I,/G; = 1/5 = 200 ma. From G6
specifications, maximum gate voltage to turn-off,

e

Vero = 21 volts. Equation 3 gives R: = 17.5 ohms
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and eq. 4 gives C; = 0.129 xF. Since the value of
C; calculated for proper turn-off is higher than that
required for turn-on, the higher of the two values
must be used or let C; = 0.15 pf which is the near-
est standard value. Using G6 specified peak reverse
gate power of 20 watts, the locus of all possible
(Ve - Is = 20 watts) is plotted on the gate volt-am-
pere characteristics. The gate turn-off source load
line must lie to the right of this curve. The open
circuit gate source voltage E; = 28 volts. The maxi-
mum permissible short circuit current Isc = E;/Rs
where R. is the slope of the line drawn on the V-A
characteristic from E;, = 28 volts tangential to the
20-watt peak power locus. The slope of such a line
is 10 ohms. Thus Rg (MIN) = 10 ohms.

Parallel inductor turn-off

The GTO can be turned off by attempting to in-
terrupt direct current flowing in an inductor con-
nected between its gate and cathode terminals. In
circuit (B) when switch S; is closed, current will
flow through resistor R, and into the GTO gate. If
the peak value of gate current (E; = Vgou)/Ry >>
Iy, the GTO will trigger. Assuming the GTO gate
impedance is high compared to the d-c resistance
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of inductor L, in the steady state i, — E;/R;. If
switch S; is now opened, the current i, must trans-
fer from R, to the gate, and the GTO will turn off
provided: E,/R; = 2l and (L) (Igvo)/Caro = to.

Because the switch S; is required to carry the
peak turn-off current i, for as long as the GTO is in
conduction, it is usually necessary to select R, for
minimum permissible turn-off current. In low speed
circuits i, can be minimized by stretching out the
turn-off pulse time constant.

Load in cathode commutation

In the next circuit of the figure the load imped-
ance is connected between the GTO cathode ter-
minal and ground. A short positive pulse of gate
current applied to the gate terminal through diode
D; will trigger the GTO and energize the load.
Diode D;, a fast recovery type, decouples the gate
triggering source as the gate and cathode terminals
jump up to the supply voltage. The GTO can be
turned off now by closing switch S;, when current
is diverted out of the gate terminal to ground
through current limiting resistor R;. The value of
R, is selected so that as the load cathode current
and voltage decay during the final phase of turn-off,

67



sufficient current always flows out of the gate to
satisfy relationship:
Rl = R[, (Gl = 1) = (I/GTO ¥ = GI)/IA

where G; = minimum turn-off gain over the anode
current range I, to holding current; Vgro = maxi-
mum turn-off gate voltage (volts); I, = peak anode
current during commutation = I /(1 — 1/Gy)
amps.

Capacitor C,, which provides a low impedance
bypass around the load for the triggering pulse,
also aids the turn-off process by “holding up” the
load voltage as cathode current falls. In circuits
where the load impedance presents a sufficiently
low impedance to the trigger pulse, C, can often
be eliminated.

Because there is no energy storage needed in re-
active commutating elements, as in the two previ-
ous turn-off methods, GTO circuits employing
cathode commutation are inherently capable of
very high speed operation. The main disadvantage
of the method is that during the turn-off interval
anode current is increased by the amount of gate

current flowing through R;. As a consequence the
allowable load cathode current must be reduced
by a like amount so that the total peak anode cur-
rent rating of the GTO is not exceeded during
turn-off.

Special turn-off circuitry

In some GTO applications it is possible to aid
the gate turn-off action by means of a special cir-
cuit.2 As the GTO starts to turn off under the influ-
ence of a negative gate signal, part of the diminish-
ing anode current is diverted away from the GTO
as charging current to capacitor C;. The amount of
current diverted depends on the size of C, and on
the rate of rise of anode voltage during turn-off
thus: I. = C - dr/dt. This circuit allows higher
than rated anode current to be gate commutated,
although at the expense of load turn-off speed. Re-
sistor R is added to limit capacitor discharge cur-
rent through the GTO during turn-on. Diode D,
bypasses R for maximum current diversion during
turn-off.

Putting the gate turn-off to work

Here are six applications that make good advantage of the

GTO: aflip-flop, ring counter, sawtooth generator, voltage
regulator, high frequency chopper, and high voltage generator

The circuit P. 69 is a GTO adaptation of the SCR
capacitor—commutated flip-flop. The diodes are
GE1IN2613s and the GTOs are GE G611Bs with
suitable heat sinks. The circuit transfers load cur-
rent from one load to the other each time a positive
trigger pulse is applied to the common input line.
Operation to over 10 ke is possible, and the circuit
will accommodate a wide range of load voltages
and currents, with suitable component selection.

Assume GTO; is conducting load current, and
GTO. is blocking. Capacitor C. charges to the
supply voltage through load Ri. and resistor Ri.
When GTO. is turned on by the next positive trig-
ger pulse through Rs; and Dy the gate of GTO; is
driven negative by the voltage on C. and GTO,
turns off. Peak negative gate current is limited by
resistor R.. GTO, is commutated in turn by capac-
itor C,, as GTO, is triggered on again.

The flip-flop configuration can be used as a trig-
ger pulse generator for high power SCRs in in-
verter circuits, or in other applications where high
peak pulse power is required. The next circuit illus-
trates such a trigger circuit that incorporates means
for positive starting when power is first applied.
Each of the four output windings will deliver more
than 1 amp peak into a 10 ohm load. But pulse rise
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time is approximately 1 microsecond and pulse
width is around 20 microseconds. The circuit has
operated to 10 ke.

Each time the unijunction transistor Q, fires, the
GTOs change their state. When GTO; turns on, a
pulse of current flows in the primary winding of
transformer T, to charge capacitor C;; similarly
when GTO, turns on, current flows in T» to charge
C.. These pulses appear as outputs in the trans-
former secondaries. The positive start feature works
as follows: When power is first applied to the circuit
both GTO, and GTO. are off. Diodes D; and D are
both back biased, interbase current is unable to
flow in Q, and Q; cannot fire. Capacitor C; mean-
while charges towards the supply voltage through
resistor Ry. As soon as the voltage on C; exceeds
the breakdown voltage of zener diode D;, SCR,
turns on and allows C7 to charge. The charging cur-
rent of C; then triggers GTO;. With GTO, on, in-
terbase current for Q; can flow through D; and the
conducting GTO, and the unijunction transistor
takes over the triggering.

Ring counter

A ring counter may be considered as a circuit
that sequentially transfers voltage from one load to
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GTO adaptation of the SCR capacitor-commutated flip-flop
transfers load current each time a positive trigger
pulse is applied

the next, when a number of loads are connected to
form a closed loop. Transfer around the loop pro-
ceeds always in the same direction, and is initiated
by pulsing a common shift line. The ring counter is
actually an extension of the basic flip-flop circuit, a
flip-flop being a two stage ring counter. In this cir-
cuit three GTOs drive a trio of incandescent lamps,
but other types of load may be substituted and
more stages added as desired. A ten-stage circuit
using 10 GTOs can perform the function of a
decade counter with direct lamp readout.

When power is first applied to the circuit none
of the GTOs will turn on. To start the circuit, the
set pulse input button is closed, turning on GTO,
and applying voltage to the lamp load I,. At this
point diodes Dy and Ds will be reverse biased by
the full supply voltage while diode D; will be re-
verse biased by less than 2 volts, as determined by
the respective anode voltages of the GTOs. If a
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Ring counter may function as decade counter with direct
lamp readout

positive pulse having amplitude greater than 4
volts, but less than the supply voltage, is applied
to the shift line, Dy and Dg will block the pulse
from the gates of GTO, and GTO; while the pulse
will be transmitted to the gate of GTO, through D;
and C., causing GTO; to turn on. As GTO. turns
on, GTO, is turned off by the negative gate tran-
sient coupled into its gate via C;, R; and diode D;.
When the next pulse arrives at the shift line, GTO,
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GTO can be used as a high speed hammer driver for a computer readout mechanism (A) and as a free-running high

voltage sawtooth generator (B)

turns on and GTO, turns off.

The next figure (A) shows how the GTO can be
used as a high speed “hammer” driver for a com-
puter or similar readout mechanism. Since speed
is the primary objective here, the load solenoid is
deliberately overdriven for a short time by connect-
ing it suddenly across a high voltage bus, and then
disconnecting it again before overheating can occur.
The GTO has both the switching speed and high
voltage ability for this type of duty. Load current
rise and fall times for this circuit are both consider-
ably less than one millisecond.

Sawtooth generator

The adjacent circuit (B) illustrates a free-running

Editor’s note

high voltage sawtooth generator. When power is
applied to the circuit, the GTO will trigger and con-
nect the supply across C;. As the voltage across C,
rises above V, (the avalanche voltage of D,), GTO’s
gate becomes reverse-biased, current in the gate
lead reverses, and the device turns off. C; then dis-
charges through R; and the parallel external load
impedance, if any. GTO will turn on and repeat
the cycle when the voltage across C; decays suffi-
ciently below V, for positive gate current to flow
again.

Voltage regulator

The GTO is an ideal device for d-c to d-c step-
down transformer applications. It has the necessary

In addition to General Electric, other companies supply turn-off SCRs (or gate controlled switches): Motorola Semiconductor Products, Inc., Texas

Instruments, Inc., Westinghouse Electric, Solid State Products, Inc. and Transitron Electronics Corp.

Some typical devices with manufacturer’s ratings:

Type Max rms Fwd blocking Max gate
Mfgr: Series Package fwd curr. voltage turnoff curr.
Motorola: ; coumi o vis 50 s e MGCS 821 TO-41 5 amps 25-200 v 500 ma @ 5 a
R " b 300-400 1a@ 5a
MGCS 924 & 925 ¢ 25-400 500 ma @ 5 a
Texas Instruments.......... X120A0 Stud mounted 5 amps 50V 360ma @ 5 a
X120A1 & 100 e
X120A2 g 200 e
Westinghouse Electric....... 241 U Same as 5 amps 50-700 Vv 1.50@ 4a
241 W JEDEC 2N1770 = & 1.50@5a
242 X TO-48 stud 7.5 50-800 1.50a@ 6a
242 Y & » 1.00@6a
242 2 10 % 1.00@8a
243 X, Y, Z TO-3 diamond same as 242 series
Solid-State Produets........ 2N892 TO-18 8 ma 15-200 v 2ma @ 4 ma
2C1030 TO-9 100 30-200 1.5 ma @ 100 ma
3C020 200 - 20 ma @ 200 ma
Transiron ... .s <o o o5 st TSW30 TO-5 50 ma 30-200 Vv 10 ma @ 50 ma
TSW31 TO-18 2 s ”
TSW3la 100 a 20 ma @ 100 ma
2N764 200 i 40 ma @ 200 ma
2N1686 TO-5 700 s 100 ma @ 500 ma
SW30 TO-18 30 30 8 ma @ 30 ma
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Combined with a silicon power transistor, the GTO operates as a prime switching and regulating element (A). The
100-ke chopper circuit (B) is notable for its versatility and simplicity. Circuit (C) may be used in a very high

voltage pulse generator or as d-c step up transformer

voltage capability to work from high voltage d-c
power sources, is able to switch efficiently at high
frequency for good transformer use, is small,
rugged and has silicon reliability. A single GTO (A),
operating as the prime switching and regulating
element, is combined with a silicon power transistor
to form a high performance 200 volt d-c to 24 volt
d-c regulated power supply. This type of circuit by
virtue of its low weight, small size and efficiency is
adaptable to many computer, missile, and airborne
power supplies, test equipment and various other
industrial applications.

In this circuit, with input voltage varying between
100 and 200 volts d-c, and/or load current-varying
between 0-100 milliamperes, output voltage regula-
tion is less than three percent. Ripple at full load is
less than 300 millivolts. Circuit efficiency is around
50 percent with the components shown. Most of the
circuit losses occur in resistor Ry, which has to pro-
vide gate trigger current for the GTO at the lowest
expected supply voltage. For optimum efficiency
with other supply voltages, R, should be selected to
provide 10 milliamperes to the GTO gate. :

The chopper circuit (B) is notable both for its
versatility and simplicity. When power is applied,
GTO; stays off until the volt-second integral across
winding 1-2 of transformer T, is sufficient to cause
T, to saturate. As T, saturates, its impedance falls
and positive gate current flows through R; and R. to
trigger the GTO. Winding 3-4 provides regeneration
to speed up the turn-on process. With the GTO con-
ducting load current, the voltage across winding 1-2
reverses, since the gate and cathode terminals are at
- 28 volts, and T; comes out of saturation. GTO,
continues to conduct until T, saturates in the re-
verse direction, when negative gate current flows to
ground through R; and the GTO turns off. On-to-off
time is determined by the setting of potentiometer
R.; alternatively a third bias winding may be added
to T; to effect control of the duty cycle electrically.
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With a third winding added, d-c control current in
one direction will increase the duty cycle, while con-
trol current in the opposite direction will decrease
the duty cycle. By applying a-c to the control wind-
ing it is possible to modulate the average output
load current. With the components the circuit op-
erates at approximately 100 ke.

High voltage generator

Circuit (C) may be used as a very high veltage
pulse generator, or as a d-c step up transformer.
Operation is as follows: with transistor Q; biased
on, current flows through R; to trigger the GTO on,
current builds up both in the primary of trans-
former T, and in the inductor L;. When Q, is shut
off, the current flowing in L, transfers to the GTO
gate, and the GTO turns off. As the GTO turns off,
a high voltage pulse is induced in the secondary of
T;. The pulse is in the form of damped oscillation,
of frequency determined by T: and capacitor C;.
The output may be rectified and integrated if de-
sired. With the components shown, 3 to 5 kv peak
is available at the output terminals of T;.

With suitable components this circuit forms the
basis of an extremely high performance automotive-
type ignition system. Using a low-inductance igni-
tion coil in conjunction with an experimental 7
ampere GTO, the circuit-develops 25-30 kv with
minimal output drop from 0 to 400 pps, equivalent
to 0-6000 RPM for a four-stroke V8 auto engine.
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Comparator controls
battery charging rate

By A. Anton

President, Deltron Inc., Philadelphia, Pa.

A military communications system required a
power supply that kept the system in operation
despite a sudden power line failure. The final de-
sign called for lead-acid storage batteries as a
source of standby power, which were to be
switched in and out as required. It was also speci-
fied that the batteries must go on charge immedi-
ately after restoration of primary power, and be
fully charged within a 20-hour period in readiness
for a second power failure.

The regulated power supply of the system con-
tains a quasi-constant current source for charging
the batteries. The current source has two output
ratings selectable by the charge-control circuit.

The circuit shown acts as a precise analog com-
parator to ascertain the state of charge of the bat-
tery, and when full charge is reached it automati-
cally transfers the battery to constant current
trickle charge. The reference voltage provided by
zener diode D» is compared against a fraction of
the output, using Q; as the comparator. As the bat-
tery output rises, and reaches a preset voltage
level, transistor Q; turns on, applying base current
to Q. and energizing relay K;. Immediately upon
activation, K; is latched into position by the con-
tact in the sampling network.

As polarization gradually subsides, the battery
voltage returns asymptotically to its full charge
value. If because of temperature conditions or
other variables the trickle charge rate does not
maintain the battery at full charge, the voltage
drops until Q, cuts off, simultaneously cutting off
base currents to Q. and de-energizing K,;. This
places the battery again under the 20-hour re-
charge rate.

With this circuit, overcharging of the battery
is eliminated since the cutoff point is experimen-
tally determined by correlating voltage measure-
ments under constant current charging conditions

m Circuit measures a battery’s charge
m Blotting out an unwanted harmonic

m Micro packaging squeezes in discrete components

VALUES SHOWN FOR CONSTANT
NOM 12V BATTERY CinRer
. Rare | RAT
SR3 Rs & &Re ke
ADJ. ¢ 562K 56K 21K
0 4 R ;'A" guznu
—d
o™ | ff,?_(i? 210
T Kea Kig
o i (O T Q4 12V DPDT \
TURN ——:: \ 2N697 RELAY MAX \L
ol Bey coIL CURRENTS|[ K1 |
2K 5 7| 0.2A |
Ra ¢ . | ¥Dia |
] I _UNITS
3.48KQ | ¥ass (I2\02 “
| 1B |
Dy il | IN706 \
TI-56 e I \
at | |
T e L on N R Jd

After system primary power is restored, this controller
recharges batteries in 20 hours, provides trickle charge

with specific gravity measurements. These data
can be used to set the relay for any operating tem-
perature. This system has a particular advantage
in the case of a number of short-duration power
failures, where timer-type rechargers would over-
charge and shorten the life of the batteries.

Symmetrical limiting i-f
reduces second harmonic

By R.F. Kirkpatrick and R.C. Stouffer

Bendix Corp., Mishawaka, Indiana

This symmetrical limiting i-f amplifier was devel-
oped for the frequency-locked/phase-locked loop of
a radar tracking and acquisition receiving system.
In this application, it was extremely important to
minimize the second harmonic output. The conven-
tional (saturation and cut-off) type of limiting i-f
amplifier, previously in use, had an unpredictable
second harmonic output which was large enough
at some input power levels to cause loop problems.
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Harmonic content of i-f output contains primarily third
harmonic over a wide range of input power

The second harmonic of the symmetrical limiting i-f
amplifier is at least 35 db below the carrier over a
voltage input range of 0.03 mv to 30 mv. The max-
imum variation of the second harmonic was less
than 8 db over the same input voltage range.

A slight modification to the four-stage symmet-
rical limiting i-f amplifier results in a phase shift
of less than 25 degrees as the input voltage is
varied from 0.01 mv to 100 mv for applications
where phase shift considerations are of primary
importance. The modification consists of adding
one additional stage and adding a resistor Ry in
parallel with the feedback diodes (see dashed lines
in figure). At low signal levels the resistor Ry re-
duces the effect of the diode capacitance and Yis,
reducing the phase shift per stage. Since Ry also
reduces the gain, an additional stage is required.

Another feature of this amplifier is the high gain-
space-density of 160 db/in*. A welded-contact,
potted assembly packages the four stage amplifier
in 0.5 cu in. The silicon planar epitaxial transistors
used yield a high gain-bandwidth product and low
noise figure of less than 5 db at low signal levels.

Squeeze in more components
by adding a micro amplifier

Designers of military cquipment usually cite re-
duced size and weight and increased reliability as
their reasons for going to microelectronics. But de-
signers of consumer items may find microcircuits
advantageous for other reasons.

Bill Greenbaum, director of hearing aid engineer-
ing at Zenith, designed a Texas Instruments mono-

lithic silicon microcircuit into his latest eyeglass
hearing aid to permit adding extra features to the
product. For the first time it became possible to
build a magnetic pick-up coil into a small-size hear-
ing aid. The coil couples the hearing aid’s input
directly to the receiving coil of the telephone hand-
set and thus bypasses both the hearing-aid micro-
phone and telephone earphone to achieve less noisy
reception. There is also a special telephone switch
that has both spring-return and lock modes of oper-
ation with a tap return in the lock mode. These fea-
tures could be added because microminiaturization
cut the size of the printed-circuit board in half.

The new amplifier delivers 75 decibels of power
gain (transducers account for the 22-db loss). Dis-
tortion from 300 to 5,000 cps is less than two per-
cent. This is as good or better than the performance
of an equivalent amplifier using discrete compo-
nents. The integrated amplifier is a triple-diffused,
four-layer module that measures only 0.065 by
0.150 by 0.007 inch and occupies only +; of the vol-
ume of its flat pack.

The first stage is an npn common-emitter ampli-
fier with an unbypassed emitter resistor that con-
tributes negative feedback.

The second stage is an npn common-emitter with
a grounded emitter. It is directly coupled to the
first stage. The top of the volume-control potenti-
ometer is connected to the second-stage collector
while the tap on the voltage-control potentiometer
feeds the base of the third stage. The third stage
is a common-emitter npn transistor. Its emitter re-
sistor is unbypassed and is shared with the fifth
stage.

The third, fourth and fifth stages replace a single
output stage in the discrete-component amplifier
and eliminate the problem of the tight electrical
tolerances on this part. The sixth transistor stabi-
lizes the fifth stage against increased current drain
when temperature rises.

Monolithic amplifier, old circuit and earphone (top);
microphone, new circuit and telephone coil (bottom)
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Microelectronics

Integrated circuits shrink
a doppler radar system

Integrated circuit functions, used most often in digital
computer applications, are slowly invading analog
circuitry. Here is how off-the-shelf miniaturized

components were designed into the linear circuits of an

airborne radar system to be flight tested soon

By E.M. Pacifico and Stanley King

Senior Engineers, GPL Division-General Precision Aerospace,

It now seems clear that integrated circuits improve
the reliability, maintainability and effectiveness of
military electronic equipment by nearly an order
of magnitude. At the same time they reduce the
size and weight of airborne gear by even more
than that amount. So far, most of the successful
applications of such microelectric circuits have
been in digital equipment, like the computers for
the Minuteman missile guidance system, and only
few accomplishments have been reported minia-
turizing analog circuits this way. General Precision
Aerospace has now designed and built a micro-
electronic dopplar radar navigation system. The
major circuits of a radar system, of course, are
basically analog.

This program demonstrates a procedure for de-
signing analog circuits with integrated circuits.
The equipment is markedly smaller and lighter;
more reliable, better performing, easier to maintain,
and less expensive. The approach is applicable to
most radar systems.

Seventy percent of the General Precision radar
has been microminiaturized with off-the-shelf
microelectronic integrated circuits (MICs). Arpli-
cation of this technique to the remaining portions
of the system would, in certain instances, contri-
bute more complexity and less desirable character-
istics than the original conventional circuits. In
these cases, an adaptive interconnect approach’
using uncommitted silicon wafers obtained from
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major integrated circuits and manufacturers is
being applied.

The doppler radar system, with its standard
MICs, thin-film adaptive networks, and MICs with
special interconnects—will be test flown in mid-
1964. Even as the flight test program is underway, a
continuing product improvement program will re-
duce discrete component use by increasing use of
special interconnect MICs.

Future areospace navigation systems will be re-
quired for a wide variety of missions and aircraft,
including VTOLSs, helicopters, advanced manned
penetrator strike systems (AMPSS), as well as con-
ventional high performance vehicles. While initial
hardware developments have been concentrated on

TRANSMITTER

MODULATION

FREQUENCY

RECEIVER Bk

ANTENNA {

GROUNDSPEED AND
DRIFT ANGLE OR
HEADING AND CROSS
HEADING COMPUTER

Self-contained doppler navigation system consists of four
principal electronic blocks—transmitter, receiver,
frequency tracker and computer
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Microcircuit version of frequency tracker audio circuit replaces printed board version that uses discrete components

helicopter and VTOL applications, the new doppler
navigation system design promises a universal
navigation system for virtually all tactical, strategic
and aerospace radar navigation requirements, at
unmatched reliability and economy.

Doppler radar equipment measures the velocity
of an aircraft with respect to the earth by measur-
ing the doppler frequency shift returned from three
or four beams of microwave energy aimed at the
ground and reflected back to the vehicle. The meas-
ured doppler frequency is proportional to the com-
ponent of velocity in the direction of the beam;
beam velocities are processed to provide outputs
of aircraft ground speed and drift angle and/or air-
craft heading and cross heading velocities. Doppler
systems can be completely self-contained within an
aircraft operating without reference to external aids
such as ground beacons.

Analog versus digital approaches

MICs, designed for digital applications, can be
used repetitively in great quantities, the high vol-
ume requirements leading to low unit cost. Since
digital circuits indicate one or the other of two
states, power dissipation is low and tolerances can
be loose. All these factors make digital MICs at-
tractive, low in cost and readily available. On the
other hand, analog type circuits have none of these
advantages, and applicability of MICs to this type
of circuit is not obvious. Thus it is desirable to use
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digital techniques wherever possible to accomplish
a function, and it is often advisable to employ dig-
ital circuits even at the cost of additional complex-
ity. On the other hand, trade-offs have to be care-
fully investigated to avoid digitalizing “at all cost”.

A study was made of a doppler radar frequency
tracker in an attempt to convert it to digital circuits.
The function of a frequency tracker is to measure
the doppler shifted frequency of ground returns
consisting of a Gaussian frequency distribution
superimposed on varying amounts of background
noise. Measuring the frequency of this type of signal
is incompatible with pure digital techniques, so the
digital approach had to be supplemented by analog
circuits. This led to a small reduction in total num-
ber of analog circuits, but added the complexity of
a great number of digital circuits. In this case, the
total function is better performed using analog type
MICs. The function of computing velocity outputs
from the frequency signals was also investigated.
Here it was found that frequency-to-current con-
verters and servo loops could easily be replaced
by digital computations, with an improvement in
accuracy.

Designing analog portions of a radar system in
microcircuit form can be accomplished in several
ways: the application of thin-film, custom MIC,
semi-custom MIC, or off-the-shelf hybrid ap-
proaches.

With a minimum of redesign, existing circuits can
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the 30-Mc amplifier stage. The suppressed carrier
double-balanced modulator (B) has achieved a carrier
rejection of 40 db. MICs are in color

be replaced by thin-film networks where active
components were added in discrete form. Each cir-
cuit requires its own thin-film mask, increasing the
expense with little reliability improvement. Size
may be greatly reduced, but reliability is only im-
proved by reduction in the number of interconnec-
tions.

At the present state-of-the-art, special MICs can
be designed and built in single or multichip form
to accomplish most analog circuit functions. This
is an extremely expensive undertaking, not only in
the design effort, but in ultimate high production
costs. With little redundancy required in such cir-
cuit functions, small quantity requirements of any
single MIC lead to excessive cost. In addition,
proof of reliability is almost impossible since sam-
ples large enough for statistical validity would not
be available.

To overcome most of the undesirable features of
custom MICs, a semi-custom approach appears to
be an attractive alternative. A recent development!
consists of purchasing from major MIC vendors
silicon wafers upon which both active and passive
elements exist but without deposited interconnects
between elements. These uncommitted wafers can
be adapted to a wide variety of circuits by simply
depositing the appropriate interconnect pattern.
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Current development in this area has been quite
encouraging and work is continuing to further ad-
vance the capability.

Each of the above approaches used independ-
ently falls far short of all the objectives sought. In
the development of the helicopter doppler radar
system, the necessity to minimize the transition
time from laboratory to production hardware re-
sulted in an off-the-shelf hybrid approach. In es-
sence, this approach consists of purchasing only
those MICs, both analog and digital, which are be-
ing offered as standard catalog items and then com-
bining them where necessary with external adaptive
networks made up of thin-film and/or discrete com-
ponents. Actual implementation of this method
demonstrates improved reliability, performance,
and maintainability, and considerable reductions in
weight and size. A slight cost disadvantage now
exists but all predictions prevalent in the microcir-
cuits industry are quite optimistic and anticipate a
rapid downtrend during 1964.

Design procedures

Although microminiaturization techniques are
far from being amenable to “cook-book” design
procedures at this time, an orderly succession of de-
sign and evaluation steps speeded development of
the helicopter doppler radar system. The main
steps:

1) The areas most adaptable to the use of MICs
are determined on a system-wide basis. Decisions
are based primarily on whether analog and/or dig-
ital circuits are required to perform the overall
functions.

2) Major system functions so chosen are care-
fully subdivided into their detailed sub-functions.

3) Each sub-function is analyzed separately to
obtain required performance parameters and then
related to the preceding and following sub-func-
tions. Tentative decisions as to the choice of avail-
able MICs and adaptive networks are made.

4) Based on the choices made above, discrete
component circuits are designed, bread-boarded,
and evaluated. In some instances, this intermediate
step can be by-passed in favor of going directly to
the ultimate microcircuit version.

5) Regardless of which version is adopted first,
the designer must evaluate each circuit on the basis
of insuring compatibility with adaptive network re-
quirements. Specifically, all external passive ele-
ments are scrutinized to determine whether they
can be easily converted to thin-film devices on a
practical basis. Circuit redesign may be necessary
at this stage to reduce resistor and capacitor values
and to lower voltage and dissipation in order to
realize compatibility with present state-of-the-art.

6) To avoid the use of an excessive number of
different MICs, the designer examines the available
devices carefully to decide which units are most
universally applicable to a variety of circuits. As an
example, the Fairchild MIC differential amplifier
type DA10111 has been made to function in a-c and
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d-c amplifiers (both single and double ended), mod-
ulators, phase splitters, d-c controlled astable mul-
tivibrators, crystal controlled oscillators, sum-differ-
ence amplifiers, and a d-c inverter, using simple
adoptive networks.

7) Design field-effect transistors (FETS) into cir-
cuits wherever they may be used to advantage. The
trend in microcircuits, and this includes both MIC
and thin film, appears to point markedly toward in-
creased use of FETS as integral portions of these
devices.

