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New hp 117A VLF Comparator for only $1150

Here is an easy, precise and inexpensive way to local standard during stable propagation conditions.
calibrate your own oscillator against the United External recorder outputs are included for recording
States Frequency Standard ... whether it's the time phase comparison and signal level.

base in your electronic counter or your laboratory
frequency standard. The new hp 117A VLF Compa-
rator provides all the features needed for frequency
standardization. You need no other instruments.

Check your oscillator requirements and consider
the advantages of a fast VLF U.S. Frequency Stand-
ard transfer, then ask your Hewlett-Packard field
engineer for all the information.

The 117A makes accurate phase comparisons

between local oscillators and the 60 kc U.S. SPECIFICATIONS

Frequency Standard broadcast by the National BSES)innuts 160 ke (WU caieier)
Sensitivity: 1 uv rms into 50 ohms
Bureau of Standards on WWVB. Local standard input: 100 k¢, 1 v rms into 1000 ohms (1 mc option)
P 9 9 100 kc phase-locked .
This instrument makes comparisons with an accu- output: 20 v rectangular positive pulses into 5000 ohms
i ; 10 - ; Phase stability: =1 usec, 0-50°C
ey approachlng 1 part ,In 10'° over an 8-hour _perIOd' Chart width: 50 usec or 16% usec (internal switch)
WWVB broadcasts a 5|gnal capa ble of being re- Chart speed: 1 inch per hour, others available upon request
ceived at a precision of about 5 parts in 10'" during Size: 3" high, 113" wide, 16%” deep, 15 Ibs.

Price: $1150 including 60 kc antenna

a 24-hour period.

Data subject to change without notice. Price f.0.b. factory.
The 117A employs an electronic servo system that
permits the utilization of the WWVB signal to phase
lock a voltage controlled oscillator. The local stand- HEWULETT
ard is then compared to this phase-locked oscillator
and a continuous phase difference recording is made PACKARD
on a built-in strip chart recorder. Templates are COMPANY 5
furnished for direct reading of recorder charts. A
front panel meter shows signal level, satisfactory 1501 Page Mill Road, Palo Alto, Calif. 94304, (415) 326-7000.
phase lock with WWVB, or phase comparison, de- Sales and service in all principal areas. Europe, Hewlett-Packard
pending on switch setting. The 117A provides a 100 S.A, 54 Route des Acacias, Geneva, Switzerland; Canada,
kc phase-locked output accurate enough to use as a  Hewlett-Packard (Canada) Ltd., 8270 Mayrand St., Montreal, Que.

An extra measure of quality
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New Sanborn
Tape System

7 CHANNELS plus monitoring track

6 ELECTRICAL SPEEDS without
capstan change

40 db or better SIGNAL/NOISE RATIO

0.2% P-P FLUTTER
IRIG compatibility

for under *9,000

Now you can have precision instrumentation
tape system performance at substantially
lower cost than ever before, with this com-
pletely new Sanborn 3900 Series incorporat-
ing a specially-designed Hewlett-Packard
transport. The primary objective was to
provide a highly flexible, reliably useful sys-
tem with stable tape motion, simple oper-
ation and no maintenance — at a signifi-
cantly lower cosi. These objectives have
been successfully accomplished, in a system which has:

o Greatly reduced interchannel crosstalk with a new
magnetic head assembly design using improved shield-
ing. e High signal/noise ratio, gentle tape handling and
reduced tape wear, through precisely controlled tape
tension, driving and braking torques, and guide ele-
ment designs. e DI’lug-in solid-state electronies with
record/reproduce amplifiers on the same cards, and
equalization plug-ins necessary only for speeds to be used.
e No need for maintenance or lubrication, except for
cleaning tape path. e Built-in footage counter accurate
to 99.95%. e Quick, easy snap-on tape reel loading.
o Cabinet, rack or portable case mounting.

Check the key specifications here, then call your local
H-P Field Engineering Office for complete details and
prices. Or write Sanborn Company, Industrial Division,
175 Wyman Street, Waltham, Massachusetts 02154.

SERIES 3907A (7-channel), 3914A (14-channel)

SPEEDS 6, electrically controlled, pushbutton selected, 1% to
60 ips; other speed ranges optional. Max. start 2 sec.,
max.stop 1 sec.; +£0.25% max. variation in tape speed

at nominal line frequency.