Here is how this system worked during the de-
sign and development of the doppler radar system.
A completely self-contained doppler navigation
system (below) consists of four principal electronic
building blocks—transmitter, receiver, frequency
tracker, and computers.

High power and high frequency (gigacycle) re-
quirements in the transmitter are not now com-
patible with microcircuit techniques. But, in keeping
with microminiaturization and the use of all-solid-
state hardware, conventional magnetrons or kly-
strons commonly used in a radar system are being
replaced by varactor multipliers. Advanced devel-
opment is also underway to replace microwave
plumbing with stripline.

Most adaptable for integrated circuit use are the
timing frequency generating circuits required for
the transmitter. Low-frequency beam switching is
usually accomplished with crystal switches. A large
signal is required to drive these switches in their
best operating range. This restriction dictates a dis-
crete transistor driver, but MICs may be used in all
frequency dividers and gates.

To preserve coherence, and to avoid a multiplic-
ity of oscillator instabilities, all modulation and ref-
erence frequencies are derived from a single, high-
frequency oscillator. This frequency is divided
down in a chain of countdown circuits. Motorola’s
MECL logic circuits have been found suitable to
perform the countdown operation in the megacycle
range, and Texas Instruments’ Series 53 units are
used in the low frequency counters. A single type,
low-cost logic circuit, covering the entire frequency
range, should be available in the future.

All 30-Mc circuits in the received employ Motor-
ola MC-1110 emitter-coupled MIC amplifiers.
These amplifiers require external adaptive circuits
for a typical 30-Mc amplifier stage (see A). Here the
advantages achieved are not so much in the reduc-

The authors

Emilio M. Pacifico joined GPL
Division in 1954 and has been active
in developing advanced
semiconductor circuits for GPL's line
of doppler navigation systems. He
obtained his BEE at New York
University in 1951.
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tion of numbers of components, as in greatly im-
proved performance. The noise figure for an MIC
is similar to that of its discrete component counter-
part but the variation from unit to unit is consider-
ably less. Due to greater uniformity obtained using
MICs, the need for adjustments to counteract cir-
cuit nonuniformities is minimized or completely
eliminated. Resultant designs are amenable to vol-
ume production with savings in handling, quality
control, and eventual repair costs.

Most doppler systems require multiple i-f stages
where much of the necessary gain is in the vicinity
of 100 ke. Texas Instruments’ SN-522 operational
amplifiers will supply this gain if negative feedback
is used to broaden the frequency response. The
open loop gain of these operational amplifiers is 60
db. If only 20 db of closed loop gain is utilized, a
bandwidth of 150 ke is available and the resulting
gain stability is very high. Similar performance in
conventional transistor circuits would require more
complexity and many more components.

After amplification, detection, and frequency
translation in the receiver, the frequency shift of
the doppler returns is measured in the frequency
tracker. Circuits, operating in the audio and sub-
audio ranges, are required and analog type MICs
can be used extensively. Some of the specific func-
tions that have been successfully instrumented us-
ing MICs are modulators, integrators, filters, and
audio amplifiers.

A suppressed carrier double-balanced modulator
is shown in (B). Without balance adjustments, a
carrier rejection of 40 db has been achieved.
Double-balanced operation is obtained without
necessity of using push-pull carrier and signal in-
puts. The MIC package used is a Fairchild 10111
differential amplifier. This eliminates added circuits
to obtain the push-pull signals, such as transform-
ers or transistor phase splitters. The modulator also
provides 20 db of gain.

The figure (p 78) compares a conventional in-
tegrator (A) with the MIC version (B). Since high
gain and low drift are essential, a chopper stabil-
ized integrator is mandatory. To obtain low drift
characteristics, minimum offset in the chopper is
essential. With conventional circuits, the chopper
transistors must be used in matched pairs.

Use of a field-effect transistor (FET) in this appli-
cation has the advantage of zero offset as an inher-
ent device characteristic. Only one FET is neces-

Stanley King has been with GPL
since 1956 and is responsible for
circuit design for advanced doppler
navigation radars. He obtained a BS
in Physics from Technische
Hochschule, Vienna, Austria in 1938
and a MS in Electrical Engineering
from Columbia University in 1952
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1.5 kc single section low-pass filter uses the practical
approach of combining MICs and thin-film passive
components

sary. Referring to (B), the chopping and demodula-
tion are easily handled with a Westinghouse Elec-
tric double Unifet WM1111, housed in a ¥4 x Y4
inch flat pack. In addition, an identical unit is used
as a high impedance buffer between the chopper
and the a-c amplifier. One of the FETs in the pack-
age is used in the constant current high-impedance
region of its characteristic as a load for the other
FET. Essentially, this connection is the source fol-
lower circuit. Impedance transformation is needed
since resistance of an FET chopper in its “on”
state is in the order of 2000 ohms resulting in large
loss of gain unless the amplifier input impedance is
large. Impedance transformation makes it possible
to use smaller values of coupling capacitors, sim-
plifying conversion of external resistors and ca-
pacitors from discrete to thin film components.
The Texas Instruments SN-522 operational am-
plifier is used in an open loop mode to provide 60
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db of a-c gain. The signal is then demodulated in
one half of the WM1111 as described above. Addi-
tional d-c gain which is now considerably less sen-
sitive to drift is supplied by a Fairchild differential
amplifier. External capacitive feedback completes
the integrator.

R-C high- and low-pass filters with cutoffs in the
low audio or subaudio ranges are required in this
application. Active filters are used to avoid the use
of large value capacitors and resistors combining
the inevitable amplifier stage with the filter. Com-
plete filters therefore may be practically fabricated
within MICs without using external adaptive net-
works.

A current approach consists of combining MICs
and thin-film passive components. The circuit dia-
gram shows a 1.5 ke single section low pass filter.
Due to high gain in the operational amplifier, ex-
ternal resistor and capacitor values have been
greatly reduced compared to those required in an
equivalent passive filter. Multiple section filters and
filters with a twin-T circuit in the feedback loop are
practical when this technique of combination is
used. The cutoff frequency of these filters will not
be consistent from unit to unit, or over a large tem-
perature range. Stabilization of cutoff frequency
may be effected by reduction of the operational
amplifier gain using negative feedback, but only at
the cost of requiring larger resistors and capacitors,
and reduced overall gain.

Both the operational and differential MIC ampli-
fiers may be used for audio amplification. As in the
applications described above, high gain of the op-
erational amplifier makes it possible to use a great
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amount of feedback, resulting in excellent gain sta-
bility. The differential amplifier is only useful in
applications where larger gain variation can be
tolerated. Use of active filters and modulators elim-
inates the need for audio amplifiers since the modu-
lators and filters already have built-in gain.

The outputs of the frequency tracker are fre-
quency analogs of velocities along the beams. To
produce the final system outputs, a computation of
groundspeed and drift angle or heading and cross
heading velocities must be performed. This func-
tion is implemented by digital MICs, using mostly
counters, registers, and various gating circuits.
These circuits represent little that is new in design
techniques. Reference to current literature will
provide the reader with sufficient background.

The coverall benefits to be achieved in using MICs
have been repeatedly emphasized. However most
comparisons with conventional circuits and other
microcircuit techniques have been general, quite
philosophic and organized to demonstrate the ad-
vantages on a broad system basis. A departure
from this viewpoint will be presented here in that
onlv the common system function of amplification
will be considered.

Assume that a choice must be made between an
onerational amplifier such as Texas Instruments’
SN-522 MIC or its equivalent in discrete compon-
ent form. Which factor or factors would determine
the final choice—size, weight, cost, power dissipa-
tion, performance, reliability, or maintainability?

Conventional circuits vs. MICs—table

SN-522 MIC Conventional
circuit
Volume per unit gain 0.003 1
Weight per unit gain 0.03
Cost per unit gain 1.7 1
Power dissipation
per unit gain

0.12 1

Of the many possible figures of merit which may
be used for comparison, a useful combination con-
sists of evaluation of the applicable factors noted
above on per unit gain basis. Such a comparison
normalized for conventional circuits is shown in the
table. The conventional circuit referred to is one
in which the input-output characteristics are equi-
valent to that of the MIC. In this case, it is a tran-
sistorized operational amplifier typical of those
used repeatedly in a dopplar radar system. From
the table, the cost based on December, 1963 prices
favors the conventional approach. Forecasts point
toward at least an equalization in cost by the end
of 1964, and a rapidly lowering cost after that.

Performance, reliability and maintainability fac-
tors can be evaluated as follows:

Performance: In general, the gains presently
available with analog MICs exceed those required
for most applications. This excess gain can be used
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to improve the pertormance ot the circuit. 1he
equivalent gain in conventional circuits could only
be obtained with a great number of components
and therefore would not be economically feasible.
Better linearity, temperature stability and reduced
distortion are also possible with much less circuit
complexity and cost. Such improvements have been
demonstrated in GPL doppler equipment currently
under development, particularly in the application
of Texas Instruments’ SN-522 amplifiers.

Reliability: It is almost an order of magnitude
better than that obtained using discrete components
of standard military quality. For the conventional
circuit operational amplifier used in the compari-
son (Standard Military Quality components), the
failure rate per million operating hours (F,,) is 3.8
while the MIC equivalent is 0.47. The latter figure
is based on Texas Instruments, Inc., published data
in combination with a GPL reliability study esti-
mate. If the use of high-reliability discrete com-
ponents of the Minuteman class is considered for
the conventional circuit, then the F,, is 0.564.
Therefore, it is evident that the MIC approach has
some advantage over the use of high reliability com-
ponents. All industry observations point toward
even better reliability figures for MICs as more
test data become available.

Maintainability: Fault isolation is greatly simpli-
fied if MICs are used. One or more MICs with their
external components are combined in a throwaway
module. Isolation of a failure to this type of func-
tional module is easily and quickly accomplished.
Though the replacement cost is bound to be higher
than in conventional circuits, it is justified by fewer
repairs and savings in downtime of the equipment.

Future development

From our experience with MICs it is evident that
many functions must be implemented in a complex
manner because available building blocks must be
adapted to uses for which they were never in-
tended. Although the advantage of a minimal num-
ber of different MICs is apparent, development of
a few more building blocks (mixers, level detectors,
universal logic circuits) by MIC manufacturers
will help simplify designs.

Major breakthrough! in thin-film techniques are
being made by several companies where work is
in progress leading to deposition of active devices
on an inactive subtrate. Also, deposition of thin-
film resistors and capacitors directly on an inte-
grated circuit subtrate will further extend the MIC
capability. Characteristics of deposited resistors
and capacitors can then be better controlled and
larger value capacitors, will be available. These
techniques will permit further reduction in the
number of external discrete components and will
broaden the applicability of these circuits to func-
tions not feasible at this time.

Reference
1 Electronics, p 48, Jan. 24, 1964
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Space electronics

Dolling up a space probe

First of a new series of scientific satellites to be launched
during the International Year of the Quiet Sun, Pioneer 6 will
be the most magnetic-field-free deep space probe ever. It has
a better control system and communications gear, too

By A.B. Mickelwait

Director, Pioneer Program

E.R. Spangler

Space Technology Laboratories, Inc., Rendondo Beach, Calif.

To investigate the environment in space more
closely, in preparation for manned interplanetary
space flights, the U. S. in mid-1965 will launch the
most advanced of the Pioneer series of spacecraft.
Pioneer 6 will be heavier, more accurately con-
trolled, carry more modern communications than
previous Pioneers; and be the cleanest probe—
magnetically—ever sent aloft. Magnetic purity will
allow Pioneer 6 to measure magnetic fields more
accurately, and magnetometers can be placed as
close as six feet to the ship’s surface. The new
spacecraft was developed under the direction of
NASA’s Ames Research Center, located at Moffet
Field, California.

In almost every aspect of the design, Pioneer 6
is markedly superior to its earlier brothers. For ex-
ample, the control system has been changed so it
can keep the antenna beam pointed toward the
earth, Like its predecessor Pioneer 5, this probe
will be spin-stabilized, but with an addition. A
cold gas jet exerted through an extended boom will
maintain control of the direction of the spin vector
so that the high-gain antenna beam will continue
to point toward the earth. Better stabilization paves
the way for three other improvements:

Spin stabilization aims the antennas always in
the same direction, ground reception is better and
less power is required. Antenna gain will be 12 db
(5-by 360 degree fan beam) requiring a power
output of only 8 watts; Pioneer 5 needed a full 150
watts.

Solar cells for power supply will be mounted on
the cylindrical surface of the spacecraft instead of
on extended rigid paddles as they were on Pioneer
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5, since the spin control will keep that surface
always perpendicular to the plane surrounding the
sun in which all the planets lie.

Because the underside of the spacecraft will
remain permanently in shade, an active thermal
vane system can control temperatures more ac-
curately than passive systems could on previous
probes.

By powering Pioneer 6 with a thrust-augmented
Thor-Delta booster, NASA has been able to raise
the weight load from 95 pounds (in Pioneer 5) to
137 pounds, and still achieve the same trajectories.
The addition of continuous spin vector control
provides enough weight saving so nearly 20 per-
cent of the 137 pounds can be devoted to scien-
tific payload, compared to only 10 percent of earlier
Pioneer probes.

A redesign of communication and data handling
components saved enough weight that redundant
circuitry was added to back up all critical areas.
NASA expects Pioneer 6 to have at least a six
month life.

Pioneer’s 137 lbs is divided this way: structure
and thermal control, 25 lbs; power supply, 29;
communication and data handling, 35; orientation
control, 7; electrical distribution, 13; and experi-
ments, 28,

Pioneer 6 even looks different. The main space-
craft body is a cylinder 37 inches in diameter and
32 inches long. An antenna extends 52 inches above
the main spacecraft upper surface. Three booms,
located at 120-degree intervals about the cylinder,
extend six feet from the spacecraft. One boom holds
the magnetometer, a second the single gas-jet noz-
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Pioneer 6 has three booms located at 120 deg intervals about the cylinder supporting a magnetometer, single gas

jet nozzle, and balance weights, respectively

zle, and the third, balance weights.

The antenna, an aluminized glass fiber tube,
is supported by a tripod from the platform and
stiffened by glass fiber guy lines.

Thirty individual louvers on the lower surface
of the spacecraft provide the active thermal con-
trol. This system keeps the internal temperature
of the spacecraft within proper limits at any dis-
tance from the sun between 0.8 and 1.2 Astro-
nomical Units (AU = 92,956,100 miles ==500 miles).
As the inside temperature rises, bimetallic coil
springs move to open the louvers, cooling down
the interior.

The magnetometer will measure magnetic field
in three directions with a sensitivity of about 1
gamma. The relatively short length of the boom
(the magnetometer on the Orbiting Geophysical
Observatory (OGO) is carried at the end of a 22-
foot boom) and the sensitivity of the sensor has
imposed a unique requirement on the Pioneer; its
residual and generated magnetism must be less
than 1 gamma at the site of the magnetometer.

Magnetic purity

If the magnetometer is to obtain sensitive readings
of interplanetary background fields, the spacecraft
itself must be virtually nonmagnetic, at least mag-
netically purer than any other spacecraft has ever
been. The weight and simplicity of Pioneer does
not permit deployment of the magnetometer more
than six feet from the spacecraft body or the in-
clusion of shielding around magnetic equipment
in the spacecraft. Trying to reduce total magnetic
field from all sources to a value of 1 gamma or
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Magnetic purity comparisons (in gamma)?

Orbiting

Geophysical

Observatory  Pioneer
Command distribution unit 3.0 0.8
Converter 0.6 0.01
Battery 1.0 0.1
TWT 0.8 0.01
Decoder 0.8 0.2
Coaxial switch 0.8 0.1
Receiver 0.2 0.01
Diplexer 0.02 0.02
Digital telemetry unit 12,5 0.1
Signal conditioner 5.0 0
Data storage unit 4.0 0.1
Pneumatic valve 0.5 0.2
Logic assembly 1.0 0.05
Sun sensor 0.1 0.05

1 Comparing maximum magnetic field strength at six feet from
various components on-board OGO (typical spacecraft) and
Pioneer 6.

Pioneer’'s experiments

The 28 Ibs. of experiments include:

e Magnetometer, by Goddard Space Flight Center, NASA
e Cosmic ray detector, University of Chicago

® Cosmic ray detector, Graduate Research Center of
Southwest

Plasma probe, Massachusetts Institute of Technology
Plasma probe, Ames Research Center, NASA
Micrometeoroid detector, Ames Research Center, NASA
Radio propagation experiment, Stanford Center for
Radar Astronomy
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Electronics assembly receives commands from the CDU to engage the appropriate sun sensor at the proper time

less six feet from the spacecraft surface, engineers
have produced a virtually nonmagnetic design.

Main sources of magnetism—residual fields in
equipment and induced fields as the equipment is
operated—have been carefully controlled. It has
been found, for example, that significant residual
magnetism results from nickel welding and cold
working of series 300 steel alloy. Both of these
processes will be avoided.

Every component is screened for magnetism.
A glass fiber rod, for example, originally chosen
for the magnetometer sensor mount was found to
have a field of 2 gamma at one inch, presumably
from metallic contamination in the glass fiber.

Induced magnetism has been reduced wherever
it appeared. The clock source in the digital telem-
etry unit (dtu) will be a crystal oscillator because
turning fork oscillators normally used have mag-
netic effects. The solenoid valve for gas release
incorporated a ringing circuit with a 60-cycle field
to counteract 75 percent of the magnetism induced
by the operation of the valve each time it is fired.
Locating the valve at the end of one of the three
booms serves to separate it from the magnetometer
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by at least 13 feet, as well as increasing the
moment arm. All interassembly wiring carrying
d-c¢ current return is by twisted, paired wires to
produce field cancellation. Single-point grounding
of current loops rids the spacecraft structure of
circulating d-c¢ currents, and all equipments except
the receiver have complete isolation of d-c circuit
paths from the structure.

Because the field at the magnetometer is the vec-
tor sum of the assembly fields, a permanent mag-
net, which is a part of traveling wave tubes, can be
included. Each Pioneer will carry twt’s in redun-
dant pairs, and orientation of the two, which are
closely matched pairs, with respect to each other
is arranged so each’s magnetic field cancels the
others at the magnetometer. How magnetically
pure Pioneer 6 will be is shown in the table.

Orientation control

The control system has to place and to keep
the spin axis perpendicular to the sun-spacecraft
line to within +=1.5 degrees and perpendicular to
the ecliptic plane to within =1 degree.

The orientation control subsystem uses five sun
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sensors, an electronics assembly, and a pneumatic
assembly powered by nitrogen regulated to 50
psi.

Since the spacecraft is spinning, the repeated
application of torque at a particular point in the
spin will cause a precession, as in a gyroscope.

Four sun sensors are necessary to permit rota-
tion in either direction about either of two ortho-
gonal axes. These four sun sensors are located 90
degrees from each other around the spacecraft. A
fifth sun sensor is used to provide sun reference
pulses to the experimenters.

The electronics assembly receives commands
from the command distribution unit (CDU) and
uses these commands to engage the proper sun sen-
sor at the proper time. When the sun sensor is
illuminated a signal is received and amplified to
turn on the pneumatic solenoid valve.

The command distribution unit is the central
point for power and command signals. It distrib-
utes switching and power, distributes signals from
the command decoder to other equipment and
has test points at the interfaces of spacecraft sys-
tems. It also contains sequencing functions and
indicates various operating modes. It consists of
a matrix of SCR’s which operate magnetic latch-
ing relays and other commandable loads.

Antennas

The high-gain antenna is a 10-element series-fed
collinear array of stacked dipoles excited in-phase
and with equal amplitude. The radiated energy is
polarized parallel to the axis of the antenna. The
beam of the antenna is narrow in the pitch and yaw
planes but omnidirectional in the spin plane. It is
center fed by a coaxial air line (an integral part
of the antenna) which insures radiation normal to
the antenna by virtue of symmetrical phasing.

Equal phase and amplitude excitation of the
individual elements of the collinear array is
achieved by separating the elements by exactly
one wavelength. Skirt on each element produces
in-phase currents at all points along the element.
These precautions will produce radiation in the
broadside direction; however, as the frequency
is changed, the separation between elements be-
comes something other than one wavelength, result-
ing in beam tilt, which can be avoided by feeding
the array at the center. Center feeding does not
solve the problem of phasing errors among the
elements; it does, however, produce a symmetrical
illumination along the array which keeps the beam
in the broadside direction even though it does
deteriorate slightly as frequency changes. The
result is about 13-db gain at the transmitted fre-
quency of 2,300 Mc but a 10-db gain at the rceeived
frequency of 2,100 Mec.

The low-gain antenna is discone type fed by a
coaxial line through the center of the high-gain
antenna. The pattern is omnidirectional with polar-
ization parallel to the spin axis of the spacecraft.

The antenna and feed lines are constructed of
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low-density foam dielectric sleeves, upon which a
thin film of metal is deposited. The entire struc-
ture is then inserted into a glass fiber tube for
mechanical support.

Communications equipment

The need for transmitting data from seven dif-
ferent experiments aboard the spacecraft coupled
with the limited size and weight restrictions im-
posed on Pioneer 6 has resulted in an interesting
design for the communications subsystem, which
will operate at S-band.

Two antennas, two redundant phase-lock receiv-
ers, two redundant decoders, two redundant 8-w
twt power amplifiers, a transmitter driver assembly,
two diplexers, and coaxial switches comprise the
system.

Either receiver and either amplifier can be con-
nected on command to either antenna. A low-
power transmit mode is provided for operation be-
fore the power supply is functioning optimally and
while range is sill quite low by transmitting directly
from the 50-mw transmitter driver. Signal-present
logic provides automatic switching from nonco-
herent, when the spacecraft is not locked to ground
transmission, to coherent transmission, when it is.

The two receivers operate on slightly different
frequencies near 2,100 Mc with entry by frequency
address. The demodulated command output of the
selected receiver is automatically connected to both
decoders via signal-present switching gates; selec-
tion of the desired decoder is by command address.
During the boost phase, the receivers operate in
wideband mode (300 cps). Then they are switched
by command to the narrowband mode (20 cps) for

LOW GAIN ANTENNA

HIGH GAIN
ANTENNA
FEED

High-gain antenna is 10-element series fed collinear
array of stacked dipoles; low gain antenna is a discone
type fed by a coaxial line through the center of the
high gain antenna



operation during the remainder of the mission.

There are two prime functions for each receiver.
One is to generate a phase coherent output to the
transmitter driver at 12/221 of the input frequency.
This signal is then multiplied by 20 in the trans-
mitter driver to produce a transponding ratio of
221/240 to allow measurement of two way doppler.
The second function is to demodulate the command
tones which are phase modulated on the received
signal.

The receiver is a triple conversion phase-lock
unit. The received signal is converted in the first
mixer by a locally generated signal and is applied
to an i-f preamplifier. The balanced diode mixer
and first stage of the preamplifier determine the
receiver noise figure to be about 10 db. The signal
is band-limited to 2 Mc in the first i-f. A crystal fil-
ter with a 3-db bandwidth of approximately 2 ke
provides the i-f narrowbanding. After amplification
the signal is translated in a balanced mixer by the
third local oscillator signal, and the output is hard
limited (= 30 db) in two stages and amplified to
15 volts peak-to-peak and applied to the loop phase
detector. A 5-v peak-to-peak signal is applied in
parellel to the quadrature detector. The reference
drive to the loop phase detector is a crystal oscilla-
tor operating at 30 Mc. The reference drive to the
quadrature detector is the 3-Mc oscillator signal
shifted by 90 degrees.

The three locally generated signals for the three
mixers are supplied by the reference oscillator at 3
Mc and voltage controlled oscillator (vco) at 19.125
Mec. Phase instabilities of the 3-Mc reference oscil-
lator cancel in the phase detector and do not add to
the phase jitter in the loop. The vco phase jitter
appears in the output of the phase detector; an
extremely stable oscillator design is therefore re-
quired for a high sensitivity receiver. Threshold
sensitivity in the wideband mode is —136 dbm, in
narrowband —147 dbm.

The output of the loop phase detector is filtered
in a lead-lag network and returned to the vco con-
trol input, where it completes the feedback loop.
The loop is locked by sweeping the S-band input
signal in frequency. When the signal is near
enough to the rest frequency of the receiver the
loop will lock to it in frequency and phase. The ref-
erence drive and third i-f are in phase quadrature
during lock and if the incoming signal is unchang-
ing, the output is zero. The signals in the quad-
rature phase detector are in phase and produce an
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output which is approximately equal to peak signal
drive. This output after being filtered is therefore
used to indicate the presence of a signal and can
be used as an indication of signal strength. Out-
put of the loop phase detector is telemetered as an
indication of loop error and the output of the quad-
rature phase detector is telemetered to indicate
receiver lock.

Although the decoder receives its signal from
two receivers, there is only one input line since the
outputs of the receivers are strapped together. The
signal will consist of frequency shift keyed sub-
carrier tones modulated at a rate of 1 bit/sec.
The presence of the higher tone will indicate a one,
and the presence of the lower tone a zero.

At the input to the decoder, a buffer amplifier
will provide protection against shorting the signal
line to prevent any malfunction in one decoder
from disabling the other.

Data handling

On-board storage capability makes the data han-
dling unit unique in interplanetary spacecraft.

The Pioneer digital telemetry unit (dtu) processes
all inputs into a pulse code modulation time multi-
plex format which biphase modulates a 2,048-cps
subcarrier sent to the transmitter driver. The inputs
to the dtu consist of both digital and analog sig-
nals from the experiments and spacecraft perform-
ance measurements. The data storage unit has a
capacity of 15,323 bits, for special processing dur-
ing real time and when the spacecraft is not being
tracked. The memory consists of 30-mil square loop
ferrite cores arranged in an X-Y matrix.

Seven bits make a word, and the last bit of each
word generally is used for odd parity. The number
of words per frame is 32 for all formats. There are
four formats, three of which are for experiment
measurements and the fourth for engineering data.
Two synchronization words appear within each
group of 32 words. These synchronization words
are 7-bit Barker codes separated by 16 words. The
Barker code is a group of bits that identifies a
frame and the beginning of a word simultaneously.

Other fixed words in each frame consist of for-
mat identification (always appearing directly after
frame synec word) and subcommutation word posi-
tion identification. During real-time transmission,
the experiments are sequentially sampled at bit
rates chosen by command of 512, 256, 64, 16 or §
bits/sec.

Mr. Spangler has assisted in
communications satellite studies
and managed technical information
for Pioneer 1, 2, 5 and Explorer 6.
An M.A. in English in 1950 from
University of Chicago, he has
completed course work for the PhD

Electronics | March 23, 1964



Communications

A new look for the old telegraph

Booming traffic forces the design of an electronic system to
handle overseas messages. The big problem is matching the
high speed computer to the slower speed teleprinters.

By Roy K. Andres and L.P. Correard

Manager Group Leader

Automation and Terminal Systems Engineering, RCA

Communications, Inc., New York, N.Y.

Every day, RCA Communications, Inc. moves over
one and a half million words around the world.
Messages pour into New York from hundreds of
stations to be relayed to hundreds of other stations
in all parts of the world. Traffic grows steadily,
nearly doubling every twenty years. Now the inter-
national telegraph system has outpaced the torn
tape relaying of messages introduced in 1944.
Within the next few months, RCA will replace the
old system with a specially designed electronic
computer that will sped the relay of messages, as
well as automatically correct errors, store messages,
and bill customers.

To appreciate the equipment you first have to
understand how RCA’s traffic is handled now.
A message arrives at the relay center as a per-
forated tape. A girl reads the address, rips the
tape from the teleprinter and hand carries it to
another transmitter connected to the message’s
destination.

In 1957, when it was clear traffic would soon
outstrip the mobility of even electromechanical
systems augmenting the torn-tape method, plan-
ning began with RCA Electronic Data Processing
for an electronic telegraph system (right) built
around a pair of high-speed stored-program digital
computers. Since existing RCA commercial com-
puters were not suited to on-line communication
requirements, a new generation processor, the
communications data processor (CDP) had to be
designed. This machine, created as a real-time com-
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puter, examines and switches international mes-
sages to their proper destinations in milliseconds
instead of the cross-office, perforated-tape relay
time measured in minutes. Messages from 70 coun-
tries via millions of route miles of radio and cable
links will move continuously through the CDP as
rapidly as the international communications link
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can carry the load. To insure continuous operation,
24 hours a day, RCA installed two computers, each
programmed to handle the full traffic load. It is
possible to switch from one to the other without
interrupting traffic flow.

The CDP will handle, through its 100 full-duplex
channels (simultaneous reception and transmis-
sion), all classes of message traffic and all types
of service communications flowing through the
central telegraph office. Each message entering the
CDP is automatically examined to determine the
proper routing and then switched to the proper
outgoing channel by priority in chronological order.
If all the destination channels are occupied, the
message is queued in the intermediate drum stor-
age to await its proper turn. As rapidly as each out-
going circuit becomes idle, the CDP will automati-
cally select, in chronological order, the highest
priority message within the system for transmis-
sion.

Editors note

Although it will operate like the computer-run communications
systems installed by Chrysler Corp., Westinghouse Electric, and
Delta Airlines, RCA's equipment is an order of magnitude more
complicated because RCA's traffic is so much heavier than
anybody else's. In fact, the computer is not very different from
those RCA’s Computer Division supplied for Autodin, the giant
Defense Communications complex.
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faster computer language is resolved with buffers. Differ-
ence between figures and letters normally handled by
short-term mechanical memory in teleprinters, requires

In addition to the prime task of routing messages,
the CDP has been programmed to perform a vari-
ety of control, service and accounting functions (see
box, page 89).

Here’s how a message will move through the
system. Prepared in the required format, it enters
the system through the input buffer storage units.
These buffers momentarily hold each character of
the message since the teleprinter equipment is slow
speed (45 to 75 bps), and the CDP is high speed—
then dump it into the computer. The traffic is stored
in the computer, it is examined for destination and
priority and switched to the proper outgoing chan-
nel by priority in chronological order.

The message is dumped at high speed into the
output buffer units character by character and
clocked out to the low speed outgoing transmitting
channels and teleprinter equipment that handle it.
All traffic passing through the system is recorded
on magnetic tape for future reference.

The task of connecting 100 5-unit Baudot code
serial start-stop telegraph lines operating at speeds
ranging between 45 to 75 bits per second to one
central computer operating at much higher speed,
with different codes and parallel transfer of large
numbers of bits was solved by the design of the
ETS front end. The input subsystem has 100 buf-
fers that provide serial-to-parallel conversion of the
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code converters (colored blocks) in the CDP. Simplified
output circuits are shown at right

5-bit teleprinter Baudot-code character by means
of two shift registers. A parity bit is added to each
character in the input buffer (above) by a flip-flop
that counts the marking bits as they are shifted
into the first register from the telegraph line. The
character is then shifted to a lower register and
is available in parallel to be transferred into the
CDP.

A scanner-timing pulse generator comprising a
crystal controlled oscillator and countdown chain
plus a 100-stage ring counter, supplies timing
pulses to the line buffer transfer channels (LBTC)
of both communications data processors as well as
scan pulses to both input and output buffers.

The nth scan pulse transfers the parallel 6-bit
character from the nth buffer to the first register
of the LBTC, the input data register (IDR) and
checks the availability of the (n + 1)th output
buffer. If the character contained in the output
buffer was previously transmitted on the last cycle,
a new character will be loaded and transmitted out
by the (n + 1)th scan pulse.

As the character is moved into the IDR, its pre-
viously generated parity is checked and a new bit,
the FIG/LTR bit is added to establish the 5-unit
character (now 7 bits) as upper or lower cases on
the teleprinter equipment. The seven-bit character
is now processed through a Baudot-to-CDP en-
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coder that properly encodes the 7-bit character into
the octal code of the CDP.

A four-count circuit allows four such characters
to accumulate in the simultaneous data register
(SDR) such that one group of 28 bits (four char-
acters of six bits each plus parity and tags) is
available in parallel form. This group constitutes
the halfword (HW), which is the minimum size
simultaneous transfer within the CDP. Each con-
secutive halfword consists of a character from
Buffer 1-4, 5-8 96-100. From the SDR,
transfer is made directly into the high speed mem-
ory input area.

The line buffer transfer channel generates the
address in memory where the accumulated half-
word is to be stored. The address counter ad-
dresses two continguous memory blocks (pages),
each consisting of 200 halfwords. When the block
is filled, the page is transferred to the memory
work area where the program accumulates char-
acter strings on a per-channel basis and proceeds
to subject these character strings, called line blocks,
to the message recognition and routing programs.
As this occurs, the secondary page in memory is
being filled.

The output cycle referred to previously makes
use of line blocks of routed messages that have
been stored on magnetic drums awaiting their turn
to be transmitted. When the queue list maintained
in memory selects a particular message for each
channel for transmission, the line blocks of these
messages are moved to an output area in memory.
A counter in the output LBTC generates the ad-
dress of a full word in memory for each of the 100
output lines. This full word contains the next two
information halfwords to be transmitted.

When a buffer is found to be available, the CDP
transfers a halfword to the output simultaneous
data register from the location generated by the
address counter. The SDR gates out one 6-bit
character and returns the partly-emptied halfword
to memory, shifting the HW by one character in
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Technician checks the line buffer/scanner unit that provides interface between 100 telegraph lines and CDP.
Channel-parity error lights and scanner indicator are housed left of center

the most significant direction. The character just
transmitted is passed through the output decoder,
has parity generated for the Baudot character and
transmits it to the scanner, which inserts the char-
acter into the output buffer for transmission.

The scanning function is a dual system em-
ploying two clocks, timing generators, scanners,
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Traffic cycle requires accepting slow-speed teleprinter
characters, conversion to computer language, storage and
reconversion to slow code

and registers. Error detecting circuits monitor the
actions of these units and will automatically substi-
tute back-up equipment without loss of traffic
whenever failure is detected.

Likewise, two LBTC’s, one-per-CDP, are used
to accumulate input data simultaneously in the
memories of both machines. This unique feature
allows automatic switch-over between computers
without loss of messages.

The entire two-scanner unit is composed of 250
plug-in cards. These circuits, along with 100 input
buffers each consisting of 4 cards and 100 output
buffers each comprising 5 cards and a dual power
supply are housed in separate racks.

The line buffer transfer channels, one-per-CDP,
consists of 150 plug-in cards and are a physical
part of the communications data processor itself.

Traffic processing

The traffic processing cycle (illustrated) is initi-
ated by transferring data from the holding buffer
area to a work area referred to as a line slot. One
such area is assigned to each of the 100 input lines.
The message is reconstructed in this area, and
validity checks are performed, routing and pri-
ority are determined. When the line slot area for
a message is filled (up to 104 characters) or if the
end of the message is reached, the message seg-
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ment is written to the intermediate storage drum.

When the end of the message is reached, the
message is linked into the proper output queue by
priority. As each message segment is written onto
the intermediate drum, the segment is also copied
onto the recovery tape to provide a back-up copy.

When the start-of-message segment is detected,
a determination is made as to whether overflow
conditions exist or are imminent. If the intermedi-
ate drum or output queue table is reaching sat-
uration, the message segment and all continuing
segments, will be written to the overflow tape.
Messages written to this tape are re-entered later
when the traffic load is low.

After a message is linked to its proper output
channel queue it is available for transmission.
Transmission is accomplished on a first-in, first-out
basis within priority class. As each data block from
the intermediate drum is placed into a work area
(called the output line slot area), the output buffer
cycle control is set so line-slot areas containing data
will be examined for output by the output buffer
cycle and data delivered to the output distribution
buffer area, thence to the scanner and on to the
telegraph line buffers, as previously described.

After each message segment is transmitted, a
copy of the segment is written to the journal tape
to provide a record of each transmission. At the
end of each message, a ledger record is written to
the number list tape to provide a correlated record.

In addition to handling the normal flow of traffic
through the system, the traffic processing cycle
executes various commands called for by the super-
visor. These commands may require the program
to produce status reports or to change certain in-
ternal tables, thus modifying future program be-
havior. An important function in this category is
the rerunning of recently transmitted messages (or
the production of printed copies of messages stored
in the system). To accommodate these demands a
re-run or short-term queue is provided, messages
eligible for retention in this queue being trans-
ferred to this control after completion of initial
transmission. This queue is cyclic in its use and a
fixed number of messages is contained in the area
at all times.

When the queue space allocated to a message is
preempted by another message, the drum store
associated with the pre-empted message is released
for re-use in the system. Another important feature
employing the queue is the divert, which will move
all of the messages queued for a destination and
transmit them via a specified alternate route. This
command allows re-routing of traffic around under-
sea cable breaks and radio blackouts.

Communications data processor

The CDP is a multi-programmable real-time com-
puter with the outstanding characteristics of having
a theoretically unlimited number of interrupts. It
is a modular system consisting of a basic processor,
1 to 4 banks of memory and 1 to 16 transfer chan-
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What the CDP does

1. Verifies sequence of inward channel message number

2. Automatically inserts an outward channel message
number

3. Records and prints out a list of the inward message
numbers with their corresponding outward message num-
bers for each channel

4. Recognizes the international four-letter destination
code; when absent, examines the address line for city and
country of destination, and looks up the proper destina-
tion code in the internal geographic index

5. Recognizes registered addresses, compares them with
the internally recorded directory and inserts the necessary
code for local delivery

6. Recognizes and establishes precedence in forwarding
all messages

7. Provides facilities for retransmitting messages when
necessary

8. Provides a long-term record storage (6 months) of all
messages flowing through the central office

9. Provides automatic detection of lost messages and
character distortion within the system

10. Edits and extracts necessary information from each
paid message for automatic customer billing and settling
the international traffic accounts

Characteristics of the CDP

Memory Parameters:
Each bank of high-speed memory consists of 8,196 words,
each of 56 bits with a read-write cycle of 1.5 usec. A
memory word consists of two half-words each containing
24 data bits, 3 tag bits, 1 parity bit.

The memory is addressable by word, half-word, 3, 4, 6,
8 bit character.

Instructions

Instruction are variable in length and may have 0, 1, 2,
or 3 addresses.

There are 97 standard instructions providing word,
half-word, and character operations, binary and decimal
arithmetic.

All instructions are sub-routines of Elementary Opera-
tions. New instructions may be developed for any particu-
lar application without involving hardware changes.

Address control

Multi-level indirect addressing plus incrementing or
non-incrementing address modification is individually ap-
plicable to any or all addresses of each instruction.
Addresses may be assumed from previous instructions.

Interrupt System and Real-Time Features:

Simultaneous operation of several transfer channels.
Automatic back-logging of instructions for busy peripheral
devices.

Termination of peripheral device instruction causes
program interrupt at which time program change may be
made.

Program interrupts may be caused by errors, external
signals, millisecond clock or program operations.

Two levels of interrupt:

1. Servicing peripheral devices by short service rou-
tines that interlace but do not disrupt main program.

2. Program interrupts and switch-over, which require
exchange of contents of all machine registers.
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nels through which a full range of standard EDP
peripheral devices and communications channels
may be controlled. Its characteristics are listed in
the panel on page 89.

The CDP is designed to accept and deliver
(through line buffer transfer channels) data to and
from a large number of channels simultaneously.
Since the internal operating speed of the CDP
permits character handling rates up to 2.5 million
characters a second, the total incoming and out-
going communications load of all channels (3,000
characters per sec) only consumes a small fraction
of the available CDP time. The remaining CDP
time is available to perform the necessary logic
functions associated with examining the message
format, comparing this information with recorded
tables of routing instructions, transferring the
message from one storage point to another and con-
trolling the flow of all output channels.

Since many system functions require message
storage facilities of different capabilities, three
principal methods of storage are used in the sys-
tem: magnetic cores, drums, and tapes.

Magnetic cores are used for the high-speed mem-
ory of the CDP. The core memory of each CDP has
a capacity of 131,072 characters and a read-write
cycle time of 1.5 psec. (The read-write cycle is the
minimum time to record and recover information
in the computer memory.) The high-speed memory
along with the CDP logic operates with a duty
cycle of 2.0 psec and is used for storing the CDP
program instructions, message accumulation and
distribution, destination tables, queue lists, code
conversion and message storage for processing.

Four magnetic drums, each with a capacity of
384,000 characters are used for storing information
that does not require the extremely short access
time provided by the core memories. The average
and maximum access time for any information
stored on the magnetic drums is 33 milliseconds
and 66 milliseconds, respectively. Two drums are
used for intermediate message storage and short-
term reference storage (rerun) providing a capacity
for 1,600 to 2,000 average messages. One drum,
used for short term reference storage, provides the
ability to retransmit any of the last 800 to 1,000
messages to leave the system without having to
refer to the record copy in the magnetic tape. The
third drum contains 12,000 registered addresses
and their routing instruction codes and geographi-
cal index of 150,000 characters for the world’s cities
and countries in three languages. The fourth drum
operates as a floating spare. £

Standard RCA 581 magnetic tape stations oper-
ating at 33,000 character per sec are used for pro-
viding overflow storage, permanent monitor copies
of all traffic and for recording the message numbers
and accounting information.

Mutilated messages

The ARQ (automatic repeat) used on RCA over-
seas radio circuits provides an extremely low bit
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error rate. Cable channels have low noise, which
keeps error rate low. It is, however, statistically
possible to have a mutilated character, or several,
in a message. Human error can also cause a wrong
character to be transmitted.

The Electronic Telegraph System is programmed
to detect, reject and hold for manual attention,
errors in the message preamble and format. If
characters being received cannot be recognized as
a new message, the ETS routes these characters to
a spurious character position together with an indi-
cation on which channel they were received and
the number of the last good message.

If a group of characters is recognized as a valid
message but the routing does not agree with stored
routing tables, the message is sent to the manual
router position for attention.

International destination indicators were selected
so a one-bit mutilation in any character will not
cause the bad indicator to match any other. When
this scheme is impossible, owing to a country
having many indicators, the code was chosen so
single-bit mutilation will transpose the code to
another valid one for another city in the same
country.

The requirement for continuous 24-hour service
precludes the use of scheduled service periods for
routine preventive maintenance. To insure con-
tinuous operation, the system employs two CDP’s,
each programmed to handle the full traffic load.
Since possible common equipment failure involves
the input accumulation cycle in the high-speed
memories, the second CDP will perform these
functions simultaneously. Similarly, the queue lists
and drum vacancy tables should be continuously
accessible to both the on-line and standby proc-
essors so the second CDP will be continuously
aware of the location of every message in the sys-
tem. Thus, it is possible to switch from one CDP
to the other without interrupting traffic flow. To
preserve and guarantee retrieval of this vital in-
formation, it is assembled and stored in two differ-
ent locations within the system and accessible to
either processor via transfer channels.

Hardware for the total system cost nearly $4
million; System engineering took nearly seven years.

The authors wish to express their appreciation to A. E. DiMond
and W. A. Levy, of the Electronic Data Processing Division of RCA,
for permission to make use of portions of their recent article
“Design Of A Data Communications Computer System''.
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Here's a low cost, new approach to

high power AC phase control
which provides today’s engineer
with broader opportunities
In creative circuit design

VOLTAGE /
ACROSS
LOAD

The newest member of Transitron’s BiSwitch family, the 11/16” stud-mounted TBS40AS,
handles up to 20 amperes at 125 volts. It gives direct full-wave AC phase control of 2.5 KW. And
no AC to DC converters or variacs are needed. It permits high power control circuitry that is
simpler, more reliable and more economical than ever before possible.

All Transitron BiSwitches offer these same advantages in various power ranges. All are avail-
able in volume directly from inventory.

3 EASILY RATINGS
MOUNTED Forward and Reverse Maximum Current
g Breakover Voltage Rating
TBS40AS 4 Min. Max. 100°C. Temp.

% TBS20A 200 400 5amp

TBS20B 200 400 3 amp

i TBS10AS 90 110 3amp

TBS30AS 400 600 5amp

TBS40AS 200 400 20 amp

All types have a maximum storage temperature range of —65° to 175°C.

TBS20A  Companion trigger diode available. ER900 is designed to function with all BiSwitches.
TBS20B  Immediately available in volume.
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400V
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" V-1 characteristics show that the BiSwitch
Typical BiSwitch circuit application illustrates how the blocks voltage in either direction and rapidly
BiSwitch can be triggered. This basic circuitry may be used switches into conduction by exceeding the
in a wide variety of applications. breakover voltage.

NOW,
A NEW

Bi\wircH

THAT
CONTROLS
UPTO
2.5 KW

How can you use the BiSwitch?

In the relatively short time that Transitron’s
BiSwitch has been available, scores of manu-
facturers, in a cross-section of industry, have
been sampling units. As a result, the BiSwitch is
being designed now into many lighting and
power products. Whole new areas of power con-
trol are being opened up because of the ability
of this new solid state device to increase/de-
crease AC current over a full power range. With
the inherent economy and compactness of the
device, and with the new high power types now
available, the range of applications is broadened
tremendously : wall light dimmers, power tools,
auditorium, stage, plant and office light controls,
air conditioning, washers and dryers, portable
heaters.

How can you build the BiSwitch into your
products? Our design engineers welcome the
opportunity to help you find out. For complete
specifications on the BiSwitch family, write:
BiSwitch, Transitron, 168 Albion Street, Wake-
field, Massachusetts.

Meet us at IEEE-Booths 1811-15
Trangitron

electronic corporation
wakefield, melrose,boston,mass.

Sales Offices in principal cities throughout the
U.S.A. ana Canada — Cable address: TRELCO.



the new cost saving,
space-saving shape
in ferrite cores
from INDIANA GENERAL

Indiana General's compact cross-shaped ferrite cores take up far less space on printed circuit boards and save
you money in assembly time. Termination lugs are an integral part of the bobbin and extend between core posts
for fast, easy installation. Conventional mounting bracket is eliminated. ® The new cross cores are furnished
in three sizes (.820", .950” and 1.140") . . . with a choice of single or double section bobbins for numerous RF, IF
and pulse transformer applications. All inductance values are available with a choice of three electrical toler-
ances: + 20%, + 10% and graded and matched pairs to + 3%. B The ferrite materials used in IGC's cross-
cores (TC-6 and O-5) provide a linear change in inductance over a wide temperature range, and are unmatched
for high permeability and low loss. Applicable frequency band extends from audio into the megacycle range.
Call or write today to Indiana General Corporation, Electronics Division [Ferrites, Keasbey, New Jersey.

INDIANA GENERA[

£ & ) ‘-fw

" - Sk
Antenna Adjustable Transformer Memory Memory
Rods Inductors Cores Products Systems

Visit us at LLE.E.E. Show Booth 226-8

92 CIRCLE 92 ON READER SERVICE CARD Electronics | March 23, 1964



In Micro-electronics it's

B

General Micro-electronics Inc.

2920 SAN YSIDRO WAY « SANTA CLARA, CALIFORNIA 95051 « TWX: (408) 737-9961 « PHONE (408) 245-2966
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Designed and developed by Electronic Specialty for an advanced missile pro-
gram, the unique stripline switch eliminates the need for coax switches and
transitions in all stripline applications. Installation of the rugged, light weight,
miniature switch is simple; no soldering is necessary. Now available in four
types (SPST, SPDT, DP Transfer, SP Transfer), the units can be manufac-
tured to fit any dielectric material, center conductor strip width and thickness
to meet specific requirements.

This highly reliable switch possesses these outstanding characteristics:
light weight, 1.5 oz. max.; small size, .73 in. dia. X .99 in. nom.; broad frequency
range, DC to 12 GC; low VSWR, 1.2:1 max.; insertion loss, .2 DB; isolation,
DC to 6 GC—40 DB min., 6 GC to 12 GC—20 DB min.; duty cycle, contin-
uous; connectors, none —fits directly into stripline circuit. For complete infor-
mation on the stripline switch write to William Marcy, Director of Marketing,
at the address shown below.
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5121 San Fernando Road e

E_s isa diversified,dynamic,

multi-divisional organization serv-
ing defense and industry over a
broad range of vital areas with
advanced systems, sub-systems,
and state-of-the-art components.
Major contributions are currently
being made in the following:

ELECTRONIC AND
ELECTROMECHANICAL
CONTROLS:

gyroscopes, relays, static switching
devices, sensors, flashers, regula-
tors, converters, rotary and linear
actuators, motors, generators,
weapon and camera controls, elec-
tromechanical assemblies for aero-
space applications.

COMMUNICATIONS:
antennas, flexible and rigid wave-
guides, coaxial switches, diplexers,
power dividers, filters, radio tele-
scopes, solar furnaces, matching
networks, antenna drive motors
and controls.

POWER:

precise power systems, dynamo-
tors, computer power sources,
motor - generators, actuators,
starter generators, power conver-
sion systems, transmission towers
for public utilities.

SPACE CONDITIONING:
electronically programmed envi-
ronmental controls and systems for
industrial, commercial, and mili-
tary applications.

SYSTEMS:

Systems Laboratories conduct
research, development and study
programs in reconnaissance, elec-
tronic countermeasures, interfer-
ometer phased array systems, and
total energy packages; integrating
divisional components, sub-sys-
tems, and specialized technical
skills.

For information concerning the cor-
porate systems capability, product line,
or research and development programs,
write to the Director of Marketing,
address below.

ELECTRONIC SPECIALTY CO.

LLos Angeles 39, California
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Richard Barrett, electronics engineer at Honeywell, Minneapolis: Education ‘‘has made the difference between a dull job and

a really exciting one.”

Manpower

Help wanted: Negro

Jobs in electronics are plentiful, but qualified
Negro engineers are sometimes hard to find

By Dan Smith
McGraw-Hill World News

Electronics seems to be a growth
industry for the qualified Negro
job-seeker, although his path to a
supervisory position is still often
obstructed by bias among some in-
dividuals.

This estimate comes from com-
pany executives and engineers,
both white and colored.

James R. Colvin, manager of em-
ployment and training at Litton
Systems, Inc., expresses a view
prevalent among industry officials.
“Electronics is probably the best
industry in the United States for a
minority group member to enter,”’
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says Colvin, a white man, “be-
cause it’s so desperately in need of
talent.”

A Negro official of the Urban
League concurs. Joseph W. Walker,
the league’s director of job devel-
opment and employment in Los
Angeles, says: “Electronics is one
of the most receptive fields for
Negro engineers. The industry is
one of the best examples of de-
mocracy in action in business.”

Cost of bias. Some Negroes credit
the profit motive, rather than al-
truism, for their improved position
in the electronic industry. Walter

Collymore, a research engineer at
the Autonetics Division of North
American Aviation, Inc., cites the
Government’s policy of barring
contracts with firms that practice
discrimination in hiring. “If they
feel they can get contracts by hir-
ing Negroes they’re going to do it,”
he says. “They’ll figure, I want
this contract, so I'll put myself in
the best spot for it’.”

Paul H. Ware, a Negro member
of an advance missile technology
group at the Douglas Aircraft Co.,
takes a similarly pragmatic ap-
proach. “Face it,” he says, “dis-
crimination is just too damn ex-
pensive. If companies want con-
tracts they have to hire Negroes.”

Whatever the reasons, there’s
general agreement that the elec-
tronics industry is anxious to get
more Negro employees with the
proper qualifications.

A young Negro electrical engi-
neer in Detroit declares: “A quali-
fied Negro engineer has no diffi-
culty getting a job. In fact, today a
Negro may get a better job in elec-
tronics than his experience entitles
him to. And salaries are high.”

Another Detroit EE, also Negro,
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Douglas’ Paul H. Ware: ‘‘Discrimination
is just too damn expensive’’'—no
Negroes, no government contracts.

adds: “There are so few Negroes
who have studied electronics that
there are not enough to go around.
Every major company now wants
to prove that it is not prejudiced,
and is scrambling around to hire
one.

I. No getting ahead

While the Negro engineer seems
to be more than welcome at the
hiring office, his chance for promo-
tion to a supervisory position isn’t
always as good as that of his white
colleague.

“It’s rare to find a Negro in a
supervisory position,” a Negro EE
in Detroit says. “You may find a
Negro with a fancy title and a high
salary, but these things are usually
meaningless, because he won’t have
responsibility over people. The em-
ployer argues that you can’t put a
Negro in a position where he will
give orders to white engineers, be-
cause it will cause too much fric-
tion.

“That’s the rationalization that’s
always offered,” he continues, “but
the companies have no basis in
fact, because they never try it. I
know of only one Negro supervisor,
and he gets along fine with his em-
ployees.

“There are lots of white super-
visors who can’t get along with
their employees. Why not at least
try a qualified Negro? If he really
has difficulties, then he should be
treated the same way that manage-
ment treats any kind of trouble-
some superior.”

Often a company free from preju-
dice is subject to the pressures of
prejudice. Besides the need to avert
friction among its employees,
there’s the fact that some of its
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NASA’s John E. Moss: “‘Even in the
North living conditions are bad.” He
travels 20 miles a day to his job.

customers object to dealing with
Negro representatives of elec-
tronics companies.

Supply and demand. Despite the
optimistic outlook, Negroes are
usually scarce and sometimes
absent entirely at electronics labo-
ratories.

The Atlanta director of a Quaker-
sponsored “employment on merit”
program says his biggest problem
in that Southern area is finding
qualified Negroes. “Breakthroughs
have come along so rapidly,” he
says, “that I am now getting calls
for help from the very same com-
panies that two years ago gave me
reasons for not hiring Negroes.
Now they are asking me to help
find qualified Negro personnel.”

Mahlon T. Puryear, associate
director of the national Urban
League, agrees that demand has
far outstripped the supply of Negro
engineers. “There are plenty of jobs
available for qualified Negro engi-
neers,” he declares. “The big prob-
lem now is educational opportuni-
ties” for prospective Negro EE’s.

In the past, when a Negro has
been fortunate enough to acquire a
college education, he usually has
chosen a career where members
of his race have a relatively good
record of success: medicine, law,
teaching and the clergy. Law and
medicine have been especially ap-
pealing because they allow the
Negro to be his own boss, not sub-
ject to the possibility of prejudice
among white supervisors.

Segregated public schools in
both South and North have often
deprived the Negro of training
necessary for admission to an ac-
credited engineering college. He
has found it easier to get into the

Lockheed’s Brennan Thompson: “In
1941, | was hired on a Wednesday
... on Thursday the job was gone.”

predominately Negro colleges, but
only one of these—Howard Uni-
versity in Washington—has won
professional accreditation so far.

But help is on the way. Educa-
tional opportunities are improving,
and more and more Negro young-
sters are expected to be eligible for
admission to top technical colleges.
And more and more company re-
cruiters are offering jobs to the
most promising graduates of
Southern Negro colleges, allowing
for deficiencies in training that are
not the student’s fault.

At Howard, 100 engineers were
graduated in the Class of 1963, up
sharply from 61 three years earlier.
Yet. Col. James Robinson, assistant
to the dean of the engineering
school, says that every member of
the Class of 1964—size undeter-
mined but possibly a record—al-
ready has been offered a job after
graduation.

Il. Bitter legacy

The existence of prejudice among
whites undoubtedly has discour-
aged some Negroes from going into
electronics. Many of them know of
specific instances involving rela-
tives or acquaintances.

A 35-year-old Negro in New
York says he has held nine differ-
ent engineering jobs since his
graduation from a Northern college
in 1950.

To gain professional advance-
ment, he finds that he has to move
from job to job. He feels that his
color blocks his chances for promo-
tion. All but one of his jobs have
been with government agencies.
He says he received so many out-
right rejections from private com-
panies in the 1950’s that he gave up
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“If they
feel they can get contracts by hiring
Negroes, they'll do it."”

Autonetics’ Walter Collymore:

seeking jobs with private firms.

Inequities are reflected too in the
experience of Brennan I. Thomp-
son, 65, a Negro electronics flight
research engineer with the Lock-
heed-California Co.

“In 1941, he recalls, “I was
hired by a firm (not Lockheed) on
a Wednesday, to report for work
the following Monday. On Thurs-
day, I was notified that the situa-
tion had changed and the job was
no longer available. I later found
out that the person who was to be
my superior had asked the 17 engi-
neers I would have had to work
with if they’d work with a Negro.
Three said no, so I lost the job.”

In Boston, Major M. Cousens, a
Negro who designed control sec-
tions for the Hawk and Sparrow
missiles at the Raytheon Corp., be-
lieves that indifference begets more
indifference among Negroes toward
engineering as a career. The typical
Negro child, he explains, has not
been exposed to engineering among
his family or friends, and therefore
knows little about the profession.

Southern discomfort. As might be
expected, social prejudice is a strong
deterrent to Negro engineers’ going
South. A spokesman for an elec-
tronics firm in the Atlanta area
cites two recent instances in which
Negro applicants visited a plant,
came to a salary agreement with
management, then decided against
taking the jobs. “When they began
to explore the social aspects of liv-
ing in our town,” the company
spokesman explains, “they decided
that discrimination in housing, res-
taurants and so on would prevent
their living at the level which their
incomes would otherwise allow.”