TAPE 7-channel '2"; 14-channel 17; 2400 feet 1.5 mil, 3600 feet
1.0 mil; 4800 feet 0.65 mil; 10%" reels.

Direct, FM or Pulse Record/Reproduce_via inter-
changeablesolld state plug-in electronics; 7-channels
in 715" panel space. Single-ended inputs, push-pull
with optional coupler. Adjustable input/outputlevels.

RECORDING
‘MODES

Circle 2 on reader service card

U nm=nm

SIGNAL/NOISE

BANDWIDTH RESPONSE RATIO (RMS)
Direct
(60 ips) 100-100,000 cps =3db 40 db
FM
(60 ips) 0-10,000 cps =0, —-1db 44 db without
(Wideband systems avail- fs':ttit:r: compen.

[ — 250 KC direct, .
g['f .ECS(,):W) 3 uiin 48 db with fiutter
compensation

P-P FLUTTER 0-1 KC, 0.29% max.
(30 & 60 ips) 0-5 KC, 0.5% max.
CONTROLS Power, Stop, Play, Reverse, Fast

Forward, Record; all can be re.
motely controlled

Complete 7-channel system for FM
recording and reproducing, with
filters for 3 speeds, extra (8th)
channel for monitoring, and console
cabinet: $8900

PRICES (f.o.b. Waltham,
Mass.) (Systems represent
two of many choices avail.
able. Prices are correspond-
ingly lower for fewer speed
fitters, or where direct record
/reproduce electronics are
specified, and higher when
filters for all six speeds are
ordered.)

ANBOR

A DIVISION OF HEWLETT-PACKARD

Same system, for 14-channels:
$13,370



Page 4

10
15
17
43
111
132
135
136

July 27, 1964
Volume 37, Number 21

Page

Electronics

Readers comment
People

Meetings ahead
Editorial

Electronics newsletter
Washington newsletter
New products

New literature

New books

Technical abstracts

In
this
issue

Title R registered

U.S. Patent Office;

© copyright 1964

by McGraw-Hill, Inc.
All rights reserved,
including the right to
reproduce the contents
of this publication,

in whole or in part.

Microelectronics

Solid state

Components

Circuit design

Comptiter

Space electronics

Communications

27
27
28
28
29
29
30

99
101
106

54

58

68

72

76

81

88

Electronics review

Instant radar maps
Ceramic that foams
Numerical sculpture
Shocking shrimp
The littlest Biax
Thin films of glass
Thin-film first

Probing the news

30
32
32
34
34
34

Homemade ground stations

The state of the unions

Microsurgery in color tv

Technical articles

I. Design

Out, damned spot
Superpower triodes
SAC speedup

More power

Which way is down?
No cheating

Low-frequency integrated circuits

Thermal transfer makes possible new oscillators,
filters and delay networks for below 100 cps

W.T. Matzen and R.A. Meadows, Texas Instruments

Optoelectronics at work (cover)

New components use photon coupling in applications
from amplifiers to demodulators, oscillators

to mixers

Irwin Wunderman, hp Associates

Stray signals can’t throw this desensitized switch
It discriminates between r-f energy and a d-c
pulse with an extra zener junction

J.M. Gault and R.J. Sanford, Naval Ordnance

Laboratory

Designers casebook

* Displaying the contents of a computer register;

added transistor decreases multivibrator reset time;
nomograph shows phase-shift angle; positive-pulse
generator; buffer amplifier supplies bipolar output

Il. Application

Automatic circuit tester

Digital computer saves time and money and
increases capability in production testing
Kenneth Wakeen, Digital Equipment Corp.

Bird's eye view of the weather

Meteorological satellites will send cloud pictures
Here's a ground station to receive them
C.M. Hunter and E. Rich Jr., NASA

Tropo goes commercial

AT&T prepares to use a new solid-state system
that’s been proved by the military
Alexander A. McKenzie, Communications editor



Electronics

Editor: Lewis H. Young
Managing editor: John M. Carroll

Senior editors
Technical: Samuel Weber
News: George Sideris

Senior associate editor: John F. Mason

Department editors

Advanced technology: George V. Novotny
Avionics: W.J. Evanzia

Circuit design: Jerome Eimbinder
Communications: Alexander A. McKenzie
Components: Michael F. Tomaino
Computers: Stephen B. Gray

Consumer electronics: V.S. Acunto
Industrial electronics: Louis S. Gomolak
Instrumentation: George J. Flynn
Military electronics: John F. Mason

New products: William P. O'Brien

Solid state: G.G. Tirellis

Space electronics: Joel A. Strasser

Staff writers: Leon H. Dulberger, Peggy Jackson

Regional editors

Boston: Thomas Maaquire. editor; Susan Turner

Chicago: Cletus M. Wiley, editor; Leslie Krimston

Los Angeles: Harold C. Hood, editor

San Francisco: Laurence D. Shergalis, editor; Mary Jo Jadin
London: Derek Barlow, editor

Copy editors
Howard Rausch, Sally Powell

tNustration

Art director: Howard R. Berry

Assistant art director: John C. Wright, Jr.