Social prejudice can hamper pro-
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Litton’s Ben F. Handy: ‘‘We won't have
Negro vice presidents in big
corporations for the next five years.”

fessional advancement in the North,
too. “Engineers are a clannish
group,” a Negro EE in the Mid-
west explains. “They take their
work home with them and discuss it
with each other in a social situation.
Most Negroes’ relationships with
fellow workers and the boss—with
few exceptions—exist only from
nine to five. There’s no socializing
after that. And there’s no doubt
that this is a handicap when it
comes to advancement.”

Housing is another sore point,
even in the North. John E. Moss, a
33-year-old EE at the Lewis Re-
search Center of the National Aero-
nautics and Space Administration,
has always worked at suburban
installations, but has never been
able to find a place to live close to
his job. Currently he travels about
20 miles each way between Lewis
and his home near Cleveland.

His complaint is echoed by com-
pany officials. A recruiter for an
electronics company in the North-
east says the biggest obstacle to
hiring Negro engineers is the prob-

Raytheon’s Major M. Cousens finds
Negro youngsters are unfamiliar with
opportunities in electronics.

lem of finding suitable housing for
them. “It takes me six to seven
weeks sometimes to break down
neighborhood and community bar-
riers,” he explains. “I not only have
to bend company regulations about
personal expenses, but I have to
break them completely in order to
wait out the prejudice and settle
an engineer moving his family.”

Despite persisting problems, in-
dustry officials see an ever-bright-
ening future for Negro engineers.
One Negro executive, Ben F.
Handy, Jr., manager of systems en-
gineering at the Litton computer
systems laboratory, in Woodland
Hills, Calif., says: “We won’t have
Negro corporate vice presidents or
managers of large installations for
major corporations in the next five
years, but the barriers will let
down. One day, 5 to 10 years from
now, a man’s position will not de-
pend on color.”

A lot of young Negroes may be
watching the electronics industry
to see whether this prediction
comes true.

Negroes help themselves

By Frank Pitman
McGraw-Hill World News

Negroes are making their own op-
portunities at the K-Alpha Corp., a
small electronics firm in Denver.
The company, made up almost
entirely of Negroes, manufactures
an 18-ounce device, the Distress

Marker Generator, which sends out
an SOS signal to guide rescuers to
a lost or crashed plane.

Orville Slaughter, 35 years old,
president of the corporation and
inventor of the device, says, “We
hope our small plant will show the
way to more opportunity for minor-
ity groups.” Slaughter is convinced
that Negro businessmen will invest
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Among principals of K-Alpha are Thomas Morrison, the only non-Negro in the
firm; Marion Malone, Lorenzo Francis and president Orville Slaughter, Jr.

in similar businesses as skilled
Negro labor becomes more plenti-
ful.

K-Alpha was founded in Decem-
ber, 1959, by Slaughter, an instruc-
tor in classified electronics at
Lowry Air Force Base in Denver.
He invented the signal device after
a boyhood friend, Lt. Russell G.
Pigford, had been lost in the Pa-
cific on an Air Force flight from
Okinawa.

Modern plant planned. The com-
pany operates in a 1,500-square-
foot area consisting of two large
house trailers. K-Alpha has just ob-
tained a Small Business Adminis-
tration loan for $15,000, according
to Lorenzo B. Francis, a director
and head of the firm’s sales com-
mittee. Most of the money will be
used to buy additional land around
the present plant, he says. A mod-
ern factory is scheduled for con-
struction on the site this summer.

The management and production
staff, with one exception, is made
up of Negroes who have fulltime
employment elsewhere. Each de-
votes an average of 25 hours a
week, outside his regular job, to
training classes and manufacturing
or administrative duties.

Most of the 17 principal em-
ployes are college graduates with
degrees in such fields as architec-
ture, finance, business administra-
tion and engineering.

Twenty other participants are
volunteers enrolled in the plant’s
training program. The 15 men and
five women report twice weekly for
two hours of instruction by Wil-
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liam Walters, an electronics engi-
neer. Courses include fundamentals
of electricity, alternating- and
direct-current circuits, electron
tubes, transmitters, receivers and
antennas.

Skilled labor pool. In about a
year, when the trainees finish their
courses, they will provide a pool of
skilled help for K-Alpha or other
electronics firms, according to
Francis. He says, “They are under
no obligation to us for the training.
They’re welcome to get better jobs
in the community if they can. We're
just trying to help them as individ-
uals and to be of service to the
community as a progressive com-
pany.”

Negroes in Denver and else-
where, said Slaughter, the presi-
dent, “lack confidence and experi-
ence in the more skilled operations.

R

Evening classes are part of the training
program. Trainees Lewis Planter,

21, an airman, and Harold J. Butcher,
41, a trucker, work part-time for
K-Alpha.

That’s one of the problems in race
relations.” Slaughter feels that
there is “dire need for technical ad-
vancement in Denver and it's our
duty to give this, irrespective of
race.”

Slaughter, Francis and other
company officials have traveled to
major southern cities to talk to
Negro businessmen. Slaughter said
he found, on visits to Atlanta, New
Orleans and Mobile, that: “Negro
businessmen there have the capi-
tal and are ready to establish in-
dustries for minority groups. We
think some of our people, after
training here at K-Alpha, will be
qualified to go to those cities and
help establish manufacturing plants
in electronics.”

Money problems. Financing the
firm has been a struggle. K-Alpha
is incorporated for 49,000 shares.
Slaughter holds controlling interest
with 25,000 shares. All but 8,500 of
the remaining shares have been
sold, nearly all in blocks of $25
and $50. Cost of the shares went
from $1 to $2 on March 6, Francis
said, because of increased land
value and the planned new build-
ing.

The only non-Negro in K-Alpha’s
operation is Thomas Morrison,
owner of the Morrison-Bush Co., a
marketing firm. “We felt it was
necessary to engage a marketing
specialist,” Francis said, “and there
just was no one available in our
Negro community who had any ex-
perience in marketing electronic
products.”

K-Alpha’s annual sales have been
small—about $2,000. However,
Morrison is establishing distributor-
ships, through manufacturers’
representatives in Chicago, Los
Angeles, San Francisco, Hawalii,
Germany, South Africa, France,
Canada and Italy. Francis expects
sales to climb rapidly.

Morrison extolls the participants’
missionary zeal. “These fellows
have worked long hours improvis-
ing plant facilities they couldn’t
afford to buy,” he declares. “A
good example is the silk-screening
process they use in fabricating
printed circuits. Nobody here knew
much about it, but they studied
and experimented until they could
do it themselves. That’s typical of
all phases of their manufacturing.”
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Quality switches—available from stock!

48 hours from Daven to you!

87 adjustable stop switches
that replace 2,001 standard types!

Daven revolutionizes switch availability by putting
the equivalent of 2,001 standard types as close as
your telephone. That's 97% of all your switch
needs brought right to your door — direct from
Daven within 48 hours! Daven does it by designing
the characteristics of 2,001 switches into 87 easy-
to-stock, easy-to-use adjustable stop switches.
The result: instant availability and maximum
flexibility (you can change the number of switch
positions at any time). The cost is the same, or
less, than its standard counterpart.

Daven adjustable stop switches are built in

DAVEN

LIVINGSTON, NEW JERSEY

square configuration, in 134” and 2%” sizes. Like
all Daven switches, their metal parts are fab-
ricated from corrosion-resistant materials . . .
plastics are heavily filled with non-organic fibres
and are capable of withstanding high temper-
atures . . . switch contacts and rotor arms are
solid silver alloy. Daven’s patented knee action,
tamper-proof rotor is standard. Designed to meet
the requirements of MIL-S-3786.

For your new switch catalog, with details on
the new adjustable stop switches and a complete
Replacement List, write today!

(201) WYman 2-4300 e TWX 201 992-7356 e Cable: DAVEN LIVINGSTON N J
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FREE-FLEX*
CIRCUITRY

SOME PEOPLE
THINK THIS IS
A PARABOLIC
ANTENNA!

Visualize this “way out” idea.
5 mil wide copper lines laid in a
mere 2%" diameter circle with
5 mil wide spacing! It's just one
small example of how Garlock
FREE-FLEX* Circuitry is allow-
ing engineers everywhere new
design freedom, new reliability,
new economy! FREE-FLEX* is
setting new standards in point-
to-point wiring, basic circuitry,
inter-chassis circuitry and
countless other applications.

By the way, that isn't a para-
bolic antenna, but if you have
had difficulty reducing fresh,
new ‘‘way out'’ ideas to realistic
applications, why not let
Garlock lend a helping hand?

FREE-FLEX* ENGINEERING HANDBOOK

This new handbook gives complete
technical and practical data on
Garlock FREE-FLEX* Circuitry. Your
free copy is waiting, just write to:

*Garlock Trademark

GA RILOCK
ELECTRONIC PRODUCTS

CAMDEN, NEW JERSEY 18101
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BREAKTHROUGH

Microelectronics

Engineers improve on the computer’s topological diagram, using a light-pen

Computer in the
microcircuit design room

Engineer’'s mechanical aide indicates ability to
speed the layout and manufacture of integrated circuits

By Michael F. Wolff

Senior Associate Editor

In designing an integrated circuit,
many an engineer has spent days
positioning areas of different kinds
of semiconductor materials. Now
there are signs that computers can
speed the process, thereby cutting
costs of producing complex micro-
circuits.

If scientists of the Norden divi-
sion of the United Aircraft Corp.
are correct, the circuit designer
may one day have a fast, accurate
mechanical aide — one that can
obey specific rules for locating all
the p-n junctions and interconnec-
tions, display the resulting de-
sign on a cathode-ray tube, and
follow designer’s subsequent sug-
gestions for improving the circuit.

The engineer’s role may evolve
toward that of a computer super-
visor.

CIRCLE 100 ON READER SERVICE CARD

In the Air Force-sponsored pro-
gram in Norwalk, Conn., which be-
gan only seven months ago, the
Norden researchers successfully
applied computer techniques to the
two most time-consuming phases
of linear microcircuit production:
design analysis and mask layout.

The major part of the cost of a
nonstandard microcircuit, such as
a 100-component, six-watt servo
amplifier, is in preparing a design
capable of good integration and
transferring this design to the best
possible topological layout in a
silicon chip. “Topological” refers
here to the arrangement of p-n
junctions, which define the active
and passive zones of the crystal,
and to the interconnections on the
oxide surface, which complete the
electrical network.
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The missing breadboard — The
flow diagram (bottom, page 102)
shows how the computer is used in
the Norden program.

When an engineering problem
arrives, a designer prepares a pre-
liminary basic circuit. The design
is then fed into the computer,
which makes a complete electrical
analysis of the design and equiva-
lent circuit, thereby eliminating the
need for breadboarding. Norden
has developed programs permitting
a-c, d-c and transient analyses in
28 minutes that would normally
take several man-months.

The next step is mask layout—
deciding where the components
should be placed on the crystal,
how they should be connected, and
what fabrication processes should
be used. The goal is maximum
yield and performance using a
minimum area of crystal and as
few interconnections and cross-
overs as possible.

In the past the mask designer
was guided by an informal set of
topological rules accumulated from
previous experience. Now these
rules have been expanded and or-
ganized so that design criteria, con-
straints and degrees of freedom
can be specified in a language that
can be handled by a digital com-
puter.

For design by computer, the
leads from every element are tabu-
lated, as are the external points and
the nodes connecting three or more
points of the circuit. The computer
searches this list for the reference
cycle—the closed loop containing
the largest number of circuit ele-
ments. The computer then con-
structs an initial topological layout
by arranging the components of
the reference cycle into a rectangle
and distributing the various com-
ponent appendages along the rec-
tangle according to previously
programed rules governing the
spacing of circuit elements and in-
terconnections.

Commands for the computer —
Several hundred instructions have
already been developed for the
computer. Eventually there will be
thousands to cover all possible
manufacturing processes. Typical
instructions are:

“Break the circuit at the most
negative potential and tie into the

“Find a line or point of sym-
isolation moat.”
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how to maieh a PAV
to tough GSE specs

From its all solid state circuitry to its MIL-type hermetically sealed meter and plug-in
amplifiers, every design feature of the Model VM-235 Phase Angle Voltmeter has
been selected for rigorous service in Aerospace Ground Equipment.

Your North Atlantic man can quickly demonstrate how this rugged, miniaturized
version of North Atlantic's famous PAV provides direct, accurate reading of phase
‘angle, nulls, total, fundamental, quadrature and in-phase voltages —even under the
roughest of military field conditions.

The VM-235’s ability to meet tough system specs is demonstrated daily in opera-
tional and support equipment for USAF and Navy aircraft and missile programs. Its
capabilities for complex measurements are shown in the abridged specifications
below:

oltage Range

1 mvto 300vf.s., 12 ranges

NORARE ACCUNBCY. ..ot a s e avins free *2% f.s.
Phase Accuracy............c.cccoenennn.... dial: =1°; meter: £3% of F.S. degrees
g A A Ty (o R e e N T SRR B e o 400 cps
G O [ e E T Lo e el B L RS Er PN RO o S SR el SO 1 megohm
Reference INPUL. .......cc..cocoicsiorrasisnsssossassssvinssssedssssssssssnsannns 26vorll5v
Meterscale. ... . e 3-0-3, 10-0-10 linear
Phase Angle DIAl...............cooeeensicessosssasonnmssanmns 2 scales, 90° (elec.) apart
Nulling Sensitivity...............cccceeeriiimieaennee 2 microvolts (phase sensitive)
Harmonic Rejection................ocoioiiiiieeeeee 55db (with filters)
Dimensions 87" h. x 814" w. x 6%" d.

T, W e
North Atlantic’s field engineering representative in your area has full data on the
VM-235, as well as modified versions for specific systems requirements.
For his name, call or write today, or request Bulletin VM-235,

IWNORTH ATLAINTIC industries, inc.
TERMINAL DRIVE, PLAINVIEW, L. I.,, NEW YORK e OVerbrook 1-8600
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NEW!!!

PHASE-LOCK

RECEIVER
DEMODULATOR
TRACKING FILTER

MODEL 215

SELECTED FOR NASA
(GSFC), WORLD WIDE
TRACKING NETWORK

& Solid state plug-in circuitry

& Third-order loop

& Integral scope monitor

& Temperature controlled circuitry

& 150 Kc bandwidth, AM or PM
demodulation

& Designed for pre-detection,
optimum-ratio, diversity combining

Specifications
on request. Write to —

ELECTRAC, INC.

1001 ARLEE PLACE
ANAHEIM, CALIFORNIA
TEL: (714) 772-9672
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Two-strobe sense amplifier, designed with computer techniques into a single

silicon chip

metry and place symmetrical cir-
cuit elements around it.”

“Keep sensitive elements away
from regions of power dissipation.”

When the computer finishes its
calculations, the resulting topo-
logical diagram is displayed on a
cathode-ray tube. From the dis-
play, it may be evident to the mask
designer that some space has been
wasted or that other elements
should have been added. He can
reshape and reposition the ele-
ments in any way with a light pen
—a small photocell. The technique
is similar to that used in the
Sketch-pad program at the Lincoln
Laboratory of the Massachusetts
Institute of Technology (Electron-
ics, May 17, 1963, p. 16). The
computer will display the con-
sequences of the changes, as de-
termined by the design rules

built into the computer’s program.

Broader role for automation —
Ultimately, Norden expects auto-
mation to play a role not only in
mask-cutting and manufacture, but
also in complete circuit synthesis
and analysis from a transfer func-
tion. Because it would depend on

geometric  considerations rather
than on particular manufacturing
processes, such a system also

would have great flexibility, and
ability to quickly reproduce exist-
ing circuits that might have been
lost or destroyed. Such a system
might only be 3 to 5 years off.

Norden scientists have used their
design instructions to build a basic
integrated circuit that could be
either a two-strobe sense amplifier
or a two-stage differential ampli-
fier, depending on the final inter-
connection pattern. The differen-

TEST DATA| [wAFERS,
DOPANTS,
HEADERS, ETC,
REQUIRE - BASIC MASK DELIVERED
MENT CIRCUIT PARAMETERS DESIGN MASTERS CIRCUIT
l PRELIMINARY’ J CIRCUIT J MASK \ l a‘g‘,’(””'c FABRICATION
DESIGN SYNTHESIS Lavour® / TN "1anD TEST |
/circurr PLOTTER MONITORING
ANALYSIS OR DISPLAY AND CONTROL
KEY
: : I I ( > LAYOUT
HUMAN ACTION, SPECIALIZED  COMPUTER MODIFICATION
MONITORING, ~ EQUIPMENT PROGRAM s
CONTROL TOPOLOGICAL RULES
BUILT INTO PROGRAM

Hexagons show where computer techniques fit into Norden’s design and

manufacture of microcircuits
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IN ORBIT

Hears more.. :
Holds more. ..
Tells more. ..

In outer, inner, and inbetween space, Leach Tape Recorders
hear and tell more for their tiny size and weight than any other
recorders. And they work best when the going isn't.

Only seven pounds light, the Satellite Recorder/Reproducer
(MTR-2100) withstands launch and re-entry, records

for 210 mins. at 1.8 ips and requires the minimum

power consumption.

Less than 2 Ibs. light (actually only 26 ounces) this : ;
smallest Leach Recorder (MTR-362 LT) takes 2000 G's of ’ IN THE ATMOSPHERE
shock and works in temperatures from — 100°F to 180°F. >
Only nine pounds light, this Leach Recorder (MTR-800)

has a tape capacity of 300 feet of one mil Mylar tape,

withstands shock to 750 G's and vibration to 15 G's to

2000 cps. Proved during rocket sled tests.

Only 13 pounds light, this Leach Recorder (MTR-1200)

is now used in underground nuclear tests. It has a tape

capacity of 720 feet of one mil Mylar tape on up to

16 channels. Takes shock to 750 G’s and vibration to 15 G's

to 2000 cps.

Leach makes the accessory electronics, too—all

interchangeable for selection of record modes between

analog, digital and fm.

Off the shelf or off the drawing boards, Leach Tape Recorders

will make the toughest job sound easy. For full details fn
write Leach today. ON GROUND

CORPORATION

CONTROLS DIVISION
717 North Coney Ave. 2 Azusa, Calif. UNDERGROUND
Export: Leach International S. A.



VERSATILE P CIVE SIGNAL SIMULATOR

SUB-FRAME | SIGNAL
LENGTH DROPOUT

Two-stage differential amplifier was
designed with computer techniques.
Note the arrangement of circuit
elements about a vertical line of
symmetry

LIMITED

BANDWIDTHS tial amplifier (see photo) has an

internal common-mode feedback
rejection of about 100 db and a
power-supply rejection of about 40
db. Depending on external re-
sistor ratios, signal gain can be
adjusted from one to 1,000. The
stabilized feedback amplifier is
flat to about 20 Mc and rolls off 12
db per octave.

The sense amplifier (see circuit
diagram) has an over-all gain of
...another new product for the telemetry industry 208, Both amplifiers yse alangoue:

interconnections and leads, and

This reliable, highly versatile instrument, Model SS-1100, accurately simulates the output consequently have shelf storage in

of a PCM telemetry receiver, tape reproducer, or hard line data encoder. excess of 350°C.
These amplifiers were built ac-

cording to the flow chart accom-
panying this article. Circuit analy-
sis was done by the computer, but
the topological rules were applied
Contact Bendix-Pacific, North Hollywood for complete information. manually. However, other ampli-
fier mask designs have been carried
out on the computer. One design
DESIGN FEATURES :.| cut the size of a 61-by-70-mil sense
: | amplifier to 35 by 51 mils.

Norden believes it has shown
that automated design for the
manufacture of microcircuits is
practical. Future work will be

The output is a serial wavetrain whose prescribed characteristics enable quantitative
analysis of the performance of the PCM equipment under test. Noise...jitter...signal
dropouts...sync patterns...word length...frame length...sub-frame length...data con-
tents...and limited bandwidths can be simulated.

sssenssssssnnesnen N T T R R

Generates any code using the base 2 numbering system with signal waveforms.
Completely solid state with all silicon semi-conductors.

Continuous bit rate coverage from 1 to 1,000,000 bps.

Integral bit or fixed time blanking.

Independently programmable main frame and sub-frame word lengths.

Continuously variable output bandwidth control. : | aimed at applying thgse concepts
Optional twenty stage (1,048,575 bit sequence) pseudo-noise generator. : | more fully. The project is con-
Optional parallel code signal output in NRZ and RZ for all serial data output waveforms, ~ : | ducted in Eugene Tatom’s solid-
Extra mounting space for 10 printed circuit boards. : | state engineering section. Dr. Mel-
Slide mounted for standard 19” rack, 14” high. : | vin W. Aarons, chief of the re-

search and development branch of
solid-state engineering, is project
engineer. The study is sponsored
by the Manufacturing Technology

: T ? . Division of the Materials Labora-
Bendix-Pacific Division y U[ 2 ,?’g’f{l/,lf tory at Wright-Patterson Air Force
Base, Ohio.
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NEW HIGH

VOLTAGE

L SILICON
2.5 amp

NEW
HIGH VOLTAGE
SILICON
50ma to 1 amp

$ amp
MINIATURE
NU-BASE

This is a sneak preview. You are looking at
four new Delco Radio devices. Some have just
been announced. Others are still under devel-
opment. All of them will be in our display at
the I.LE.E.E. Show. We’ll be showing new high
voltage silicon transistors, miniature nu-base
germanium transistors, zener diodes, high cur-
rent, high voltage rectifiers, axial lead rectifiers
...the devices we’re producing, the ideas we’re
developing. These are all products we can turn
out in the quality and volume that make them
practical for a lot of applications. Maybe for
something you’re working on right now. SO
o000

what’s
new

with
y()u?

SEE OUR PRODUCTS AT LE.E.E. BOOTHS NO. 1522-1524

LCO

F ABILITY
_\é ELIABILITY

DIVISION OF GENERAL MOTORS, KOKOMO, INDIANA
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Tough new silicone speeds potting rates
Higher strength RTV-615 cures to a clear resilient compound in 15 minutes at 150°C

RTV-615 is a new addition to General Electric’s
family of rubber-like potting and encapsulating com-
pounds. It offers the interesting combination of
greater strength (1000 psi), toughness, low viscosity
(very pourable) and excellent transparency.
RTV-615 lends itself to production line potting
since it can be cured tack free in 15 minutes at
150°C, in one hour at 100°C, in 4 hours at 65°C or

24 hours at room temperature. Pot life at room
temperature is 4 hours. Mixing procedure has been
simplified over previous materials.

RTV-615 is designed to protect assemblies against
thermal shock, vibration, moisture, ozone, corona,
dust and chemicals from —65°C to 200°C. Its
comp]etc transparency permits easy component
identification and repair.

NEW! RTV’s that protect to —150°F. RTV-511
and RTV-560 stay resilient at temperatures
that cause other types of potting materials to
crack. They also have a higher degree of flame
resistance than other RTV’s. Excellent for
aerospace use, both new RTV’s retain full
ozone, corona and weathering resistance.

if you would like a free sample of one of these new General Electric RTV
silicones for evaluation, write on your letterhead, describing your applica-
tion. For additional information, check reader service card. Section N3107,
Silicone Products Dept., General Electric Company, Waterford, New York.
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NEW!

RTV-108 translucent adhesive sealant.
Combining easy tube dispensing with power-
ful adhesion, RTV-108 is a translucent seal
and insulator for terminals, joints and other
electrical and mechanical sealing jobs. There
is no mixing. RTV-108 air cures to a flexible,
resilient silicone rubber.

CIRCLE 106 ON READER SERVICE CARD

NEW! RTV-30 combines low viscosity with high
strength. RTV-30 is a new compound with low
viscosity for filling small and complicated
configurations. Yet it also possesses excellent
physical strength, making it a superior flexible
mold material for prototypes and short-run
production.

GENERAL @3 ELECTRIC
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New Products

Voltmeter displays amplitudes of transients

All-silicon solid-state instrument is useful

for determining reliability of missile systems

The model 5201A transient ampli-
tude voltmeter (shown in diagram)
fills a requirement for direct meas-
urements of transients or other
nonrecurring voltages. The instru-
ment has a range to 1,000v either
a-c or d-c. It is primarily intended

for system checkout, circuit investi-
gation and general lab use, and
may also be used for unattended
monitoring of power supplies,
power lines and life-test systems.
Unit is used in the same manner
as a conventional voltmeter. It is
connected to the system or circuit
being tested and will read and
register the maximum peak volt-
age amplitude occurring, All volt-
ages including transients having a
pulse width of 50 nsec or longer

will be read out and registered on
the 4%-in. rectangular panel meter.
The registered transient will be
displayed indefinitely until manu-
ally reset or until a higher ampli-
tude transient is registered. There
is no threshold nor preset voltage
level to be exceeded before a tran-
sient will be registered and a one-
shot transient can be measured.
Voltage transients that might
damage newly designed systems
or equipment are readily traced to
their source and eliminated. Peak
inverse voltage ratings in new
power supplies are readily meas-

ured with this instrument. Model
5201A is considerably more simple
to use than an oscilloscope for
these applications as there are no
sync, gain, triggering level, sweep
speed nor other controls to adjust.
It may be used unattended in ap-
plications where transients occur
at random.

The all-silicon solid-state instru-
ment has an electronic memory and
is available with an output for
strip-chart recorders. Price is $695.
Micro Instrument Co., 2245 S. Fed-
eral Ave., Los Angeles, Calif.
Circle 301, Reader service card

Tiny autocollimator
monitors remotely

A truly miniature electro-optical in-
strument, the MINEAC, can be
used without physical or electrical
contact to measure and continu-
ously monitor the angular position
or deflection of guidance and sta-
bilization components, or the flex-
ure of structural elements. Com-
plete with optics, detector and elec-
tronics, it weighs less than 1 oz and
is no larger than 1% in. in any
dimension. Power consumption is
less than 0.2 w.

MINEAC is intended primarily
for installation in missiles and
spacecraft and their test systems.

A
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It can also be used in any military,
scientific or industrial application
where small position changes must
be measured without physical or
electrical contact, and where there
are severe space and weight limi-
tations on the measuring instru-
ment.

Resolution is 0.048 second of arc
(taken at a range of 24 in., lamp
frequency at 60 cps and color tem-
perature of 1925 deg K). Operating
range is 0 to 5 ft. Long-term null
stability is better than = 5 min-
utes. Acquisition range is *+= 25
minutes of arc. Output signal char-
acteristics—up to 5 mv/arc-sec
(a-c); output impedance, 150 ohms.
Barnes Engineering Co., 30 Com-
merce Rd., Stamford, Conn. [302]
[Continued on page 109]
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Computer Output

Questionnaire
R e R

Test your knowledge of the latest methods available

for displaying and recording the
output of large-scale digital computers.

Questions

1 How much time was required to record the
above output sample “b” on film.

a. One hour [J b. One minute [J
c. One second [J d. One-half second [J

2 How much time was required to print all of
the above samples from tape transport start to
delivery of finished paper to the engineer?

a. Thirty seconds [ b. Six minutes []
c. Twenty-five minutes [J d. One hour [J

3 How much time was required to write the
computer program for producing sample “b”?

a. One minute [0 b. Five minutes []
¢c. One hour [J d. Four hours [

4 How much large-scale computer time (IBM
7090 class) was required to prepare tape for out-
put sample “b” shown above?

a. Less than three seconds [J b. One minute []
c. Five minutes [ d. Ten minutes [J

5 How many of the following output types
can be produced by one versatile computer
recorder already in commercial operation? (1)
16mm microfilm for automatic storage and re-
trieval; (2) 35mm microfilm; (3) quick-look
paper copy; (4) high-quality paper copy for re-
ports and distribution; (5) vellums; (6) page-
size film negatives; (7) animated motion picture
strips.
a. (1) through (3) 0 b. (1 through4)
c. All except (7) [0 d. All of these [

6 Each of the six samples above represents a
specific computer output application. Match cor-
rect letter code of above samples to each of the
applications listed below.

Curve Plotting

PERT Charts

Tool Path Drawings

Orbital Plotting

Mapping

Alphanumeric Line Printing

7 What is the minimum number of hours of
daily usage required to justify economically an
output device capable of producing all of the
above samples in a matter of seconds?
a. Sixteen hours [0 b. Eight hours ]
c. Three hours [0 d. One hour [J

(Answers may be found on following page)

GENERAL DYNAMICS | ELECTRONICS G"““§|D SAN DIEGO
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(Advertisement)

Answers

1 Answer: “d"” —The annotated graph
sample was recorded in one-half second on a
General Dynamics S-C 4020 computer recorder
which plots at 10,000 points/second and prints
at 7,000 lines/minute. Even the most compli-
cated sample, the map, took only six seconds.

2 Answer: “a”’—Using S-C 4020’s quick-look
printing capability, an impatient engineer could
have page-size paper output in less than 30
seconds after computer-generated tape is
placed on the tape transport.

3 Answer: “b"—If x, y values of points to
be plotted are stored in arrays X and Y; and
titles for the graph, its x axis, and its y axis are
stored in alphanumeric arrays PGTITL, XTITLE,
and YTITLE, respectively, the single statement
CALL AICRT3(1,X,Y,NOPNTS, 1,2,2,42, PGTITL,
XTITLE, YTITLE, 1,1,32.0,1, DUMMY1, DUMMY2,1,
DUMMY3, DUMMY4) will produce a labeled grid,
the desired titles and the plotted curve.

4 Answer: ‘‘a’’—Using the AICRT3 subroutine
and its high density tape capability, S-C 4020
accepts data at input rates up to 62,500 six-bit
characters per second, economizing on valuable
computer time.

5 Answer: ‘“‘d’’—The versatile S-C 4020 pro-
duces all these types of output, including com-
puter-generated movies. Movies are produced by
creating slightly varying drawings which can be
viewed with a motion picture projector.

6 Answers: Curve Plotting, b; PERT charts, a;
Tool Path Drawing, c; Orbital Plotting, f; Map-
ping, d; Alphanumeric Line Printing, e; S-C 4020
allows organizations to use computers to trans-
late output into graphic form for many different
departments and groups.

7 Answer: “‘d”’—In many centers where S-C
4020s are in operatfon, one hour or less of use
per day justifies the cost. One user performs a
complex plotting job for engineering, in a few
minutes, which previously took a large drafting
department several days. The same highly pre-
cise annotated charts are now produced simul-
taneously on paper and on microfilm.

For information on S-C 4020, write
Dept. E-13, General DynamicsIElqc-
tronics, P.O. Box 127, San Diego, Calif.
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New Components and Hardware

Rotary stud switches
are miniature size

Type D-951 miniature rotary stud
switches combine small physical
size with the advantages of low
contact resistance and minimum
maintenance. The studs are made
from fine silver and the wipers
from silver-graphite, giving smooth
operation and a constant low con-
tact resistance of 3 milliohms. In-
sulation resistance between studs
exceeds 100,000 megohms. No lu-
brication is required and sample
switches have been rotated 10 mil-
lion times at 240 rpm with no ap-
preciable wear. Muirhead Instru-
ments, Inc., 1101 Bristol Road,
Mountainside, N. J.

Circle 303, Reader service card

Connector suited for
core memory stacks

An ultraminiature Varicon connec-
tor, called the BI/Con, is an-
nounced. Illustration shows the
comparative size of 9-contact Bi/
Con with 9-contact series 8129
microminiature model. Bi/Con
concept makes it possible to sub-
strate, with rapid disconnect fea-
tures, units previously integrated
or unitized because of space limi-
tations. New connector is ideally
suited for magnetic core memory
stacks which presently do not pos-
sess advantage of convenient stack
assembly. Therefore the current,
contact density and retention ca-

pabilities of Bi/Con are compat-
ible with the requirements of any
miniaturized equipment. Two con-
tacts, when engaged, form cross
mating area 0.035 in. by 0.035 in.
Mating area, along with the 0.020-
in. diameter bi-channel tails
readily permit contact spacing at
0.050 in. square grid pattern. Elco
Corp., Willow Grove, Pa. [304]

Nylon screws are
automatically molded

An extensive range of automat-
ically molded nylon screws—from
0.80 “watchmaker” size miniatures
to standard %4-20—is available.
Molded nylon machine screws are
manufactured in a wide range of
slotted and phillips recessed heads,
including binding, round, fillister,
washer, two types of flatheads (82
and 100 deg) and an oval head
(82 deg). Headless set screws are
available with plain, oval, flat,
cone, half dog, and full dog points.
Nylon has excellent electrical in-
sulation  properties:  dielectric
strength, 625 v/mil at 0.050 in.
thickness; dielectric constant, 5.1
at 60 cps, 73 F. Gries Reproducer
Corp., New Rochelle, N.Y. [305]

Readout memory uses
silicon controlled switch

Nixie tube memory has eliminated
the need for flip-flops and replaced
them with a new silicon controlled
switch (scs). Each scs replaces 2
transistors, 4 resistors, several di-
odes and capacitors per memory
element. In a standard 15-position
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GUDEBROD CABLE-LACER
SPEEDS AND IMPROVES
WIRE HARNESS TYING—

HANDLE HOLDS
BOBBIN OF
REQUIRED TAPE

TAPE FEEDS
OUT UNDER
TAPE LOCK

HOOK CAN BE
USED FORR TO L,
OR L TO R LACING

The Gudebrod Cable-Lacer is the first
production tool specifically designed to
speed, ease and improve the lacing of wire

GUDEBROD
FLAT BRAIDED harnesses.
A bobbin of tape in the handle feeds tape
LACING as needed making the handling of long
TAPES FOR sections unnecessary. The number of
splices are reduced too.
EVERY NEED

The hook (which can be arranged for left
to right, or right to left hand lacing)
facilitates the passing of the tape over or
under the wiring.

The tape lock provides a firm hold on the
| tape augmenting the hand pull for up to
30 % tighter knots. Hand contact in knot
tying is eliminated.

The ease of handling the tape, the speed-
ing of the knot tying, the elimination of
hazard to hands are all appreciated by the
harness section worker. Efficiency im-
provements of 20 % and more have been
proven. The Gudebrod line of lacing
tapes is available in bobbins for use in
the Cable-Lacer.

Gain these advantages for your harness
tying operation—improved worker condi-
tions—increased production—higher
quality harness. For complete information
get in touch with the Electronic Division.

Specify Gudebrod Lacing
Tapes for all your require-
ments. They meet or exceed
all MIL-T specifications
and commercial require-
ments. They will help in-
crease your production
because Gudebrod care-
fully tests, measures, and
maintains close tolerances
for slip resistance, fray re-
sistance,breakingstrength,
wax content, fungistatic
effectiveness. Standard,
burn proof, high tempera-
ture tapes available in reg-
ular spools or in bobbins
for the Cable-Lacer.

UDEBROD BROS. SILK CO., INC.

FOUNDED IN 1870

8P00
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/3
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e
12 SOUTH 12TH STREET, PHILADELPHIA 7, PENNSYLVANIA
Visit the Gudebrod Booth 4032 at the L.E.E.E. Show
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New Components

readout memory, this would mean
a saving of almost 150 components.
Use of the planar passivated switch
has permitted a 40-percent reduc-
tion in cost, and shrunk the size by
60 percent. Company says the new
memory is more than 100 percent
more reliable than former readout
memory devices. Burroughs Corp.,
Electronic Components Div., Plain-
field, N.J.

Circle 306, Reader service card

Transistor chopper
features low noise

Solid-state chopper type 6015 is
designed for operation in some cir-
cuits previously requiring electro-
mechanical choppers. Maximum
noise level is 0.4 mv; maximum off-
set is 0.3 mv. Type 6015 provides
spdt switching and can handle d-c
signal levels up to 30 v, 3 ma. Drive
can be 50 cps to 5 ke, 5.7 to 14 v
rms, sine or square wave. Airpax
Electronics Inc., Cambridge, Md.
[307]

Rotary brush cleans
printed circuit

Rotary brush for cleaning printed
circuits helps insure reliability in
electronic equipment. The Metlkor
brush is perfectly balanced, de-
signed to rotate at high speeds
while distributing the brushing ac-
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tion evenly and efficiently over the
entire surface. It will provide a
long service life and vibration-free
performance. The brushes are
available with either nylon, fibre,
wire, or horsehair bristles, and are
refillable. The blocks are available
in aluminum with diameters of 2 to
8, and more, inches. M. W, Jenkins’
Sons, Inc., 444 Pompton Ave.,
Cedar Grove, N.]. [308]

Heat sinks cool
semiconductors

Now available is a line ot new
coolers: (a) 4 by 4 by 5 diode and
scr heat sink designed to accept
1 1/6 in. hex stud mounting semi-
conductors . . . with a typical ther-
mal impedance of sink to ambient
of 0.6 C/w; (b) 5 by 5 by 5 for
1% in. hex at 0.45 C/w thermal
impedance; and, (c) 6% by 6%
by 9 for 134 in. hex at 0.35 C/w
impedance. Wakefield Engineering,
Inc., Wakefield, Mass. [309]

[
ks

Tiny variable coils
offer wide range

Series 3500 miniature variable
coils are wound on the smallest
Cambion ceramic coil form (Part
No. 2689). The new coils are only
1.227 in. high (maximum) and 0.156
in. in diameter. They are offered in
28 values ranging from 0.1 ph to
18 ph, and have excellent minimum
Q’s that are guaranteed. All are
solenoid-wound and color-coded
for ease of identification. They are
priced in quantities of 250-499 at
$0.79 to $0.84 depending on in-
ductance values. Cambridge Ther-
mionic Corp., 445 Concord Ave.,
Cambridge, Mass. 02138. [310]
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17 Ibs-35 watts-=dc to 100 kc
fm and direct-ac or dc power

The Pemco Model 110 general purpose data recorder sets a new
standard in ultra-portability for high-performance instrumentation
recorders. Less than 1/5 the size, weight and power consumption
of most conventional portable recorders, the Model 110 boasts a
signal to noise ratio of 40 db FM and 35 db Direct, long term speed
stability of better than + 0.5% from a 22-34 VDC input, and FM
center carrier drift of only 0.1% over a full reel of tape.

Shown above with the Model 14 rechargeable
Power Pack, the Model 110 offers standard
2-speed drive over a range of 1% to 30 ips,
with 3-speed ac and 4-speed dc avail-
able. With optional converter, the model 110
easily operates from 12v dc, in addition to
the standard 28v dc or 117v ac. %", %" or
1” tape widths accommodate 2, 7 or 14
i standard IRIG channels respectively. Inter-
changeable plug-in FM and direct record /reproduce electronics.

Entirely compatible with double bandwith and IRIG standards, the
PEMCO Model 110 offers lab precision for extreme and remote
environments. Ask your PEMCO representative or write us direct.
We'll be pleased to send complete technical and operating data.

PACIFIC
ELECTRO

MAGNETICS
942 Commercial Street

Palo Alto, California 94303

(415) 321-1177
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New Instruments

Sweep generator
operates in 4 modes

A sweep/signal generator capable
of producing up to 4 w of swept
r-f power over a range of 330 to
1010 Mc is announced. The PD-8
operates in any of four modes
swept r-f, modulated swept r-f,
modulated c-w, and c-w. It em-
ploys a high-power uhf triode and
a new method of sweeping a tuned
cavity oscillator. The 4w of r-f
power in the swept modes, or 2 w
in the c-w modes, are provided

after 3 db of fixed attenuation. The
attenuation is included to stabilize
the output with variable loading
and to establish a 50-ohm imped-
ance reference. A high-gain auto-
matic level control circuit counter-
acts tendencies of the r-f output
level to vary with frequency, line
voltage, or loading. The PD-8 gen-
erates a properly phased signal to
provide the horizontal deflection
voltage for an oscilloscope. Price is
$2.750. Telonic Industries, Inc., 60
N. First Ave., Beech Grove, Ind.
Circle 311, Reader service card

Wide-chart recerder
has four speeds

Compact single-channel direct writ-
ing recorder with 100-mm chart
width, four pushbutton-selected
chart speeds and a choice of solid-

state plug-in preamplifiers is an-
nounced. Model 7701A provides
greatly increased trace resolution;
plug-in signal conditioning capabil-
ities for d-¢, low level, carrier, a-c
transducer and other signal inputs;
four recording speeds from 0.5
mm/sec to 50 mm/sec; full scale
frequency response d-c to 30 cps
within 3 db; linearity better than
#1% percent of full scale; sensitiv-
ity (with high gain preamp) of 1
wv/chart division. Sanborn Co., 175
Wyman Court, Waltham 54, Massa-
chusetts. [312]

only
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concept to give high performance

and low cost. Filmatic® by Paktron

basic materials...

...a new capacitor construction

...ﬁlylari"..
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Multi-range ammeter
covers 1to 100 amp

High-current, high-frequency true
rms current meter model 560-CT is
available. Using a miniature cur-
rent transformer the self-contained
multi-range meter can measure true
rms currents from 100 amp down
to 1 amp full scale with an accuracy
of 0.5 percent. At 100 amp the
frequency response is from 30 cps
to 25 ke. With a slight reduction in

accuracy the frequency response
is extended to 50 kec. Irregular
waveforms (without d-¢ compo-
nents) with crest factors up to 4
can be measured by the instrument.
Unit’s ranges are 1/2/5/10/20/50/
100 amperes. It incorporates the
Transquare solid-state transducer
to provide true square law re-
sponse. Unlike thermocouples they
have a high overload capability.
Price of the 560-CT is $725. Grei-
bach Instruments Corp., 315 North
Ave., New Rochelle, N.Y. [313]

Spectrum analyzer
uses plug-in modules

All-transistor portable spectrum
analyzer, Panoramic model TA-2,
with interchangeable plug-in mod-
ules is available with several mod-
ules covering sonic through r-f
bands. It may be operated from an
internal battery pack or a-c line.
It enables swept band visual analy-
ses to be obtained aboard vehicles
and in the field where less satisfac-
tory methods had to be used previ-

ously. Singer Metrics Division, The
Singer Co., 915 Pembroke St.,
Bridgeport, Conn. [314]

Instrument measures
magnetic moments

Vibrating sample magnetometer
measures permanent or induced
magnetic moments over an ex-
tended range of temperature, field
and crystallographic orientation.
The instrument vibrates a sample
in a relatively uniform magnetic

»

-
-
|

”‘fOi]"" £ .7.1eads... ._.impregnaht
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This unique combination provides a rugged self-case,
high lead strength, excellent moisture resistance, improved
life, high volumetric efficiency . . . all at a considerable
savings in cost.

ACTUAL SIZE

Filmatic®

Capacitors
with )
RIPPLEWELD (™

Available in three case sizes.

Range: .001 mfd. through .5 mfd. B

Voltage: 50-100-200-400-600 WVDC 5 PAKTRON

Tolerance: + 10% & + 20% 1 DIVISION ILLINOIS TOOL WORKS 1xc,
*DuPont 1321 LESLIE AVENUE +« ALEXANDRIA, VIRGINIA
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sync performance plus 83 gear ratios
for commercial and industrial projects

TYPE CFC
Motor: 1195,” dia. x 27%” long
weight 13.5 oz.

NEW A.C. MOTORS:
94 FEATURES: SURPRISE!

Put this new low cost precision industrial motor into your
project, get unprecedented torque, and eliminate bulky
older-style motors. Gain performance, longer life and
save space while you save money, too! Type CFC is a
rugged constant speed hysteresis synchronous capacitor
motor with MIL spec ancestry, 115 v.a.c., 2 or 4 pole,

60 cps with other frequencies wound on order, 1 or 3-phase.
Motors produce 1.25 oz. in. torque at 3600 rpm

sync speed, 2.0 oz. in. at 1800 rpm sync speed.

Life-lubed ball bearings, grease-lubed geartrain, high
starting torque, totally enclosed motor, and instant
reversing are standard. Induction rotors and a variety of
windings are available. Integral planetary geartrains provide
choice of 83 standard ratios, to 60 Ib. in. continuous torque.
Standard geared speeds range from 900 rpm down to

0.1 rpm. Quantity production makes this high quality

motor very competitively priced. This is a

designer’'s motor. Request Bulletin CFC.

Globe Industries, Inc., 1784 Stanley Ave.

Dayton, Ohio 45404. Area 513 222-3741.
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New Instruments

field. The moving sample produces
an a-c signal proportional to its
magnetic moment, which is de-
tected and analyzed by the associ-
ated electronic system. Unit can be
used with any conventional labora-
tory electromagnet or can be read-
ily adapted to superconducting
magnets, Differential sensitivity:
minimum detectable change in
magnetic moment of 5 X 10* to
5 X 105 emu corresponding to a
change in magnetic susceptibility
of 5 103 'to:5 > 10 cgs for a 1
gram sample at 10* gauss. Prince-
ton Applied Research Corp., Box
565, Princeton, N.].

Circle 315, Reader service card

Low-temp chamber for
component testing

A portable low-temperature cham-
ber for testing electronic compo-
nents and small parts is an-
nounced. The Templo-Trol cabinet
(24 in. long by 16 in. wide by 28 in.
high) is caster mounted and the
stainless steel chamber (10% by
20% in. by 6 in. deep) is designed
for use with convection fluid or it
can be operated as a still air cham-
ber. Temperature is indicated and
controlled from 70 F to —100 F
and the thermal capacity of 400
BTU/hr is sufficient to cool ap-
proximately 10 Ib of metal per hr
or dissipate a heat load equivalent
to 157 w. Cincinnati-Sub-Zero
Products, Inc., 3930 Reading Road,
Cincinnati 29, O. [316]
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Frequency standard
is solid-state unit

Type 1115-B standard-frequency
oscillator is designed to withstand
the shock and vibration of military
environments. The all-transistor
unit includes a built-in emergency
power pack which is automatically
switched in upon failure of the a-c
line. The nickel-cadmium battery
which is automatically maintained
during normal a-c operation will
power the unit for at least 24 hours
after takeover. The standard can
also be operated from any external
source of 22 to 34 v d-c. Frequency
base of the standard is a 5-Mc cry-
tal oscillator and age section, en-
closed in a proportionally-con-
trolled oven. Output frequencies
are 100 ke, 1Mc, and 5 Mec. Price
is $2,050. General Radio Co., West
Concord, Mass. [317]

Phase voltmeter
gives rapid readout

A programmable phase/voltmeter
for use with digital voltmeters is
designed for use in production and
automatic checkout applications,
where multipurpose response and
rapid readout are required. The
365-A measures fundamental sig-
nal levels, in-phase and quadrature
voltage components, to accuracies
of #0.15 percent, phase angle to
#+0.1 deg and can be stopped
manually, or automatically among
these parameters in any required
sequence. This capability provides
broad application flexibility in a
single organization, of measure-
ment instruments. Automatic rang-
ing in 10 scales from 0.01 to 300 v
is also a feature, with the indexed
scale being indicated by one of 10
panel lights. Output to digital in-
struments ranges to 3 v d-c in the
voltage measuring mode, and to 3.6
v d-c in the phase measuring mode.
Acton Laboratories, Inc., 533 Main
St., Acton, Mass. [318]
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THERE IS

JENNINGS VACUUM CAPACITOR
FOR EVERY HIGH POWER

-
A

RF APPLICATION

Jennings has been designing and build-
ing vacuum capacitors for 21 years. In
this time we have designed vacuum ca-
pacitors for hundreds of standard and
special applications. These designs are
now production items—over 450 types.
We can deliver from stock a vacuum ca-
pacitor to solve practically every special-
ized application.

But if a new design is necessary consider
these resources ready to work for you at
Jennings. * 21 years experience design-
ing and building vacuum capacitors.

* Exclusive processing techniques that
assure superior performance. ¢ Qualified,
experienced engineering staff. * The only
complete rf laboratory in existence for
proper testing of vacuum capacitors in
high power rf circuits through 100 kw
that duplicate actual operating conditions.

Jennings offers a complete line of vacu-
um capacitors for operating in the high
frequency range at voltages up to 120
kv and capacities up to 5000 pf. We will
be happy to send detailed catalog liter-
ature at your request.

4
-

ey
UXCF 500 MMHC 1000 CVHA 650
Capacity Range . 20-500 pf Capacity 1000 pf Capacity Range 30-650 pf
Voltage Rating . 20 kv pk Voltage Rating . 45 kv pk Voltage Rating 55 kv pk
RF Current Rating . 45 amps rms Current Rating . 150 amps rms Current Rating . 150 amps rms
Length 97% inches Length 13 inches Length 111'%; inches
Width 43% inches Width 9% inches Width 7 inches

RELIABILITY MEANS VACUUM/ VACUUM MEANS

Fennings

JENNINGS RADIO MFG. CORP., 970 McLAUGHLIN AVE., SAN JOSE 8, CALIF., PHONE CYpress 2-4025
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New Semiconductors

Photoconductive cells
have dual elements

Six new photoconductive cells—
the CL703/2,. T03L/2, ' T04/2,
704L./2, 705/2 and 705L/2 are an-
nounced. Each cell contains two

elements, each connected to one;
common and one separate lead,

forming a three-terminal device.
Position servo and slope shaping
circuits are two of the many areas
of application for these light-sensi-
tive resistors. Cells are available in
either cadmium selenide or cad-
mium sulfide in TO-5 hermetically
sealed metal cases. Light resist-
ances range from 1.5 K to 166 K.
The resistance of each half of the
cells may be matched to within 10
percent if required. Spectral re-
sponse ranges from 5500A to
7350A. Voltage rating is either 60
or 300 v and power dissipation, 75
to 125 mw. Clairex Corp., 8 W.
35th St., New York City.

Circle 319, Reader service card

Chopper transistors
have low offset voltage

Models 2N2944-5-6 (TO-46) pnp
silicon chopper transistors are de-
signed for low-level switches,
choppers and multiplexers. Fea-
tures include very low offset volt-
age, high emitter breakdown volt-
age, and ultra-low leakage current.
Pairs matched in offset voltage to
50 pv from —25 C to + 100 C are
available. Key parameters for the
2944, —5, and —6, respectively
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are: min BVgpo & BVgso—15, 25
and 40 v; min BV¢go—10, 20 and
35 v; max Igpo & Iggo—0.1, 0.2 and
0.5 nanoamp; max offset voltage—
0.3, 0.5 and 0.8 mv; unit price (1-
99)—$9, $8 and $8. Crystalonics,
Inc., 147 Sherman St., Cambridge
40, Mass. [320]

Epitaxial scr resists
high transients

A series of 35-amp epitaxial silicon
controlled rectifiers, rated at 535
amp rms, are capable of handling
non-repetitive current surges of up
to 700 amp. The devices are rated
for 600 to 1,300 v prv. Because of
controlled avalanche reverse char-
acteristics, the series assures built-
in protection against high transient
voltages encountered in a-c supply
or d-c output. Either single or dual
control leads, flexible or flag termi-
nals are available. International
Rectifier Corp., 233 Kansas St., El
Segundo, Calif. [321]

Power transistors offered
for industrial market

Low-cost silicon power transistors,
2N3232 through 2N3240, are de-
signed specifically for the indus-

Breadboard this
microwave circuit

Simple — with TRI-PLATE® strip trans-
mission line modules! Just assemble the
right modules together, apply power and
you're ready to test. Like this customer.

He sent us this power combiner circuit —
combining four signals for a single output
— with the request: Can you breadboard
this in TRI-PLATE modules? We rushed
the solution back to him, along with the
necessary modules. In a fraction of the
time a coax or waveguide solution would
have required, he was able to test and
evaluate applications in phased array
and microwave logic systems. Yet he was
spared the nuisance of cutting, fitting,
modifying parts...and all his TRI-PLATE
modules are re-usable indefinitely.

SEND FOR FREE SOLUTION. How would
you breadboard this circuit for testing?
For the fast, convenient, low-cost solu-
tion in TRI-PLATE modules — including
module layout and prices—write Sanders
Associates, Inc., Microwave Products
Dept., Nashua, New Hampshire.

O

CREATING NEW DIRECTIONS IN ELECTRONICS

SANDERS

TRI-PLATE STRIP TRANSMISSION LINE

®Reg. T.M. Extensive Patent Coverage, Sanders Associates, Inc.
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...you can gain crucial cubic inches using TRI-PLATE®
techniques. TRI-PLATE microwave packages weigh less
and use less space (propagation through solid dielectric
lets you work in shorter wavelengths). Better isolation
permits denser component grouping. And with com-
ponents integrated in a single assembly, interface prob-
lems exist only where the TRI-PLATE network ends.
Example: this L-band mixer delay line is only 9% " x
3%"x %", weighs 8 ounces — less than the mixer alone in
coax! Internal mounting of mixer diodes contributes to
compactness. So does transforming impedance from 50
to 100 ohms. And packaging the delay line more closely
than possible in any other microwave medium — yet with
no cross-talk. ©© TRI-PLATE techniques improve any
microwave system in most frequency ranges. At less ex-
pense — because photo-etching techniques reduce
quantity costs. And TRI-PLATE modules minimize de-
sign risks, enabling you to breadboard complete operat-
ing systems. To get your microwave design ideas off the
ground, write Sanders Associates, Inc., Microwave
Products Department, Nashua, New Hampshire.

®Reg T M., Extensive Patent Coverage, Sanders Associates, Inc

a space problem...

CREATING NEW DIRECTIONS IN ELECTRONICS SA NDERS TRI-PLATE STRIP TRANSMISSION LINE a
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Over the years, Acme Electric has designed and supplied
DC regulated power supplies in substantial quantities to
some of the largest electronic equipment builders.

A number of these Custom Designed units have specifica-
tions and performance features that make them uniquely
svited for standard industrial and laboratory use.

If you have an application in which one of these custom
designed power supplies would be acceptable, the proba-
bility is that you can save money and at the same time
obtain greater value represented by improved perform-
ance parameters.

e

PARTIAL LIST OF STANDARD POWER SUPPLIES
INPUT: 110-130 Volt, 50/60 cycles
LINE REGULATION: *1% for #13% line voltage change
LOAD REGULATION: 2% for load change between 50% and 100%

TYPE DC VOLTS DC AMPS PANEL SIZE
PS-41922 24 2 19 x 3%2 x 7
PS-41423 24 6 19 x 5Y4 x 9%
PS-47173 24 25 19 x 7 x 9%
PS-41424 48 4 19 x 5Y4 x 934
PS-47519 48 10 19 x 7 x 93
PS-41425 125 2 19 x 5V4 x 93
PS-41428 250 1 19 x 5Ya x 7%

RIPPLE: 1% RMS MAXIMUM
For full details covering component features, operating performance and
price, write for Bulletin 175.

I | L} SAA-3767-3075

Engineers and Builders of...

313 WATER STREET, CUBA, NEW YORK °
In Canada: Acme Electric Corp. Ltd.

50 Northline Rd., Toronto, Ont.

REGULATED POWER SUPPLIES '
STATIC POWER RECTIFIERS
VOLTAGE STABILIZERS '
VOLTAGE REGULATORS

118 CIRCLE 118 ON READER SERVICE CARD

New Semiconductors

trial market. Manufactured by the
all-diffused process, they allow
maximum junction temperature of
200C for high power and high tem-
perature operation. Power ca-
pabilities are from 117 to 200 w;
maximum current capabilities from
7.5 to 20 amperes and maximum
breakdown voltages from 60 to 160
v, and peak switch power ratings
of approximately 20 times the d-c
ratings. Silicon Transistor Corp.,
Carle Place, New York.

Circle 322, Reader service card

Germanium transistor
amplifies a-f signals

A low-cost germanium transistor
has been designed for audio-fre-
quency signal amplification. Type
SFT 325 germanium pnp transistor
has many applications, especially
in Class B output stages. The power
output is 1.5 w with heat sink and
is supplied in TO-1 case. Its Ccp
maximum is 32 v: Iy maximum is
500 ma. Average gain is 70 at 250
ma. Nucleonic Products Co., Inc.,
3133 E. 12th St, Los Angeles,
Calif. 90023. [323]

Silicon rectifiers
are flangeless

Miniature line of axial lead flange-
less silicon rectifiers include types
that exhibit currents to 1 amp and
voltages to 1,200 v, and low-leakage
units operating to 200 C. Construc-
tion and small size facilitate circuit
board and point-to-point wiring
needs in industrial and commercial
power supply applications. The
glass-to-metal hermetically sealed
package and ruggedness permit re-
liable operation even with extreme
humidity and other severe environ-
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mental conditions. Weight is one
gram, body length is 0.225 in. and
diameter, 0.230 in. Edal Industries,
Inc., East Haven 12, Conn. [324]

Phototransistor uses
glass window

Because of its excellent sensitivity
through a wide range of light levels,
the GS-600 two-terminal silicon
npn phototransistor is especially
useful in character recognition,
card reader and other pulse genera-
tion applications. It features a large
base area providing optimum sensi-
tivity from extremely low-level to
high-level light detection. To pro-
vide superior optical characteris-
tics, a glass window, rather than a
lens, is hermetically sealed into the
standard TO-18 header. General
Sensors, P.O. Box 231, Athens,
Texas. [325]

Silicon rectifier with
nanosecond recovery

High-reliability silicon rectifiers
have peak inverse voltage ratings
from 300 to 1,000 v. They feature
nanosecond recovery, controlled
avalanche reverse characteristics,
and maximum leakage current of
0.1 pa at rated piv at 25 C. Units
are 0.140 in. in diameter by 0.250
in. in length with 0.031 solid silver
leads. Solid internal construction
presents a low thermal impedance
to the leads allowing for ratings
above 1 amp when properly
mounted. Price is approximately
one penny per v of piv in thousand
lots. Semtech Corp., 652 Mitchell
Road, Newbury Park, Calif. [326]
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FITTINGS

o.in all
these
standard
sizes to | X
save you
time and | |
money o = .' T

TYPE S FITTING

TYPE L FITTING

TYPE C FITTING

WATER COILS—DIMENSIONS IN INCHES

Cat. No. Single Equiv. Aver. Number
Basic or Pipe Length of
Unit* Twin Size In Feet Turns

22957 1 Y 9 12 11
10723 % 18 29 10%
10190 1 > 22 1025
27016 % 5% 10% 12 11-30°
10719 1 12 1 22 28 10%
1) 15 1% 23% 32 9%-22°

| *Basic unit includes ceramic coil, base, spider, cemented clamping fittings and leakage current tap.
| Specify type of fitting, top and bottom (“‘L" “C" or *“S") and length of lead pipe required—36" is
standard. Lead pipe is standard—flexible metal hose can be furnished. Special length coils and fittings
are available—standard units only-are shown here.