Editorial production: Ann Mella, Sandra A. LeMond

Editorial secretaries: Claire Benell, Lynn Emery,
Kay Fontana, Lorraine Rossi, Lorraine Werner

McGraw-Hill news service

Director: John Wilhelm; Atlanta: Fran Ridgeway; Chicago: Bruce Cross;
Cleveland: Arthur Zimmerman; Dallas: Marvin Reid;

Detroit: Donald MacDonald; Los Angeles: Kemp Anderson, Michae! Murphy,
Ron Lovell; San Francisco: Margaret Ralston, Ed. Addeo;

Seattle: Ray Bloomberg; Washington: George Bryant Jr., Glen Bayless,
Charles Gardner

McGraw-Hill world news service

Bonn: Richard Mikton; Brussels: Arthur Erikson; London: John Shinn;
Mexico City: Wesley Perry; Milan: Bruce Bendow;

Moscow: Donald Winston; Paris: Dan Smith;

Rio de Janeiro: Leslie Warren; Tokyo: Richard Halloran, Charles Cohen

Circulation manager: Hugh Quinn
Reprints: T.M. Egan

Publisher: C.C. Randolph

Electronics: July 27, 1964, Vol. 37, No. 21

Printed at 99 North Broadway, Albany, N.Y.
Second class postage paid at Albany, N.Y.

Subscriptions are solicited only from those actively engaged in the field of the publication. R
Position and company connection must be indicated on orders. Subscription prices: United States
and Possessions and Canada, $6.00 one year, $9.00 two years. $12.00 three years. All other
countries $20.00 one year. Single copres.'United States and Possessions and Canada 75¢.

Single copies ali other countries $1.50.

Published every oti:er Monday by McGraw-Hill Inc. 330 West 42nd Street,
New York, N.¥.10036. Founder: James H. McGraw, 1860.1948,

Subscribers: The Fublisher, upon written request to our New York office

from any subscriber, agrees to refund that part of the subscription price
applying to copnies not yet mailed. Please send change of address notices,
subscription orders or complaints to Fulfillment Manager, Electronics,

at the address below. Change of address notices should provide old as well

as new address, including postal zone number if any. If possible, attach

address label from recent issue. Allow one month for change to become effective.

Postmaster: Please send Form 3579 to Fulfililment Manager, Electronics,
P.O. Box 430, Hightstown, New Jersey 08520

Readers Comment

3-D electronics

Congratulations on your excellent
3-D reproduction of an electronic
module [June 15, p. 26]. . ..

The main weakness in this ap-
proach to 3-D is in the confusion
as to distance from the viewer. and
scale. T recommend that in vour
next venture you use Javne Mans-
ficld as reference; she should hold
it over her heart.

Lawrence A. Shaw
St. Paul, Minn,

Diversification

Your editorial, “The challenge of
change” [June 15 p. 15], brings up
an important point. It mentions that
on the average it takes about five
vears to develop a new product
and to establish a capable market-
ing organization, sometimes even
longer. You bring up the import-
ance of diversification in view of
the leveling off of our defense
spending, and you mention par-
ticularly the field of industrial elec-
tronics as having great promise.

Many medium-size and smaller
companies in the United States are
not aware of one short-cut for di-
versification. There are thousands
of counterpart companies in Eur-
ope and Japan that are eager to
cooperate with their brother com-
panies in the U.S. In the process,
valuable exchuange of knowledge
and of products can be achieved.

Electronics companies in foreign
countries have not been as depend-
ent on defense spending as have
our companies here. Consequently
theyv have developed products
which are precisely the kind we
are seeking, in consumer clectron-
ics and in industrial applications.
On the other hand, these com-
panies have not had government-
sponsored rescarch as we know it
here. Therefore they are behind in
technical capabilities and in basic
research facilities.