Save with our standards. But if you
need specials, count on us for them too.
Either way, Lapp gives you service
and quality you can depend on.

WRITE for Bulletin 301-R.
Lapp Insulator Co., Inc.,
216 Sumner St., LeRoy, N. Y.
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New Subassemblies and Systems

Pulse laser features
500-Mw peak power

New pulse laser, which requires no
amplifier, has a guaranteed peak
power of at least 500 Mw, with a
pulse rise time of 3 to 6 nsec. De-
vice can be used to measure both

the orbital position and the trajec-
tory of space vehicles. Elimination
of the amplifier is made possible by
using a much larger ruby crystal
and flash lamp. The device operates
at room temperature, and can be
cooled with a small flow of tap wa-
ter. The 500-Mw laser has a typical
energy output of 4 joules but can
be converted to a conventional laser
oscillator with a typical 0.5-millisec
output of at least 50 joules. Beam
width is nominally 7 milliradians.
Repetition rate is once-per-minute.
Korad Corp., 2520 Colorado Ave.,
Santa Monica, 6, Calif.

Circle 327, Reader service card

Static inverters
operate from 125 v d-c

Static power inverters are available
with sinewave outputs of 60 cps

and 400 cps. Outputs of 100 and
250 v-a available in 60-cps models;
100, 250, 500 and 750 v-a in 400-cps
units. All units are built to strict
industrial standards for ambient
temperatures ranging from —20C
to +55C. All have output voltage
and frequency trimming controls,
fuse, on-off switch and pilot light.
Output voltage and frequency are
regulated against input voltage
swing. Model P-163 produces 100
v-a output at 60 cps and measures
14 in. long by 10 in. wide by 8 in.
high. Price is $535 each. Lin Re-
search Corp., 2412 Reedie Drive,
Wheaton, Md. [328]

Packaged blowers
cool circuit cards

New series of packaged centrifugal
blowers are designed to meet the
need for a compact high-velocity
blower using a minimum of panel
space with the air exhausted in a
vertical position to cool rows of

SLOPE

PERA-B PERA

! PERA
_ il XS

1his IS New

From PRD:
2-Channel,
2 mc Counter

120

Here is PRD'’s first of a new series of Solid
State Electronic Counters. The PRD 965
Electronic Counter is a solid state, 2 chan-
nel, 2 mec general purpose instrument. It
offers 6 digit resolution and stability of 3
parts in 10’/week. The PRD 965 is self-
checking, and can be operated manually
or remote-programmed. Applications in-

clude frequency, period, ten period aver-
age, time interval, calibration and ratio
measurements. Price is only $1,710.00.

Specifications in brief:'

Maximum counting rate . . Excess of 2 mc.
ISEDSITIVIEY: & o 55, e nivaiois i w0s w0 n 10 mv.
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solid-state component cards. They
produce 290 cfm of cool, filtered
air to pressurize the electronic rack.
For cooling circuit cards, the top
front vertical exhaust position
models 2EB350D or 2EB351D are
recommended. These bring the air
out directly under the cards which
are approximately 6 in. in depth.
For general chimney effect cooling,
models 2EB350A or 2EB351A are
recommended. Blowers are avail-
able in 3% in. or 5% in. panel
height. Price of the blowers is ap-
proximately $70. McLean Engi-
neering Laboratories, Box 228,
Princeton, N.J. [329]

D/A converter fits on
one standard module

Model 488 incorporates on one
standard module complete digital/
analog conversion circuits which
usually occupy two or more mod-
ules. It contains a highly regulated
reference voltage supply, precision
resistor ladder, and a stable oper-

ational amplifier. It accepts eight
binary input bits and produces an
analog output voltage at one of 256
discrete steps. Model 488D accepts
two decimal digits in binary-coded-
decimal form and provides an ana-
log voltage at one of 100 discrete
steps. Both models produce an
analog output voltage proportional
to the value of the input data. The
488 may be used wherever digital
data must control analog devices
such as oscilloscope displays and
plotting devices, driving pen re-
corders, and process control sen-

sors. Navigation Computer Corp.,
Valley Forge Industrial Park, Nor-
ristown, Pa. [330]

Magnetic core memory
offers versatility

General-purpose random access
storage system, the Ministore III,
operates at a cycle time of 10 psec
and a data access time of 4 pusec.
Applications include areas such as
input/output buffering, tape stor-
age, data communications, format
control, special purpose data sys-
tems, and as a smaller computer
working memory. Unit is available
with storage capacities from 64 to
1,024 words and with from 2 to 8
bits per word. Address locations

eSWmal B maN

rRONICS, INC.
'NIC COUNTER

SECONDS

53153 1 2 O Ay 6 digits in-line  Send for further data!
decimal indicators.
Input Impedance ......oves om0 1 meg
BEDOUIpUt . con o055 snsonis Optional.
Stability, long-term. . +3 parts in 107/ wk.
Functions ........... Frequency, period, ®
period x 10, ratio, time interval.
Operating Temp. . ..... —20°C to +55°C.
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A Subsidiary of Harris-Intertype Corporation

PRD Hlectronics, Inc.

202 Tillary Street, Brooklyn 1, New York _

OFFICES: Los Angeles and Redwood City, California - [Jokss-
Cherry Hill, New Jersey * Westbury, L.I., New York s
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MODULE POWER SUPPLIES

Plug-in high voltage and low voltage oscillo-
scope power supplies are provided in economical
compact packages. No. 90202 supplies 750
v.d.c. at 3 ma. to 1020 v.d.c. at 1.1 ma and 6.3
v.a.c. No. 90203 supplies plate and heater
power for four amplifiers.

" CIRCLE 201 ON READER SERVICE CARD

NEW! Weld on top of

p.c. boards...thin fiims...
and inside transistors with
the MINI-WELDER!

New Model 500 ““Mini-Welder’’ welds wire from
.0003” up to .030” or ribbon from .000125” up to
.020” on top of thin films (down to 1000 A), copper
p.c. boards, many kinds of depositions, laminates,
and etched circuits. Console is equipped with: Power
supply, parallel gap or “‘one-sided” weld head, XY
micropositioner, fine wire feeder, product holder,
B&L StereoZoom optics, Formica topped table and
actuating system. Welds many different materials.
For lab or production use. Write for details.

FREE WELD SAMPLE SERVICE!

Send sample materials to Weltek Sales Mgr.
Or see us at Booth 4514, I.E.E.E. Show.

Precision Welders

by WELLS ELECTRONICS, INC.
1701 S. Main Street, South Bend, Indiana, U.S.A.
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New! MINIATURE

AXIAL FANS

up to Wittih times
greater cooling efficiency!

FULLY GUARANTEED FOR 10,000 HRS. UNDER NORMAL OPERATING CONDITIONS

The PAMOTOR
Model 1000 Minia-
ture Fan is com-
pletely interchange-
able with conven-

PAMOTOR
Model 1000

Characteristic Conventional

induction (capacitor-

Type of Motor type squirrel cage)

shaded-pole

die cast warp-free

Housin lastic 2 < .
g Zymec ? tional units now in

Output @ 60 cps use (4% " center-to-

(0 back pressure) 125 c¢fm 100 c¢fm center mountin

(.25” back pressure) 75 cfm 20 cfm = g

(.3” back pressure) 50 cfm 0 holes). But the simi-

utput @ 50 cps larity ends there.

(0 back pressure) 100 cfm 75 cfm

(.25” back pressure) 62.5 cfm 5 cfm check this

Operating comparison chart!

Tia: Ranee —55°C to +85°C [~ 18°Cto +-44°C

Model 1000 meets MIL-T-5422E (Class 2), and MIL-STD-202 En-
vironmental specs. Inside-outside rotating motor design gives fly-
wheel effect, resulting in constant, quiet fan speed. Large surface
sleevelbearings mean minimum maintenance, maximum reliability.

For complete specifications
and name of nearest stock-
ing distributor, write to:

PAMOTOR, Inc.

312 Seventh Street ¢ San Francisco 3, Calif.
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New Subassemblies

are expressed in pure binary format
with 2 lines/bit input. Data are
stored and retrieved in parallel
form. All inputs and outputs oper-
ate at standard transistor logic lev-
els of 0 and —6 v. Power require-
ments include —15 to —30 v at 4
amp max and +15 to 430 v at 0.5
amp max. Operating temperature
of the memory is from 0 to 450 C.
Rese Engineering, Inc., A & Court-
land Sts., Philadelphia, Pa.

Circle 331, Reader service card

Digital input controls
drafting machine

All-solid-state VP 600 is basically a
continuous path automatic drafting
machine capable of producing a
high-quality graphic display de-
rived from digital information on
drafting film, paper, vellum, cloth,
Mylar, sensitized sheet metal or
comparator screen material to a
standard size of 50 by 60 in. Input
data in the form of punched paper
tape containing the incremental dis-
tance to be traversed between co-
ordinate points is entered into the
electronic control unit via the self-
contained tape reader. The operator
may select any two axes from three-
axis tape. Controls are provided for
producing right and left hand
drawings from a single tape. Draw-
ing speeds up to 200 in. per minute
are internally computed. Manual
speed reduction is available for
high precision applications. Com-
pany says the VP600 offers at a
selling price of less than $20,000
many features which have been
available only in systems selling at
many times this price. The Gerber
Scientific Instrument Co., P.O. Box
305, Hartford 1, Conn. [332]
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NOW...high accuracy
synchro/resolver testing

—GERTSCH STANDARDS AND BRIDGES REPLACE COSTLY ELECTRO-MECHANICAL METHODS

There is a Gertsch synchro or resolver instrument to meet virtually all
requirements. Whether testing simple components or complete systems, you
get accuracies up to 2 seconds-of-arc — accuracies maintained without
constant checking and recalibration. These versatile units employ the same
time-proven design techniques as Gertsch RatioTrans,® assuring high
input impedance, low output impedance, and very low phase shift.

Minimum operator error. Angles are selected with positive detent knob —
requires no critical. adjustments. Direct-reading digital display reduces
readout error.

Simplified circuitry — least susceptible to the effects of stray capacitance,
pickup, loading.

Fewer accessories needed, hence less error from associated equipment.

Over 100 synchro /resolver test instruments are available from Gertsch — syn-
chro standards, resolver standards, synchro bridges, resolver bridges. In
addition to conventional, manually-operated units, all standards and
bridges can be supplied as rotary solenoid, relay (programmable), and
decade (.001° resolution) instruments.

Gertsch dividing heads (both manual and automatic),
in combination with Gertsch phase angle voltmeters,
provide complete checkout capabilities for AC rota-
ting components.

Complete information on all Gertsch synchro/resolver
test instruments in catalog #11 — 40 pages of tech-
nical information, specifications, theory, application
data and engineering bulletins. A valuable reference
source for design and test engineers.

=leriseh =

GERTSCH PRODUCTS, INC.
3211 S. La Cienega Blvd., Los Angeles 16, Calif. + UPton 0-2761 « VErmont 9-2201

CIRCLE 123 ON READER SERVICE CARD 123



R

THE SERVO ANALYZER

7z T

“Che Mercury 'Model 1990
SERVOMATIC® ANALYZER

Servo's new sERVOMATIC® Analyzers
are the standards for comprehensive
servo system test and analysis. Also
available: Model 1990X with CRT
indicator and Model 1990R for rack
mounting. Other models available for
specific applications with dc-only
servo systems* Write for complete
specifications.

SELECTED SPECIFICATIONS FOR MODEL 1990
@ Frequency range: .005-1,000 cps, cont. var. in
5 ranges for all waveshapes
® Eleven available signal outputs:
0° and 90° sine wave and mod. sine wave:
0-40 v, p-p min.
Square wave and mod. square: 0-40 v, p-p min.
0° and 90° triangular wave and mod. triangu-
lar: 0-35 v, p-p min.
Synchronized sweep: 7 v min.
@ Synchronized pulse: 3 v pos; 9 v neg.
@ Carrier acceptance: 50-10,000 cps (ext); 1 watt,
26 v/115 v terminals provided
® Phase measurement: 0°-360° dial; 0° and 90°
reference points

@ PRICE (U.S.A.): $3,450.00

*Lower prices on models in this series.

AVAILABLE WAVEFORMS
(SEE SELECTED SPECIFICATIONS)

\/

RRRONR

I

NS N

Find out what the new SERVOMATIC
ANALYZERS can do in your own lab.
Call your local Servo representative
for a demonstration.

SERVO CORPORATION
g OF AMERICA

111 New South Road « Hicksville, L. 1., N.Y. » WElls 8-9700

Sales and service offices coast-to-coast

New Microwave

Power generator for
microwave testing

A new d-c filament controller, fer-
rite load isolators, and water cool-
ing are among features contribut-
ing to less than 0.1 percent f-m
output, 150-kc¢ bandwidth, 0.2-per-
cent frequency stability, 0.25-per-
cent power stability, noise more
than 40 db down, and vswr’s per-
missible up to 10:1 by the new 975
to 10,475-Mc microwave power
generator having up to 150-w c-w
and 750-w pulse output power.
Specially-designed r-f shielding
eliminates the danger of stray radi-
ation. Pulse width is variable from
1 to 10,000 psec. The prr is variable
from 10 to 10,000 pps. Pulse rise
time is less than 0.3 psec. Energy
Systems, Inc., 3180 Hanover St.,
Palo Alto, Calif.

Circle 333, Reader service card

L- & S-band sources
deliver high power

Microwave signal sources for L-
and S-bands are announced. Model
1205 L-band covers 0.95 to 2.40 Gc,
and model 1206 S Band covers
1.95 to 4.20 Ge. Both provide di-

124 CIRCLE 124 ON READER SERVICE CARD

rect-reading, digital, =0.5 percent
accurate frequency dials and wide-
range attenuation, for maximum
flexibility in application. Through
the use of advanced cavity-design
techniques and the Velocitron ce-
ramic klystrons, the sources de-
liver consistently high power out-
puts over their frequency ranges,
with a guaranteed minimum of 50
mw. Over most of the band power
output is in excess of 125 mw. This
feature implements the perform-
ance of many tests not previously
possible by direct signal excitation.
Among these are antenna directiv-
ity pattern measurements, wide-
range attenuation, and extreme
vswr measurements on L&S band
components. Polarad Electronic
Instruments, 34-02 Queens Blvd.,
Long Island City, N.Y. [334]

Twt amplifier has
broad bandwidth

Now available is the model T602
twt amplifier, with a nominal 1-w
output (0.8 w guaranteed) in the
frequency range of 10.0 to 20.0 Ge.
The new design has eliminated the
sharp drop-off (to as little as 0.25
w), formerly a characteristic of the
extremes (10.0 to 12.0 and 18.0 to
20.0 Gc) of the range. American
Electronic Laboratories, Inc., Rich-
ardson Road, Colmar, Pa. [335]

S-band transponder
aids space probes

Qualified to severe missile environ-
ment, the 201 S-band radar trans-
ponder also has application in
space probes and targets due to its
small size, light weight, and low
power consumption. Frequency
range is 2,700 to 2,950 Mc. Re-
ceiver sensitivity is —41 dbm (min-
imum); pulse width, 0.25 to 1.0
psec. Transmitter power is 100 w
(minimum); pulse width, 0.5 == 0.1
psec. Unit measures 65.70 cu. in.,
weighs 3.625 1b. Temperature
range is —20 to 70 C; vibration,
5 to 2,000 cps at 10 g, 3 minute
sweep; shock, 100 g all planes; ac-

Electronics | March 23, 1964



celeration, 80 g all planes. Vega
Precision Laboratories, Inc., Maple
Ave. W., Vienna, Va. 22180. [336]

High-power r-f loads
occupy small space .

A major accomplishment in size
reduction of high power r-f load re-
sistors is announced. The 25-kw
water-cooled model 8750 load held
by the operator occupies nearly
300 times less installation space
than the model 502, also rated at
25-kw continuous duty. At 13% Ib
it is 55 times lighter and operates
from d-c to 500 Mc with a vswr
of only 1.1 max. Connections are
3% in.-EIA flange for r-f and 34-
in. pipe fittings for 8 gpm of cool-
ing water. Bird Electronic Corp.,
Solon, O. [337]

X-band t-w tube
delivers 1 kw

X-band, helix twt with periodic
permanent magnet focusing has
been introduced. The QKW-1132
is a broadband tube for high-duty-
cycle pulse operation in the 7 to 11-
Ge range. The grid-controlled tube
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NOW...you can

increase production
up to 4 times with
the new improved

TW-300 Coil Taper

¢ developed for the application
of all types of pressure sensitive
tapes to stick-wound or bobbin coils
with rectangular or round cores.

e automatically cuts the tape from
the supply roll; applies 1 or 2 wraps;

The MODEL TW-300 can be equipped with optional
attachments to automatically interrupt wrapping cycle,
eject taped coil, and imprint information on the tape.
For illustrated specification folder write Leesona Corpo-

ration, Warwick, R.I.

and wipes the trailing edge into
place.

e operates efficiently at 60 Ibs.
air pressure, and completes taping
cycle at the rate of 3600 coils per
hour.

See us at the LE.E.E. Show Mavrch 23-26th, Booth 4325-4327
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Semi-elements. inc.

THE worLD's LARGEST
SUPPLIER OF SINGLE CRYSTALS

YOUR COMPLETE SOURCE

FOR
o Gas Laser Systems

e Laser Materials

e Laser Diodes
MKIA

Gas Laser System
Complete $995

Gas Laser System

Complete $895
LASER MATERIALS

CALCIUM TUNGSTATE
RUBY * SODIUM TERBIUM BORATE
NEODYMIUM DOPED GLASS
CALCIUM FLUORIDE DOPED
with URANIUM
MANY OTHERS

LASER DIODES

GALLIUM ARSENIDE
GALLIUM PHOSPHIDE
INDIUM PHOSPHIDE
ZINC OXIDE
ZINC SULPHIDE

SECOND HARMONIC CRYSTALS

AMMONIUM DIHYDROGEN PHOSPHATE
POTASSIUM DIHYDROGEN PHOSPHATE
QUARTZ SODIUM CHLORATE
TRIGLYCINE SULPHATE

ROCHELLE SALT

Write or Call for Literature
Wil

emi-elements. inc.

Saxonburg Boulevard, Saxonburg, Pa.
Phone: 412-352-1548

MKIC

o N

W
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regulated DC Power Supply

with only .0005V Ripple

... at less than *100.

ELECTRO
MODEL PS-3A

g o B
FALIRG FROBUSTE LABDRATDRIES.

0-25V 200 MA OUTPUT

GENERAL SPECIFICATIONS

Voltage oulput .. oi. sass 0-25VDC
Amperage output ......... 0-200MA
Load regulation .......... 0.02%
Line regulation .......... +0.02%
Maximum ripple ......... 0.5MV
Siz6. oVerMl (o 75 Feves 6% x5x6”
Net: weight ccceivecs cnien 3Ys lbs.
Price, wired ,......sceuss $99.50

For transistor circuit design, development and
experimental use requiring a stable, extremely
low ripple, well-regulated voltage source. This
new power supply is ideal for design, develop-
ment, testing, and equipment operation appli-
cations in industry and educational institutions.

Again, the PS-3A offers Electro’s rare combi-
nation of performance, quality, and reasonable
price...and a l-year guarantee!

Write for complete information and name of
your Electro distributor.

18 other models from 6 to 500 VDC starting at $27.50

ELECTRO PRODUCTS
<D

LABORATORIES
a5 Phone: 312/775-5220

6125-F Howard, Chicago (Niles), I1l. 60648
Canada: Atlas Radio Corp., Toronto

Since 1936—Pioneers in Low Voltage Power Supplies
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New Microwave

delivers a peak power of 1 kw at
a gain of 34 to 40 db. It can operate
at duty cycles up to 1 percent. Less
than 12 in. long and weighing less
than 5 Ib, the twt has cooling fins
built into its case for cooling by
convection, conduction, or forced
air. Raytheon Co., Wayside Ave.,
Burlington, Mass. 01804.

Circle 338, Reader service card

Fixed attenuators
cover 30 Mcto4 Gec

Fixed attenuators in values of 3 db,
6 db, 10 db, 15 db, or 20 db offer
operation over a frequency band of
30 Mc to 4 Ge. Accuracy of attenu-
ation is =02 db from nominal
value and #0.3 db variation with
frequency. Calibration data are fur-
nished with each unit. The attenu-
ators weigh only 3% oz and meas-
ure 3 in. by 1% in. by 134 in. with
1%-in. center-to-center between
connectors. Standard units are sup-
plied with type N male and female
connectors but other types includ-
ing subminiature are available.
Price is $55. LEL, Inc., 75 Akron
St., Copiague, N.Y. [339]

Solid-state sources
replace C-band klystrons

Two new solid-state frequency
sources, the MS80 and MS110, de-
signed as klystron replacements are
mechanically single-screw tunable
in the 4.4 to 4.9 and the 59 to
6.4-Gc range, respectively. Both
6-cu-in. devices are voltage tunable
over a l-percent bandwidth, re-
quire about 3 w of input power
(making them ideal for airborne
missile and satellite communica-
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rockets with 1/10,000th of a pound thrust?

Washington State is full of surprises!

Apollo payload is placed atop
a scale model of the Saturn V
booster preparatory to wind
tunnel tests.

DEVELOPMENT of the world’s smallest rocket for

| satellite control and a major contract on Saturn V,

the world’s most powerful rocket booster, are out-
standing examples of the research activities of two
Washington State firms.

Such startling contrasts are understandable in
view of Washington’s prominence in aerospace
development. But a multitude of other research
activities range from the peacetime potentials of
atomic energy to the broad scope of research at the
industrial and university levels.

Washington’s comfortable climate and stimulat-
ing life are partially responsible for attracting. ..
and holding . .. this vast complement of highly
trained scientific personnel. But research mostly

needs to be close to thought centers, both educational and industrial, where
a ready interchange of ideas is possible . . . where the research climate is as
good as the physical climate.

Washington State answers both those needs. Certainly it can answer yours

as well.

For an illustrated, fact-packed booklet on “The Surprising State, Washington” write on
your letterhead today to Washington State Department of Commerce and Economic De-

velopment — Iniustrial

Rob't. E. Rose, Director

THE
Surprising
STATE

ivision, General Admuinistration Building, Olympia, Washington.

Albert D. Rosellini, Governor

WASHINGTON
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Custom constructions to
meet your exact require-
ments. Any combination
of conductors, Plasti-
cote® insulations,
shields, jackets, color
coding, etc.

Send for brochure, today!

CHESTER
CABLE CORP,

CHESTER, NEW YORK

a subsidiary of
TENNESSEE CORPORATION

New Microwave

tions systems), weigh less than 10
oz, and are priced at $1,800 in
quantities of 1 to 5. The MS80 de-
velops 10 mw of output power
minimum, and the MS110 develops
5 mw minimum, with spurious
noise 60 db down, over their rated
frequency ranges. Fairchild Semi-
conductor, 545 Whisman Road,
Mountain View, Calif.

Circle 340, Reader service card

o

pspe

Paramp designed for
airborne use

A low-noise, solid-state X-band
parametric amplifier weighing only
24 oz including klystron, model
X-1003, is designed to increase the
range of navigational, airborne-
weather and detection radars.
Single-knob tunability is 300 Mc
within the range 8.5 Ge to 10.5 Ge.
Noise figure is 3.5 db, single chan-
nel, rising to 4.0 db in the range
9.7 Ge to 10.5 Ge. Minimum band-
width is 100 Mec. Unit measures
only 6.5 in. by 4.0 in. by 2.5 in. and
is designed to meet military speci-
fications. Micromega Corp., 4134
DelRey Ave., Venice, Calif. [341]

Coaxial devices in
varied sizes

A full line of 50 and 75-ohm sub-
miniature coaxial connectors, and
50-ohm microminiatures are being
offered. The company is also dis-
playing stripline connectors, coax-
ial adapters and special coaxial de-
vices. Micon Electronics Inc.,
Garden City, N.Y. [342]
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a bright new
name in space

COLLEGE HILL
INDUSTRIES, INC.

formerly
.

CORPORATION
INDUSTRIAL DIVISION

Manufacturers of...
Recorder - Reproducers
& Pressure Switches

CHI has taken over com-
pletely, the former
Speide!l Industrial Divi-
sion...plant, equipment,
personnel and products.
This means the same
people will continue to
make the famous Inertia
Compensated Recorder-
Reproducers and Pres-
sure Switches you have
known as Speidel.On this
foundation, we are build-
ing CHI, a new and grow-
ing company with new
products to be
announced soon.

So watch for this name
— College Hill Indus-
tries, Inc. — it will play a
star role in outer space
achievements.

WARWICK
INDUSTRIAL.
DRIVE,
WARWICK
RHODE
ISLAND
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New Production Equipment

‘Machine assembles
p-c card components

On the market is the Pert Mark 1
which cuts and forms the leads of a
wide variety of axial lead compo-
nents and automatically assembles
and attaches the components to p-c
cards. It is available as a semiauto-
matic machine or may be obtained
in more sophisticated versions to
include: numerical control, selec-
tive sequencing and orientation of
various components, multiple inser-
tion heads and other variations. It
meets all requirements of the high
reliability programs of the military
and aerospace. The semiautomatic
model can process 3,000 to 4,000
components per hr. Technical De-
vices Co., 11242 Playa Court, Cul-
ver City, Calif. [343]

Processing system trims
and tests components

Axial leads of resistors and diodes
can now be trimmed and formed,
and the components inspected for
correct values on a go-no go basis
at the rate of 4,200 per hr, with the
series 500 component processing
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system. Components that do not
meet required specifications are
dropped into a reject bin. Resistors
from 10 ohms to 1.111 megohms
can be processed by the model 501
Bend-Amatic, which trims and
forms the leads, and the model
QC501 automatic resistor tester,
which determines if the resistors
are within specified tolerance lim-
its. System accuracy is typically
+(.1 percent. Model QC502 auto-
matic diode tester makes four tests
—forward current, reverse current,
automatic polarity test, and a vali-
dation check of the internal test
power supply—within 60 millisec
after the Bend-Amatic trims and
forms the diode leads. Develop-
Amatic Engineering, 923 Industrial
Ave., Palo Alto, Calif. [344]

Screen printer aids
microcircuit work

Laboratory screen printer model
MA-12 is designed for imprinting
metal slurries or resist on the flat
surfaces of such substrates as
glass, mica, ceramics, phenolics,
laminants or plastics. Printing
speed is one impression every two
seconds. Unit measures 12 in. high
by 12 in. wide by 24 in. long. It is
valuable for R&D work as well as
for production line use—especially
where numerous short runs are in-
volved. Model MA-12 is said to be
excellent for the extremely precise,
close-tolerance work required for
miniature to micro circuits. It can
be equipped with automatic ejec-
tion fingers for dispensing printed
parts to a conveyor belt or other
carrier. Basic machine price of the
printer is $975. Automation Equip-
ment Division, Affiliated Manufac-
turers Inc., Whitehouse, N.]J. [345]

Accepted by industry as
the quality line of Co-
axial cables.

Conform to Military
Specifications including
MIL-C-17C—or your own
special requirements.
Send for complete Co-
axial Cable catalog.

CHESTER
CABLE CORP,

CHESTER, NEW YORK

a subsidiary of
TENNESSEE CORPORATION

eI LS HI3
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 JEVIN, PRECISION MICRO-
~ RADIUS TURNING MACHINE

A

RADII FROM 000~ UP TO
ONE INCH — CONCAVE OR CONVEX

Here is a machine designed specifically for

turning of accurate short radii in second
operation work. This is not a lathe attach-

. - ment, but rather a completely self-contained
For full information and

the‘name of your nearest - ZE v IN ~unit. It is available in 3{;”, 5", and 15"

~ authorized Levin repre- ol ® s : ;

. LOUIS LEVIN & SON, INC. collet capacities, with and without a pro-
' _ 3573 HoydenAve.  CulverCity, California  duction collet closer.
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to Fill in, cut out coupon below, insert in envelope and mail to:

Order EIECtronics reprint dept.

reprlnts 330 W. 42nd Street, New York, N.Y. 10036

REPRINT ORDER FORM

For Listing of Reprints Available See Reader Service Card

(To help expedite mailing of your reprints please send cash, check or money order with
your order.)

For Reprints of the latest Special Report; Modern Electronic Packaging
Send me Reprints of Key No. R-48 at 50¢ each.
For Reprints of previous Special Reports or Feature Articles fill in below:

Send me Reprints of page no.(s) .. . @ ) ¢ each. (For prices, see
Reader Service Card.)

*For orders of Bulk Reprints of other editorial articles in this issue or past issues:

Send me Reprints of page (no.(s) of issue date i of article
entitled 3 ) PR L e b

*Minimum bulk order 100 copies. You will be advised of cost by return mail.
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New Materials

Epoxy solder bonds
delicate devices

One-component epoxy silver cold
solder makes it possible to bond
the most delicate devices without
mess, heat or soldering irons. The
all-in-one conductive compound
comes already combined with the
hardener, requires no heat or tools
to apply and hardens at room tem-
perature in 24 hr. Shurbond 111
comes in a plastic hypo applicator
that permits the paste-like epoxy
solder to be applied directly to the
component being bonded, elimi-
nating virtually all waste and re-
ducing application time substan-
tially. It retails at $7.50 for 6 cc,
$14.50 for 12 cc, and $30 for 30 cc.
Typical applications include con-
nections made to heat sensitive di-
odes and transistors, electrical
shielding, repairing printed cir-
cuits and bonding electronic tube
caps to the glass tube. Anchor Al-
loys, Inc., 966 Meeker Ave., Brook-
lyn 22, N.Y.

Circle 346, Reader service card

Machineable material
withstands 1800 F

Machineable high temperature ma-
terial — Micaceram 1802 — shows
unusual dimensional stability prop-
erties, even after extended periods
in temperatures up to 1800 F. At
1600 F for 4 hr, less than a 0.0002
growth was measured. At 1800 F
for 4 hr, less than 0.0005 growth
was measured. Material does not
outgas. It has excellent dielectric
properties. Dissipation factor is
0.0036; dielectric constant, 6.3; loss
factor, 0.025; flexural strength, 8000
psi. Molecular Dielectrics, Inc., 101
Clifton Blvd., Clifton, N.J. [347]
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Accurate sensing
-260°to +1000°C.

REC’s immersion-type platinum resist-
ance temperature sensors provide fast,
accurate sensing of temperature in
almost any liquid or gas over a wide
range of environmental conditions. REC
makes hundreds of models, many
specially developed to meet specific
requirements. General characteristics
include:

Wide range: —260° to +1000° C.

Fast response: Time constants
as low as 0.1 second.

Stability: To within =0.05% of
temperature span to which
sensor has been exposed.

Interchangeability: All sensors of
a type to within =0.25° C. in
selected operating range.

Versatility: Choice of immersion
lengths and mountings.

Ruggedness: Withstand pressure
to 12,000 psig, vibration to 60G
(sine and high-level random)
or more. Corrosion-resistant
and radiation-resistant models
available.

Size: Down to 0.05" dia., 0.5"
length.

For further details write for Bul-
letin 9612 on immersion sensors.
This 52-page bulletin includes
fundamental engineering discus-
sion of platinum thermometry.

A complete precision line
Rosemount designs and
manufactures high quality
precision equipment in these
lines:

Air data sensors

Total temperature
Pitot-static tubes (de-iced)

Immersion temperature sensors
(including cryogenic)

Surface temperature sensors

Pressure sensors

Accessory equipment and
aeronautical research

For more information please

write for the REC catalog.

Specific questions welcomed.

ROSEMOUNT

ENGINEERING
COMPANY

4900 West 78th Street * Minneapolis 24, Minn.

SPECIALISTS IN TEMPERATURE & PRESSURE MEASUREMENT
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ENGRAVE
EVERYTHING
FROM
6 FT. PANELS

TO TINY
NAMEPLATES

with the tracer guided

Tracer-guided arm guides the worker—
makes everyone a skilled engraver.

Convenient — It’s right in the plant when
and where you need it.

Accurate— Positive depth of cut with
automatic depth regulator. 15 accurate
ratios.

speedy — Self-centering work holder cuts
set-up time in half.

Ask for complete, illustrated catalog EE-14
new hermes engraving machine corp.

154 WEST 14th ST., NEW YORK 11, N. Y. Chicago, Atlanta, Dallas, Los Angeles, Montreal

Get the “SMILE OF
SATISFACTION”

... that comes with a job
well done for you by

Dage Hermetically Sealed o

MULTI-PIN
CONNECTORS
and HEADERS

meet or exceed all applicable MIL specs.
Shell sizes and finishes for most needs;
custom engineering and finishes available.

WRITE FOR NEW CATALOG T-503

o FIRST in Ideas ¢ FIRST in Quality ¢ First in Service
s Sce us at Booth 2227, IEEE SHOW

BAGE ELECTRIC COMPANY, INC.

ssssssssss FRANKLIN, INDIANA - PHONE 317/736-6136
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New Literature

Snap-action switches Cherry Electrical
Products Corp., 1650 OIld Deerfield
Road, Highland Park, Ill. “‘Successfully
Specifying Snap-Action Switches’ is the
title of a pamphlet now being offered.
Circle 487, Reader service card

Soldering irons and tips Alpha Metals,
Inc., 56 Water St., Jersey City, N. J. A
technical article on considerations in-
volved in the selection of the right sol-
dering iron and tip is available. [488]

Compact fan Rotron Mfg. Co., Inc.,
Woodstock, N.Y., has released bulletin
E-2901 which describes in detail its
220-cfm Propimax 3 fan. [489]

Semiconductor test equipment Texas
Instruments Inc., P.O. Box 66027,
Houston, Texas 77006. A complete line
of semiconductor test equipment is de-
scribed in bulletin A-706. [490]

Shock and vibration control Barry Con-
trols, 700 Pleasant St., Watertown 72,
Mass., has published a product digest
containing highlights on its products
and services for controlling shock and
vibration in military and industrial ap-
plications. [491]

Medium power load Microwave Devel-
opment Laboratories, Inc., 87 Crescent
Road, Needham Heights 94, Mass., of-
fers a bulletin on the WR90 medium
power load that features broadband
coverage and very low vswr. [492]

Microminiature  capacitors Aerovox
Corp., New Bedford, Mass. Technical
data on type P95ZN microminiature
dipped metallized paper capacitors is
available in bulletin 131B9. [493]

Electronic timers Leach Corp., 1123
Wilshire Blvd., Los Angeles 17, Calif.
Brochure TDS-264 contains information
on a line of electronic timing devices
for many applications in aerospace and
electronic industries. [494]

Nuclear equipment Hamner Electron-
ics Co., Inc., P.O. Box 531, Princeton,
N.J. The 1964 line of nuclear scalers,
timers and count ratemeters is intro-
duced in a new brochure. [495]

Variable resistors CTS of Berne, Inc.,
Berne, Ind., offers data sheet 8400 on
series 660, a cermet 34-in. diameter
transistor size variable resistor. [496]

Time delay proximity switches Micro
Switch, Freeport, Ill. Four-page data
sheet describes a new series of all-
metals-sensitive time delay proximity
switches. [497]

Operational selective amplifiers White
Instrument Laboratories, Box 9006, Al-
landale Sta., Austin 17, Texas. Bulletin
describes two high-gain operational
vacuum-tube amplifiers designed to use
RC feedback networks to obtain pre-
scribed frequency response at audio
and subaudio frequencies. [498]

Fixed station antennas Andrew Corp.,
P.O. Box 807, Chicago, Ill. 60642. The
1964 fixed station catalog features
several new antennas in the frequencies
used for mobile communications. [499]
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To new members of the

ELECTRONICS and CONTROL ENGINEERS' Book Club

FOR & /QO

Special Introductory Offer

ANy ON

YOURS WITH A CHARTER MEMBERSHIP
AND SENT WITH YOUR FIRST SELECTION

E onw

VALUES FROM $7.00 TO $23.50

B

| pesigner™’
ndbook

Publisher’s
Price, $17.50
Club Price,
$14.95
Electronic Designers’ Handbook,
Edited by R. W. Landee, D. C

Davis, and A. P. Albrecht. Pre-
:*ms detailed, practical design
ata.

Price, $7.00
Club Price,
$5.95
Mathematies for Electronics with
Applications by H. M. Nodelman

and F. W. Smith, Jr. Methods
for solving practical problems.

NG,
ELECTRONIC SWITCH!
TIMING, AND
PULSE CIRCUITS

Publisher’s Publisher’s
Price, $8.50 Price, $14.50

Club Price, Club Price,

$7.25 $12.35

Electronic Switching, Timing, and Digital Computer and Control
Pulse Circuits by J. M. Pettit. Engineeri by I. 8. Ledley.

design
tech-

» from basic
programming

Provides a practical understand-
ing of complex circuits

Publisher’s
Price, $23.50
Club Price,
$19.95
Control Engineers’ Handbook by
J. C. Truxal, A wealth of prac-
tical help on automatic feedback

control systems.

Publisher’s
Price, $10.00
Price,
$8.50
Magnetic Recording  Techniques

W. E. Stewart, Full descrip-
tion of magnetic recording meth-
ods and devices.

6 Sy

AVE GENERATION

and SHAPING

Publisher’s
Price, $12.50
Club Price,
$10.65
wave Generation and Shaping
by L. Srtrauss. Essential features
and techniques of practical wave-
generating and -shaping circuits.

Publisher’s
Price, $15.00
Club Price,
$12.75
Transistor Circuit Design,
pared by the Engineering Staff

of Texas Instruments Inc. Re-
duces theory to actual practice.

pre-

Publisher’s
Price, $14.00
Club Price,
§11.90
Pulse and Digital Circuits, by J.
Millman and H. Taub. Fully
explains pulse and digital circuit
operation for electronic systems

design

Publisher’s
Price, $12.50
Club Price,
$10.65
Information Transmission, Modu-
lation, and Noise by M. Schwartz.

A unified approach to communi-
cation systems,

How many of the books shown here do you wish you had immediately at hand?

Select one for JUST A DOLLAR!

Choose

large number of books in your field offered

Send no money now. Just check any two

from Electronic Designers’ Handbook, Mag-
netic Recording Techniques, Wave Genera-
tion and Shaping, and seven other valuable
books . . . your introduction to membership
in The Electronic and Control Engineers’
Book Club.

If you're missing out on important tech-
nical literature—if today's high cost of read-
ing curbs the growth of your library—here’s
the solution to your problem. The Electronic
and COontrol FEngineers’ Book Club was
organized for you, to provide an economical
technical reading program that cannot fail
to be of value to you.

All books are chosen by qualified editors
and consultants. Their thoroughgoing un-
derstanding of the standards and values of
the literature in your field guarantees the
authoritativeness of the selections.

How the Club operates. Periodically you re-
ceive free of charge The Electronic and Con-
trol Enginecers’ Book Bulletin (issued eight
times a year). This gives complete advance
notice of the next main selection, as well as
a number of alternate selections If you want
the main selection you do nothing ; the book
will be mailed to you. If you want an alter-
nate selection . . . or if you want no book
at all for that particular period . , . notify
the Club by returning the convenient card
enclosed with each Bulletin.

We ask you to agree only to the purchase
of three books in a year. Certainly out of the
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in any twelve months there will be at least
three you would buy anyway. By Jjoining
the Club you save yourself the bother of
searching and shopping, and save in cost
about 15 per cent from publishers’ prices.

books you want—one for only $1.00 and one
as your first Club selection—in the coupon
below. Take advantage of this offer mow,
and get two books for less than the regular
price of one.

THIS COUPON IS WORTH UP TO

The Electronic and Control Engineers’ Book Club Dept. L-3-23
330 West 42nd Street, New York, N. Y. 10036

Please enroll me as a member of the Electronic and Control Engineers’
Book Club. I am to receive the two books I have indicated at the right.
You will bill me for my first selection at the special club price and $1
for my new membership book, plus local tax, and a few additional cents
for delivery costs. (The Club assumes this charge on prepaid orders.)
Forthcoming selections will be described to me in advance and I may
decline any book. I need take only 3 selections or alternates in 12
months of membership. (This offer good in U.8. only.)

1
|
|
|
I
|
|
: PLEASE PRINT
|
|
|
|
|
|
|

Company
If not completely satisfied, you
NO RISK GUARANTEE may return your first shipment

bership will be ¢ 1

within 10 days and your

Check 2 Books: We will send
the higher priced book for only

.00, and the other as your
Club Selection:

O Electronic Designers’ Handbook,
$14.95

[ Electronic Switching, Timing, and
7.25

Pulse Cireuits,

[ Digital Computer and Control Engi-
neering, 35

] Wave Generation and Shaping,
$10.65

[J Pulse and Digltal Circuits, $11.90

[ Mathematics for Electronies with
Applications, $5.95

[J Magnetic Recording Technlques, $8.50
O Control Engineers’ Handbook, $§19.95
[ Transistor Circuit Design, $12.75

1 Information Transmission, Modula-
tion, and Noise, $10.65 L-3-23




Packed with more important
data than ever before...
the 1964-65 issue of
Electronics Buyers’ Guide.
Four great major sections:
Product Listings; Product
Advertising; Index of
Electronics Manufacturers;
Government, Other
Agencies and Technical
Services.

USED

Week in, week out, EBG is
the industry’s standard
catalog-directory...a
necessary working tool for
the men who buy and the
men who sell components,
equipment, systems,
materials and services.

Electronics Buyers’ Guide
A McGraw-Hill Publication
330 West 42nd Street,

New York, N.Y. 10036

New from Heath!

TREMENDOUS SAVINGS IN A
COMPLETELY SELF-CONTAINED
OPERATIONAL AMPLIFIER SYS-
TEM ... IDEAL FOR RESEARCH
AND TEACHING APPLICATIONS!

A PRECISION
INSTRUMENT
FOR A WIDE
RANGE OF
SCIENTIFIC
MEASUREMENTS

Operates as a constant current source, controlled
potential source, linear sweep generator, or servo-
system simulator. Addition, subtraction, integra-
tion, and differentiation can be programmed for
measurement, computation and control work. Sys-
tem includes four rapid high-gain operational
amplifiers, a high-current booster amplifier, and
regulated power supplies. 5-pin amplifier terminals
accept standard 5-pin sockets wired as plug-in
adapters, spring-clip connectors supplied, or op-
tional plug-in blank adapter chassis. An outstand-
ing value in lab facilities! Write for full details on
the entire Malmstadt-Enke Lab series!
Assembled EUW-19A . . .181bs....

HEATH COMPANY 4
Benton Harbor , Michigan 49023 :
[0 Please send free folder on Lab Series Equipment. [l
)
]
/|
]
)
'
|
|

Name.

(please print)
Address.

1
|
| O Please send Free Heathkit catalog.
1
1
|
|
|
|
|
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New Books

Around the computer

Electronics in Business Machines,
By Tom Jaski, A. S. Barnes & Co., Inc.,
New York 309 p, $5.95.

What’s new about this book is the
amount of space devoted to pe-
ripheral equipment such as card
punches and their circuits, verifiers,
sorters and data transmission sys-
tems.

Machine logic and computing
circuits, storage and input-output
are treated in the computer chap-
ters, though much of the material
has been published before. The em-
phasis is on IBM equipment.

This book gives a well-rounded
view of electronic data-processing,
rather than just of computers.

—S.B. Gray

Basics on semiconductors

Semiconductor Fundamentals,

By A.H. Seidman and S.L. Marshall,
John Wiley and Sons, Inc, N.Y.

278 p, $6.50.

This text for students and tech-
nicians requires a knowledge of
only elementary physics and elec-
tronics, and is also useful to the
engineer seeking information on
the subject.

The book discusses such subjects
as the construction, technology and
measurements of diodes and tran-
sistors, equivalent circuits, biasing
and stabilizing of transistors, tran-
sistor circuits for digital computers,
and tunnel diodes. Problems and
examples are provided in each
chapter.

The scope of physics

Encyclopaedic Dictionary of Physics,

J. Thewlis, Editor in Chief, The
Macmillan Company, New York, 8 vols.,
total of 5,491 p, plus glossary,

$298 the set.

The first large physics dictionary to
be published in many years, this
set of eight volumes deals with
physics in its widest sense—gen-
eral, nuclear, solid-state, molecular,
chemical, metal and vacuum phys-
ics, astronomy, biophysics and the
like.

The individual subjects are
treated by authorities of interna-
tional reputation. The articles,
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ranging up to 2,000 words in length,
are well written and illustrated. En-
tries, enhanced by formulas, tables,
figures, bibliographies and cross-
indexing, are definitive technical
references rather than semipopu-
lar explanations.

As electronics branches out and
overlaps heretofore obscure areas
of physical science, the engineer is
increasingly in need of a compre-
hensive physics book to help orient
him in a new discipline. The scope
of this dictionary and its clear,
practical organization leads the
searcher directly to the desired in-
formation.

Although immensely useful for
an engineer or scientist, these vol-
umes are not recommended for a
reader who lacks a scientific back-
ground.

—G. V. Novotny

Working in vacuum

High Vacuum Engineering, By Alfred E.
Barrington, Prentice-Hall, Inc.,
Englewood Cliffs, N.J., 198 p, $12.

In the past several decades, vac-
uum technology in electronic re-
search, development and produc-
tion has advanced at a rapid rate,
stimulated initially by the war ef-
fort and then by the greater im-
petus of space endeavors.

Extensive theory, research, ex-
perimental and practical work have
been applied in this new field. A
large number of texts have ap-
peared, but the majority are highly
technical and mathematically com-
plex. Thus, many who find them-
selves in the field and who lack
specialized training in high vacuum
will welcome Alfred Barrington’s
new book.

In “High Vacuum Engineering,”
Barrington sets the stage by bring-
ing together adequate data, theory
and background to provide the
reader with a basic understanding
of the subject. He then proceeds
to explain in a clear, concise man-
ner the theory and function of the
building blocks of high-vacuum
systems. The stress is on commer-
cially available components.

The outstanding features of the
book are its authoritative treatment
and presentation of the theory of
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commercial sputter-ion and sorp-
tion pumps and high-vacuum sys-
tem design, coupled with their
practical application. For the first
time these topics are offered in
reasonable detail, without the usual
preponderance of mathematical
formulas.

Certainly this book has been
written for all those working in the
high-vacuum field. It is a valuable,
easily comprehensible tool. By its
very nature the text is suitable for
basic instruction, and as such
should find extensive use in college
courses.

—John H. Leary,
Vacuum Equipment Division
Hull Corporation, Hatboro, Pa.

For the social sciences

The Design of Electric Circuits in the
Behavioral Sciences. By Tom N.
Cornsweet, John Wiley & Sons, Inc.,
New York, 329 p. $8.95.

This book will be warmly wel-
comed by those in psychology and
allied sciences who have a mini-
mum background in electricity. The
author starts with basic electricity
and components, then goes into
switching, shock and time-delay
circuits, amplifiers, sensors, and
feedback and null-sensing devices.

Highly informative and written
in conversational style, the book
has excellent illustrations, includes
problems for the circuit-design
chapters and gives practical direc-
tions for assembling a kit of parts
to be used in constructing electrical
circuits.

Handy background

Logic, Computing Machines, And
Automation, By Alice Mary Hilton,
Spartan Books, Baltimore, Md., 457
p. $9.

This book covers much basic back-
ground, including such areas as
symbolic logic, classes (sets), logic
algebra, logic circuits and program-
ing. The book describes the rela-
tionships between machematic and
logic, and how they lead to apply-
ing logical principles.

The material is not new, but it
has seldom if ever before been put
together in such a handy reference
volume. Even Bertrand Russell
considers that “her work is very

thorough.”
—S. B. Gray
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Technical Abstracts

Optical avalanche diode

Photodiode Signal Enhancement Effect
at Avalanche Breakdown Voltage,*
K.M. Johnson, Texas Instruments, Inc.

A measurable improvement in sig-
nal gain, believed to be similar to
the gain effect in a multiplier pho-
totube, has been observed in both
planar and mesa silicon photodi-
odes when they are reverse-biased
to avalanche breakdown. If this
similarity is verified, there are pos-
sibilities of a device better than 20
db more sensitive than others now
available. Benefits are possible in
optical communications and com-
puting systems.

In the experiment described, a
5-db improvement in signal-to-
noise ratio was measured at 1.25
Ge. This is believed to be due to
avalanche multiplication of the sig-
nal; that is, photons create electron-
hole pairs that collide with the lat-
tice to create more pairs, and so on.
The device used was a TI LS900
planar diode, epitaxially grown
with an 0.1-mil depleted p layer,
an 0.8-mil intrinsic layer and a 7-
mil n-type wafer. The avalanche
breakdown was —180 v.

Theoretical considerations show
that the actual improvement in
signal-to-noise ratio should have
been closer to 13 db. It is believed
that performance can be improved
significantly, regardless of fre-
quency, by cooling the photodiode
to very low temperature.

Plasma-pumped laser

Laser Pump Employing the Plasma
Pinch,* R.H. Crompton, J.A. Hitt
and R.A. Williams, Philco Corp.

A laser pump has been developed
that employs the so-called theta
pinch effect in a plasma. Plasma is
ionized gas with a net charge of
zero. The new pump has several
advantages over the conventional
flash-tube method of laser pump-
ing.

The laser rod, for example ruby,
is placed inside a coaxial flash tube
filled with an inert gas such as
xenon. The tube has no electrode.
A one-turn coil surrounds the tube
and is connected, through a trigger-
able spark gap, to an energy-stor-
age capacitor. When the capacitor
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is discharged rapidly, the gas sur-
rounding the laser rod is ionized
and becomes highly electrically
conductive. The resulting plasma
acts, in effect, as a secondary wind-
ing to the discharge coil. A current
is induced in the gas, which pro-
duces a magnetic field that exerts
an inwardly directed force on the
plasma. This force tends to “pinch”
the plasma away from the wall of
the tube, thus reducing heat trans-
fer to the wall.

The high peak powers and repe-
tition rates possible with this tech-
nique are important in laser re-
search. The over-all efficiency of
system-pumping is increased be-
cause the light output of the pump
can be adjusted, by the proper
choice of gas mixture, so that its
spectral emission matches the ab-
sorption bands of the laser crystal.

Initial experiments with inert
gases have demonstrated efficiency
greater than that possible with con-
ventional electrode-discharge flash
tubes. Also, the pumping rate for a
given energy input is about 1,000
times faster than that available in
the best flash tubes. Laser pulse
durations of 0.25 usec have been
achieved, with rise times of 25 nsec.

Thin-film filter
Precision Tuning of a Thin-Film Notch

Filter,* W.H. Orr, Bell Telephone
Laboratories.

One advantage of using thin films
in filter design is that they allow
L-C filters to be replaced with
high-performance active R-C fil-
ters. This paper describes a tanta-
lum-film R-C network that com-
pares favorably with a network of
conventional components in tuning
precision, temperature coefficient
and long-term stability. Specifi-
cally, thin-film notch filters with
-80 db notches at 2182.5 cps and
temperature coefficients of the
notch frequency of 25 parts per
million per degree centigrade have
been built with frequency charac-
teristics within #0.02 percent of
the desired values.

The notch filter is a twin-T net-
work that almost totally rejects a
particular frequency when properly
tuned. The circuit consists of re-

It's quick and easy tolocate any
of the thousands of electronic
and allied products in your
Electronics Buyers' Guide. All
are listed clearly and unmis-
takably, cross-indexed with end
use terms, synonyms and
newly devised terms. And, all
advertisers in the EBG are care-
fully cross-referenced to their
catalog-advertisement. Top this
off with 6,000 trade names in-
dexed alphabetically, and you
have the most complete, accu-
rate and authentic product list.
ings in the industry!

Electronics Buyers’ Guide
A McGraw-Hill Publication
330 West 42nd Street,

New York, N.Y. 10036
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sistors, capacitors and interconnec-
tions that are formed by photoetch-
ing a tantalum film that has been
sputtered onto a glass substrate.
The film is anodized to produce the
capacitor dielectrics and to adjust
the resistance values. Evaporated
gold is then used to form the ca-
pacitor counterelectrodes.

Without special adjustment pro-
cedures the component values, and
hence the tuning of thin-film cir-
cuits, can be controlled only to
within a few percent — — not accept-
able for many applications. Tuning
of this thin-film filter is achieved
through a sequence of measure-
ments and precise adjustments of
the resistance values by anodizing.
Once the filter is operating, the tun-
ing is fixed permanently.

The unique tuning method is
based on a detailed analysis of the
filter’s frequency response to de-
termine resistance values. This
procedure compensates for stray
capacitance and resistance, and
also makes it possible to control
the depth of the notch and the
phase shift at the notch frequency.

While the techniques for making
these precise resistor adjustments
have been mastered, the stability of
the capacitors is not sufficient to
maintain the frequency response
precisely over a period of time. Im-
provement in capacitor stability is,
therefore, the major factor requir-
ing further development.

Hall-effect radar displays

A New Technique for Polar Displays
Using Hall-Effect Multipliers,* F. H.
Smerage, Sylvania Electric Products.

Hall-effect multipliers can both
simplify construction and increase
the efficiency of polar displays for
such applications as sonar and
direction-finding systems, and plan-
position indicators for radar sys-
tems.

Hall effect is the development of
a voltage between the two edges
of a current-carrying metal strip
whose faces are penpendicular to
a magnetic field.

A Hall-effect multiplier consists
of a Hall generator placed in the
air gap of a fixed magnetic circuit.
Its output voltage is proportional
to the scalar product of two input
currents. A polar display—one
that shows objects and radio sig-
nals as fluorescent images on a
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cathode-ray tube—is built by im- NEW !

plementing the multiplications re-

quired for transforming polar to HIGH

rectangular coordinates.

Thesﬁ ZHI:\]SCOCig, ge :cofr{n;lntead by s E N s ITIV I TY

feeding electrical signals represent-
ing R and sin ¢ to one Hall multi-
plier, and R and cos @ to another.
The output signals are then fed
to a cathode-ray tube employing
X and Y deflection. For a direc-
tion-finding system, the radial sig-
nal R is proportional to the strength

of a received signal at azimuthal GENERAL
angle 0. The radial signal for a
i E PURPOSE

radar plan-position indicator is the

radial sweep at angle 6. Since the

linearity of some Hall multipliers 247A
is better than one percent, it is
possible to obtain radial accuracy

The type 247-A oscilloscope fully qualifies as a universal instrument because its performances and the size (13 cm (5") dia)of its

e ig- :
better thfln +2 percent of the dis C.R. Tube authorize accurate measurements and tests in all fields of low-frequency instrumentation. Also, because of its simplicity
p]ay radius and angular accuracy of operation, the 247-A is ideally suited for practical laboratory work of an educational nature.
+
better than +2.5 degrees. [FECHNICAL SPECIFICATIONS] Sensitvty - 1 V/em or 10 Vrem (switch-selected)
* All these papers were presented at Inter- Vertical amplifier Vernier: 0 to 1

Constant input impedance : 1 M Q and 47 pF

national Solid-State Circuits Conference,

Philadelphia, February, 1964. A digest of 1 channel ; Frequency range : DC to | Mc/s (=3 dB)

technical papers is available at $5 a copy Sensitivity : 50 mV/cm Cathode-ray Tube

from Solid-State Circuits Conference, c/o H.G. 1 i ; 5 ADP ’

ke Moore Scheet of EIecHical R ainser AC: 10 /s SEI’HBWZI/VE or 50 /s square-wave to 100 Ke/s (-3 dB) SmDen ?lgfcerg’Jé\éé!Eﬂé aIVDE

ing, University of Pennsylvania, Philadelphia Sensitivity : 5 mV/cm 3 n%a ‘I

4 Pa Calibrated attenuator : step-adjustable from 5 mV to 20 V/cm ;‘:I‘Sﬂ.lslcmc(;:f;r:ox)
in 12 positions Y. 20 Viem (approx)

< o A Sequence: 1-2 -5 —10 etc...
Satellite prediction displa '
P play Aot ittt i Direct drive of H and V plates

SPAD—A Satellite Position Prediction Constant input impedance : 1M ¢ 47 pF Acceleration vohtage : 3 Kv
Display, Harvey G. Talmadge, Jr., and Sweep [MECHANICAL FEATURES)]
Robert J. Orsino, U. S. Naval Light-alloy chassis, readily-detachable panel for easy access

Free-running — triggered - single sweep

Bessarch Lab. Washinglon &5, 1. k. Duration: 1s/cm to 0.5 ws/cm in 20 calibrated positions -

An experimental Satellite Position Vesr”'e'=1.;.3’a“°' ; 1) Tube complement ]

Prediction and Display equipment :wegagglz;iilrigﬂnma; sllncgm t0 0.1 ws/em A s g

(SPAD) is being developed by the | ¢ 2) Power supply

Naval Research Laboratory. For sync. . , 105115 -127 - 220 - 240 V - 50 or 60 c/s
0 3 ¢ positions : single-sweep, HF, LF, TV-line, TV-frame . "

shipboard use, the equipment will Polarity: + or — internal or external 3) Dimensions

predict and display the position selection of triggering level Width: 20,5 cm - ( 8%)

and height of classes of satellites Hosizontal Amplifier a;f“:[ 33%'5 Cﬁ'{"ﬂ’_((:gg

at an arbitrary time. The operator Frequency range : 0 to 500 Kc/s (=3 dB) qught; 14 kg - (30 Ibs)

will be able to select satellites,
either individually or according to

OTHER INSTRUMENTS

category, and view the predicted Oscilloscopes . 428 A - HF constant amplitude signal generator
ositions against a ma back- 204 A — High speed and fast rise oscilloscope (100 Kc/s—30Mcfs)
p 1 gh h 1 'ph - 241 A — 242 A - 243 A, Multifunction osc, with 458 — Pulse generator (5 cfs - 50 Kels).
ground, toget .er }mt 1elg t, vec- plugin préamplifiers.
tor and orbit information and 255 B — Portable oscilloscope TV pattern generators
surveillance circles. Additional in- 245 A - High performance portable oscilloscope 465 C — Portable electronic pattern generator
246 A — High sensitivity low-frequency oscilloscope 464 A - Test — pattern generator

formation on a single satellite will

A 2 248 A - Maintenance oscilloscope.
be viewed on a separate display.

Regulated power supplies

. Sweep frequency Generators
SPAD operates with the AN/ 411 A'il bq 3 i 117 A - Transistorised requlated power supply 5
UYK-1 stored-logic digital com- e i i 114 A — Regulated power suppl =
g g : 410 B — TV - FM sweep frequency generator 9 P PRl <
puter. The computer memory is up- 476 A - Radio sweep frequency generator Cameras &
5 ¢ i . [
datt'd weekly with new ‘V‘alues of Signal Generators 1000 A — oscilloscope camera with Polaroid g
orbital elements. The positions and 405 A — Low frequency RC signal gen. (30 c/s—300 Kc/s) 1001 B - oscilloscope recorder g

heights of as many as 10 satellites
can be computed in 1.4 seconds

ettt Nl RIBET-DESJARDINS
world map.

MEASURE & CONTROL DEPARTMENT, 13-17, rue Périer MONTROUGE/PARIS TEL : ALESIA 24-40

(Presented during week of Feb. 24-28 at the
third national symposium of the Society for CANADIAN BRANCH : RIBET-DESJARDINS (CANADA) Room 114, 5757 Decelles Avenue - MONTREAL.

Information Display in San Diego, Calif.)
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Total Responsibility...
Total Capability

The urgently important mission of developing, acquiring and
supporting all aerospace systems for the Air Force calls for tal-
ents of the highest order. The Joint Professional Placement Of-
fice has been given the responsibility of coordinating specific
needs for the superbly trained and qualified specialists who
share the burden of this vital mission. These outstanding people

urgency that calls forth the fullest utilization of their talents. At
28 different installations across the country, JOPPO assists in
placing these people in challenging situations that have the ad-
ditional advantages of full Civil Service benefits.

Personnel policies provide for maximum possible freedom of ex-
pression and exchange of ideas—honorary, academic and cash

find, through the assistance of JOPPO, their place in the civilian-
military team of the Air Force Systems Command and the Air
Force Logistics Command.

awards for individual accomplishments plus opportunity for ad-
vanced study.

The AFSC and AFLC are now staffing the positions below. A
Bachelor of Science and/or advanced degree is required for
each, as well as appropriate experience in the areas noted:

The scientists, the engineers, the people of dozens of different
disciplines who take part in these programs, feel the sense of

ELECTRONIC ENGINEERING (INSTRUMENTATION/TELEMETRY)—

The Range Systems Division, Directorate of Aerospace Instrumenation,
manages and conducts subsystem equipment development for inter-range
activity, or activities encompassing major portions of a total range. Projects
may include Calibration Systems...Timing Synchronization Devices...
Inter-Range Integration Equipments...Recovery Systems...Multi-Range
Display Equipments and Systems. Telemetry standardization and development
falls into this area. Positions are now available to qualified personnel

at Project and Advisory levels. Minimum educational requirement,

BS/EE, MS highly desirable.

ELECTRONIC ENGINEERING (ELECTRO-MAGNETICS)—-To plan, organize

and manage technical facilities of a color TV tape studio. Responsible

for administration of engineering programs and projects. Requires good
general knowledge in the broad area of wire and electronics communication
equipment, and transmission of audio and video requirements to coordinate
input efforts to the studio, or from studio to remote locations. Must be capable
of dealing with high level executives in commercial companies, and with
government representatives at ail levels. Minimum educational requirement

is the BS/EE, plus suitable experience, M.S., or better is highly desirable.

ELECTRONIC ENGINEERING (INSTRUMENTATION)—To edit radar and
signature data; correlate these and trajectory information, re-entry attitude,
tracking error, auxiliary data; arrive at meaningful interpretations.
Recommends improved data instrumentation, collection and storage. Assists
in developing standards for data formats and administrative procedures.
Requires comprehensive knowledge and experience in instrumentation,
collection, handling, processing, editing and reporting of radar and tracking
data; must read and understand computer programming function and

theory of operation. Requires MS/EE with Physics background, especially
desired in radar interference, or B.S. with equivalent experience.

ELECTRONIC ENGINEERING (INERTIAL NAVIGATION)—To serve as high level
advisor to the Technical Director, Research and Technology Division,

Avionics Laboratory, Inertial Navigation Development Detachment. Will
provide highly competent skills in Electronic Engineering, plus a well founded
background in inertial navigation systems to conduct the necessary

research and development. Will implement theories into design of advanced
components for improved, low cost inertial navigation systems. Will perform
research, contribute to the design, development and analysis of an

Inertial Navigation System. M.S. preferred or B.S. with equivalent experience.

IEEE INTERVIEWS
March 23-25
Call PLaza 2-5110
For Convenient Appointment

If interview inconvenient, send resumé or Application for Federal Employment AFSC/AFLC

(SF-57) stating geographical preferences and salary requirements to: ——
OINT PROFESSIONAL

Mr. Vincent lannoli J

- oint Professional Placement Office
::?cra:::-:uj: Av::ue,foept. I:P ; New Yotrk 22, New York \ PLACEMENT OFFICE |

An equal opportunity employer
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for FEE-PAID Positions

WRITE US FIRST!
Use our confidential application
for professional, individualized
service . . . a complete national
technical employment agency.

ATOMIC PERSONNEL, INC.
Suite 1207L, 1518 Walnut St., Phila. 2, Pa.

Business + Pleasure
IS A DAILY OCCURRENCE ... ALL YEAR

at MOTOROLA

¥ POSITION VACANT
1964 FEBRUARY 1964
Sun Mon Tus Wed Thu Fel 3ot

1 e ,:“‘!‘f’; S Electronic Engineers, Mechanical Engineers,

1 23458387 Consultants. Managers—Work for leading

2 3 48 6 7 8 8 9 10 11 12 13 14

firm of licensed professional engineers. Write

9 10 11 12 13 14 15 ;: ;: ;: ;: ;::;: to United Engineers, 150 Causeway Street,
16 17 18 19 20m 22 mwn ~ Boston 14, Mass.

(202526272829

2 1 FRIDAY

C; c 9)% . %7%&1‘“)}’1,

SEARCHLIGHT
SECTION

(Classified Advertising)

BUSINESS OPPORTUNITIES
EQUIPMENT - USED or RESALE

W

k\i é - DISPLAYED RATE

L yy‘-ﬁé«v LMM ' The advertising rate is $27.25 per inch for all ad-

//“ {L 4 vertising appearing on other than a contract basis.

/:3«(,‘ %}1& = i Contract rates quoted on request. AN ADVER-
?/ . TISING INCH is measured % inch vertically on

cne column, 3 columns—30 inches—to a page.
EQUIPMENT WANTED or FOR SALE ADVER-
TISEMENTS acceptable only in Displayed Style.

w/\'f C/’ 2l Vtneg. - /VAS'A ,‘Qg‘;ﬂ e / W,
Miﬁ,{! ﬂi(t $2.70 a line, mini 3 lines. To A dv
15 ujﬁ AN /&4‘ j R e o e
?,cet
I'

Xeenaty )] perocee? 5&447,71_&4/ 7

PROPOSALS, $2.70 a line an insertion.

BOX NUMBERS count as one line additional in
undisplayed ads.

/‘?tf’/v? /il;z(/g,( /8@;%‘:.» /&3’”90 ;  , DISCOUNT OF 10% if full payment is made in

advance for four consecutive insertions of undis-

l(‘g” WW ?ﬂzxyz?,‘r played ads (not including proposals).
SR v O S ARROW

FREIGHT FORWARDERS
Sub. of LIFSCHULTZ TRANSPORT, Inc.

FASTEST
COAST TO COAST

5th & 6th DAY eAst coast 10
CAL,, ARIZ., NEV., ORE. and WASH.

BUSINESS + PLEASURE means a challenge in aerospace electronics and 7th DAY
: . 2 TO EAST COAST
a new world of year-round enjoyment for your family. Here you will
LA 7 i o from CAL., ARIZ., NEV., ORE. and WASH.
find intriguing challenges in advanced projects such as Gemini, Apollo
and a host of others ranging from inner space to deep space exploration. Spsciaiiits in ipment of
For a peaceful dry climate, scenic mountains and canyon lakes, balanced Call for information
by a professional challenge, check these opportunities. . NEW YORK — PHILADELPHIA 1
BALTIMORE — BOSTON — NEW JERSEY
" e : - -l HOLYOKE — NEW HAVEN — PROVIDENCE
Antennas & Propagation Reliability Analysis Guidance & Navigation LOS ANGELES—SAN FRANCISCO —SEATTLE
Solid State R.F. Parts Reliability Command & Control .
Microwave Techniques Reliability Program Coordination Space Communications CIRCLE 730 QN/READER SERVICE CARD
Missile & Space Instrumentation Data Acquisition, Processing & Display Signal Processing
Operational Support Equipment CW Transponders ECM, CCM & Surveillance MID MANHATTAN
Integrated Circuitry Radar and Radar Transponders Tracking & Telemetry

VISIT OUR NEW STORE

Full of test equipment, microwave com-
ponents, radar, communication equip-
ment. Many late Mil. test sets, Stoddard,
H.P., Sperry. GE. Meas. Corp, etc. We
can late radio, radar sets. Marine

in PH OEN’x equipment. R.F. sources, etc.

TECHNICAL SYSTEMS CORP.

42 W 15th St.,, N.Y.C. 11, N. Y. Bet. 5 & 6 Av.
Military Electronics Division ¢ Western Center ¢« P.O. Box 1417, Scottsdale, Arizona CH-2-1949
MOTOROLA ALSO OFFERS OPPORTUNITIES AT CHICAGO, ILLINOIS — AN EQUAL OPPORTUNITY EMPLOYER

Contact Phil Nienstedt, Manager of Recruitment, Department 653

MOTOROLA

CIRCLE 951 ON READER SERVICE CARD
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Engineers on,
Scientists v

want

We'll relocate you—successfully!

& ®
Want to go back home—or further
afield? Either place, we specialize
in assisting professionals to make

that next step up—confidentially.

AND [ ]
Contact nearest office listed below.
I Professional Placement Counsellors
aith over 120 offices coast to coast.

BALTIMORE, MD. COLUMBUS, OHIO PITTSBURGH, PA. WASHINGTON, D. C.

312 Equitable Bldg. 5 West Broad St. 204 Fifth Ave. 605-1'4th St., N. W.

e ke Sl 1Rt es Cove 2614824 Area Code 412 L e i et
WILMINGTON, DEL.

BOSTON, MASS. HUNTSVILLE, ALA. TOLEDO, OHIO 917 Washington'St.

581 Boylston St. 2109 Clinton Bldg. Suite 316 Security Bldg. OLympia 5-6565

262-2660 Area Code 617 536-4431 Area Code 205 244-8611 Area Code 419 Area Code 302
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EIMAC : S S
: D Kk : EARCHLIGHT ECTION
e >
b 304 TH > (Classified Advertising)
E o C BUSINESS OPPORTUNITIES EQUIPMENT—USED or RESALE
ML IPE i $22.00 %
B 1024 Pes. ............... 21.00 -
B 25.49 Pes. ............... 20.00 [ 60” PARABOLIC REFLECTORS
E B0 OF MOTE .ciscvinsmsinins 18.00 X
E CAP ELECTRONICS, INC. & GE CAT ::8023666
1} 5% Wereen B, New Yok 7, . Y. B 60" DIA. FOCAL LENGTH, 25", CONSTRUCTION COPPER. RHODIUM SURFACE
s Rector:2-9078 > HIGHLY POLISHED, ALL BRAND NEW. PACKED IN WOODEN CRATES, WELL
PADDED TO PROTECT THE REFLECTIVE SURFACE. SIZE OF CRATE 70" x 72" x
CIRCLE 960 ON READER SERVICE CARD
16”. TOTAL SHIPPING WEIGHT 520#, USED FOR SOLAR FURNACES, SONAR,
RADAR AUTO-TRACK & TELEMETRY ANTENNA PEDESTALS AND OTHER RESEARCH PROJECTS. PRICE $225. EACH F.O.B. BRAINTREE,
L R b g bl L sl MASS. REPLACEMENT COST TO GOV'T ESTIMATED AT $2000.—
FPN-32GCA. APS-10 APS-15B APS-27 (AMTI) SEARCH. B B
APN-102 DOPPLER. DOZENS MORE. CARCINOTRONS. PFN'S.
PULAE TRANSFORMENE. IF STRIPS. WAYEGUIDE. BENDS QUINCY GROSSMAN SURPLUS, S. E. EXPRESSWAY
200 MC. 1 KMC. 3 KMC. 6 KMC. 9 KMC. 24 KMC. RF PKGS.
BRAINTREE, MASS. VI-3-1575
RADIO RESEARCH INSTRUMENT CO. 4
550 5TH AVE., NEW YORK 36, N. Y. JU 6-4691 C|RCLE 952 ON READER SERVICE cARD
CIRCLE 957 ON READER SERVICE CARD
¢ TOP BRA'E‘DBU$L§P?I.;';?[T TUBES * ?"E FOR NEW ®K'EYS.'°NE
s k  exgess IENTORIES N TR
BLOWERS ® COOLING FANS e HEATERS *
MOTORS ® PUMPS ® COMPRESSORS gong ERRIEIC BAVINGS! BATTERY HOLDERS, TERMINALS,
LARGE VSEND FoR CATALOG = O°Y _ METROPOLITAN SUPPLY CORP. TERMINAL BOARDS & HARDWARE
ELECTRIC TRADING CO. R Al R T WK s e ke Y KEYSTONE ELECTRONICS CORP.
313-315 CANAL ST., NEW YORK 13, N. Y. 2 | 49 BLEECKER ST., NEW YORK 12, N. Y,
DEPT. 2X (212) CA 6-0576 CIRCLE 955 ON READER SERVICE CARD CIRCLE 953 ON READER SERVICE CARD

CIRCLE 958 ON READER SERVICE CARD

Yo.ur Inquiries to Advertisers Anti uP

POTTING APPLICATORS Will Have Special Value .

MASE(‘ZJAL ATzDC(?lspogl(\]E(l;E —for )'ou—thehisd\'erlt)_}serde Xt‘lje E;l_blisher,l it As_is mJlE!‘eEP'.!j?cgrsaine purpose
you mention this publication. vertisers value
FOR POTTING, ENCAPSULATING, AND highly this evidence of the publication you read. f:ﬁ) 30 Ex ob Sate e84, 50T talking
SEALING OF MINIATURE COMPONENTS Satisfled advertisers enable the publishers to cuit only. Write for complete list.
PHILIP FISHMAN CO. secure more :;lvenjsers and—more z:;évemsers An shipments FOB, Simpson, Pa.
X mean more information on more products or TELEPHONE EN N
7 CAMERON ST., WELLESLEY 81, MASS. ‘ Dettar mervios—riore vAlie—to YOU. Ay 32365 glln:‘pEsEnanaG co.
CIRCLE 959 ON READER SERVICE CARD CIRCLE 954 ON READER SERVICE CA

Electronics | March 23, 1964 143



Electronics advertisers warcnz2s, 196

= AMP Inc. 31
Garceau, Hargraves & McCullough Inc.
u Acme Electric Corp. 118
Scheel Adv. Agency
Bendix-Pacific 104

John B. Shaw Co. Inc.
Burroughs Corp., Electronics

Components Div.

Conti Adv. Agency, Inc.

Business Week 35
West, Weir & Bartel Inc.

2nd Cover

u Chester Cable Corp. 128,129
Lewis Adv. Agency
= Clifton Precision Products 41
Ivey Adv. Inc.
College Hill Industries, Inc. 128
Thorndike, Schonfarber & Thomas
Consolidated Electrodynamics Corp. 45
Hixson & Jorgensen, Inc.
m Dage Electric Co. 132
La Grange & Garrison Inc.
Daven, Div. of McGraw Edison 99
Keyes, Martin & Co.
u Defense Electronics Inc. 135
Compton Jones Associates
Delco Radio 105
Campbell-Ewald Company
Digital Equipment Corp. 36
oudon Adv., Inc.
Electrac Inc. 102
Jansen Associates
Electro Products Laboratories, Inc. 126
C.M. Gotsch, Advertising
Electro Scientific Industries Inc. 29
Ken Webber Adv.
Electronic Engineering Co. of
California 44
Compton Advertising, Inc.
Electronic Specialty Co. 94
Grant Adv,, Inc.
u FXR—Division of Amphenol Borg 46
Marsteller Inc.
u Fairchild Controls Corp. 37
Dunwoodie Associates Inc.
Fairchild Semiconductor 12,13
Johnson & Lewis Inc.
= Garlock Electronic Products Inc. 100
Atlantic Industrial Adv.
General Dynamics/Electronics 108, 109

Phillips-Ramsey, Inc.

= General Electric Co.,
Semiconductor Products Dept. 48
Ross Roy Inc.

u General Electric Co.,

Silicone Products Dept. 106
Ross Roy Inc.
General Micro-electronics Inc. 93
Sturges and Associates
Gertsch Products Inc. 123
Balsam Advertising Inc.
= Globe Industries Inc. 114
Odiorne Industrial Adv. Inc.
Gudebrod Bros. Silk Co. Inc. 110
Lee Ramsdell & Co. Inc.
Heath Company 134
Advance Advertising Service Inc.
= Hewlett Packard Co. 1,2
L. C. Cole Company Inc.
Hurst Mfg. Co. 136
Taylor, Crook Associates
Indiana General Corp. 92
Hoffman-York Inc.
International Rectifier Corp. 38
Communication Associates
= Jennings Radio Mfg. Corp. 115
L. H. Waldron
Jerrold Corp. 7
Irving Gould Adv. Inc.
Julie Research Labs. 138

Smith & Dorian Inc.

m For more information on complete product line

= Kepco, Inc. 16
Weiss Advertising
= Lapp Insulator Co., Inc. 119
Wolff Associates, Inc.
Leach Corp. 103
Hixson & Jorgensen, Inc.
Leesona Corp. 22,125
Chirurg & Cairns, Inc.
Levin & Son, Inc., Louis 130
Max McClellan Adv.
= Linen Thread Co. 136
Robert Luckie Adv.
Machlett Laboratories, The 8
Fuller, Smith & Ross Inc.
Mallory & Co. Inc., P. R. 20, 21
The Aitkin-Kynett Co.
McGraw-Hill Book Co. Inc. 133
Melpar Inc. 9
Lewis, Dobrow and Lamb
Millen Mfg. Co., Inc., James 122
Minnesota Mining & Mfg. Co.,
Mincom Div. 24

Reach, McClinton & Co., Inc.

Motorola Inc., Military Electronics
Div. 42,43
Charles Bowes Advertising Inc.

New Hermes Engraving Machine

Corp. 132
Doner-Harrison, Inc.
u North Atlantic Industries 101

Dunwoodie Associates Inc.

= PRD Electronics, Inc.
Mabuchi, Kameny & Smith Inc.

Pacific Electro Magnetics Co. Inc. 112
Sturges and Associates

Pakltron. Div. lllinois Tool Works,

120,121

nc. 112, 113
Raymond E. Finn & Assoociates

Pamotor, Inc. 122
The Harry P. Bridge Co.

= Philco Lansdale Div., A Sub. of

Ford Motor Co. 33
Maxwell Associates, Inc.
Potter Instrument Co. Inc. b & |
Larcom Randall Adv. Inc.
Radar Design Corp. 136
Barlow/Johnson Inc.
Radio Corporation of America 4th Cover
Al Paul Lefton Co.
= Ribet DesJardins 139
Inter-plans
Rome Cable, Div. of Alcoa 34
The Rumrill Co., Inc.
= Rosemount Engineering Co. 131
Midland Associates, Inc.
Sanders Associates 116, 117
Chirurg & Cairns, Inc.
m Sealectro Corporation 3rd Cover
Lescarboura Advertising Inc.
= Semi-Elements, Inc. 126
Axelband & Brown Associates
Servo Corp. of America 124
Mabuchi, Kameny & Smith, Inc.
Sierra Electronics, Div. of Philco 14
Hal Lawrence, Inc.
Sprague Electric Co. 5,6:°10
The Harry P. Bridge Co.
Standard Telephone & Cable 23
Brockie Haslam & Co.
Transitron Electronic Corp. 91
The Bresnick Co., Inc.
Unitrode Transistor Products Inc. 19
Chirurg & Cairns Inc.
= Vitramon Inc. 47
Ted Sommers, Inc.
Washington State 127
Richard R. Harris Inc.
Wells Electronics Inc. 122

Weco Advertising

see advertisement in the latest Electronics Buyers’' Guide

Advertising sales staff

James T. Hauptli: [212] 971-2210

Advertising sales manger

Atlanta, Ga. 30309: Gus Krimsier,

Michael H. Miller, 1375 Peachtree St. N.E.,
[404] TR 5-0523

Boston, Mass. 02116: William S. Hodgkinson,
McGraw-Hill Building, Copley Square,
[617] CO 2-1160

Chicago, Ill. 60611: Robert M. Denmead,
Daniel E. Shea, Jr., 645 North Michigan
Avenue, [312] MO 4-5800

Cleveland, Ohio 44113: Paul T. Fegley, 55
Public Square, [216] SU 1-7000

Dallas, Texas 75201: Frank Le Beau, The
Vaughn Building, 1712 Commerce Street,
[214] Rl 7-9721 .
Denver, Colo. 80202: John W. Patten, David
M. Watson, Tower Bldg., 1700 Broadway,
Tower Bldg., 1700 Broadway,

[303] AL 5-2981

Houston, Texas 77025: Kenneth George,
Prudential Bldg., Halcombe Blvd.,

[713] RI 8-1280

Los Angeles, Calif. 90017: Ashley P.
Hartman, John G. Zisch, 1125 W. 6th St.,
[213] HU 2-5450

New York, N.Y. 10036:

Donald R. Furth [212] 971-3616

Donald H. Miller [212] 971-3615

George F. Werner [212] 971-3617

500 Fifth Avenue

Philadelphia, Pa. 19103: William J. Boyle,
Warren n Gardner, 6 Penn Center Plaza,
[215] LO 8-6161

San Francisco, Calif. 94111: Richard C.
Alcorn, 255 California Street,

[415] DO 2-4600

London W1: Edwin S. Murphy Jr., 34 Dover
Street

Frankfurt/Main: Matthee Herfurth, 85
Westendstrasse

Geneva: Michael R. Zeynel, 2 Place du Port
Paris VIII: Denis Jacob, 17 Avenue
Matignon

Tokyo: Shigeo Chiba, 1, Kotohiracho,
Shiba, Minato-ku

Osaka: Kazutaka Miura, 163, Umegae-cho,
Kita-ku [362] 8771

Nagoya: International Media Represen-
tatives, Yamagishi Bldg., 13,2-Chome,
Oike-cho Naga-ku

R.S. Quint: [212] 971-2335

General manager

Electronics Buyers’ Guide

David M. Tempest: [212] 971-3139
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Henry M. Shaw: [212] 971-3485
Market research manager

Richard J. Tomlinson: [212] 971-3191
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Theodore R. Geipel: [212] 971-2044
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Another Original Sealectro “PRESS-FIT" TEFLON TERMINAL

'l'l|®

GUIDED-ENg}

U.S. Patent No. 3,120,418

DINT JACK

offers

B GREATER CHASSIS
/ PULL OUT STRENGTH
/4

I7> ¥ HIGHER TORQUE
RESISTANCE

B UNIFORM CONTACT
RETENTION

va

/) ¢

Z

A\\\\\\\\\\"

“Years ahead” engineering are embodied in this new Sealectro “Press-Fit"”" SKT-0804 test point jack...and each new
feature has been designed to overcome the shortcomings of more conventional construction test jacks. The “formed”
beryllium-copper contact provides greater support of the Teflon bushing and at the same time increases substantially
the pull-out and torque resistance of the jack from the chassis. Providing guided-entry for an .080” diameter probe, the
SKT-0804 maintains uniform retention throughout the contact area. Using a standard S-38 insertion tool, installation
into a prepared chassis hole is achieved with simple “Press-Fit” technique. Write today for details and samples to. . ...

“Press-Fit" Teflon Terminals « “Conhex” Subminiature / ‘/f—'
RF Connectors « ‘“Sealectoboard’” Program Boards Seﬂ el o CORPORATION

“Deltime’ Magnetostrictive Delay Lines « “Actan” Pro-
gramming Switches MAMARONECK, NEW YORK

Visit Sealectro at IEEE Booths 2737-2739

CIRCLE 901 ON READER SERVICE CARD



Never Before A Commercially Available Silicon Transistor
With The Low-Noise Performance of RCA 2N2857

4 db NOISE
FIGURE AT

450 Mc

Detected output of UHF Receiver
i with 1-yv 450-Mc signal applied
e to 2N2857 RF stage

4-Lead T0-18
Style Package

DESIGNED FOR UHF - SPECIFIED FOR UHF - 100% TESTED FOR UHF

The low-noise npn 2N2857 uses a new miniature structure to

achieve these outstanding characteristics:

* Extremely low noise...4 db typical in 450 Mc common-emitter
RF amplifier

* High Gain...14 db typical at 450 Mc in neutralized 20 Mc
bandwidth amplifier

* Excellent 450-Mc Mixer Performance...NF=7 db, Gain=15
db (typical)

* Excellent UHF Oscillator Performance...Power Output =40
mw typical at 500 Mc, 20 mw typical at 1 Ge (unit will oscil-
late at frequencies to 2 Ge)

* Maximum Ratings...Vcpo=30V, Vego=15V, P,=200 mw
at 25°C free-air

* Gain—Bandwidth Product=1200 Mc Typical

Each RCA 2N2857 is tested for maximum noise- figure and

minimum power gain @ 450 Mc as a standard factory procedure.

Specified 2N2857 values are based on V2 -inch leads. With shorter

leads gain can be improved as much as 1.5 db gain and noise

figure as much as 0.5 db.

®

RCA also offers New Silicon NPN Transistor 2N2708 de-
signed specifically for VHF Applications. The new RCA
2N2708 planar epitaxial transistor is specifically designed for
VHEF applications to 500 Mc. Here are some of the features of
this new transistor:

* 200 Mc wideband RF amplifier...15 db min. gain (neutralized
common-emitter)

* Maximum ratings...Vepo =35V, Vego =20V, Vipo=3V
* Gain—Bandwidth Product...700 Mc min.
* NF=8.5 db max. at 200 Mc, I;=2 ma

Each RCA 2N2708 is tested for maximum noise figure and mini-
mum power gain @ 200 Mc as a standard factory procedure.
Call your RCA Representative today for complete information
on these outstanding RCA transistors. For further technical data,
write Commercial Engineering, Section C-N-3-3, RCA Electronic
Components and Devices, Harrison, N. J.

AVAILABLE THROUGH YOUR RCA DISTRIBUTOR

The Most Trusted Name in Electronics

CIRCLE 902 ON READER SERVICE CARD