Evidently a great deal can he
gained by an exchange between
these two diversely oriented groups
of manufacturers. Most American
electronics companics, when they
sell abroad, think of extending



Now from Spragve!

AN INDUSTRY FIRST!

SPAT" SILICON TRANSISTORS
2N3317, 2N3318, 2N3319
ARE A LONG LEAP AHEAD!

—oV 1K

éso

INPUT O -—|
v

’ ' 20 MV

1 - -
GUTPUT Sy &= = ST o B - : !
|/ 1 s
*'Voff =S

Check the superiority of SPAT" 2N3317 Series Transistors
in this comparison of ts in chopper circuitry!
TYPE ts (typ.) ts (max.)
SPRAGUE 2N3317 SERIES 150 250
Competitive Epitaxial 900 Not Specified
Competitive Planar 1000 Not Specified
Competitive Alloy 1500 Not Specified

For complete technical data, write to: TECHNICAL LITERATURE SERVICE,
SPRAGUE ELECTRIC COMPANY, 35 MARSHALL ST., NORTH ADAMS, MASS.

SPRAGUE COMPONENTS

: e ®
TRANSISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS p R n E ;
PACKAGED COMPONENT ASSEMBLIES \

CAPACITORS PIEZOELECTRIC CERAMICS

RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES

MICROCIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY
INTERFERENCE FILTERS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS

4ST-4127 R *Sprague’ and ‘(" are registered trademarks of the Sprague Electnc Co,
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(Adicrticement)
Pulse Network Problems

Solved by Experienced
Systems Engineers

1

Typical Large Pulse-Forming Network
designed by Sprague to meet a specific
custoner need,

Prompt cooperation on customers’
pulse network problems is readily
available from Sprague Electric Com-
pany’s Pulse Capacitor and Network
Section.

Sprague has much to offer to de-
signers of radar systems, laser sys-
tems, tube testing systems, and other
specialized systems. A highly-
technical special engineering section
devoted exclusively to pulse capaci-
tors and networks includes systems
as well as pulse network engineers.
Sprague can help you with your prob-
lems because Sprague fully understands
your problems!

But Sprague service does not end
here. Following up the design aspect,
these specialists can quickly and effi-
ciently estimate pulse network sizes
and prices for bidding purposes. They
are also equipped to give quick reac-
tion capabilities for your breadboard
and prototype units.

A pioneer in pulse networks,
Sprague is a major supplier of custom
units from less than 1 KV up to 500
KVoverabroadrange of power levels,

For application engineering assist-
ance, or additional information, write
to Pulse Network Section, Sprague
Electric Company, 35 Marshall Sty
North Adams, Massachusetts,

45PN-104-62

6 Circle 6 on reader service card

their method of selling in the U.S.;
i.e,, through sales representatives.
This is why so often opportunities
inherent in cooperation bhetween
manufacturers are overlooked.

If any of the rcaders of this letter
care to have a reprint of our re-
cently published booklet. Know-
How Is Our Most Important Prod-
uct, we shall be glad to mail a
free coyzy.

S.V. Hart
Electronic Engineers International
57 Levant St.
San Francisco 14.

Ferroacoustic storage

The article entitled “Ultrasonic Ap-
proach to Data Storage” in your
May 4 issue [p. 67] has impelled
me to disclose proprietary thinking
in a comparable area. In my view
the basic concept involved here
holds great promise for future gen-
erations of computers.

A configuration I propose for a
high-speed, high-capacity ferro-
acoustic storage consists of a spi-
rally deposited magnetic film on a
rod or tube substrate with a char-
acteristic of high acoustic velocity.
Longitudinal anisotropy for the film
is assumed.

Recent studies of the means to
propagate pressure pulses at high
velocity for the instrumentation of
plasma research has revealed the
ability to gencrate pressure wave
fronts of 0.4 microseconds at prop-
agation speeds of nearly 40,000 feet
per sccond in materials such as
sapphire and beryllium (Poulter
Laboratories Technical Report 010-
60, Stanford Research Institute).

The dependence only upon
acoustic energization is a significant
aspect of the ferroacoustic storage.
Extrapolating this concept to higher
orders of logical manipulations, one
can speculate on the formation of
an integrated arithmetic assembly
on an acoustic substrate with trans-
ducer-initiated command generat-
ing a pseudo clock, as manifested
by the traversing compression
wave,

Consider a cylindrical surface
onto which is deposited thin-film
microcircuits and  input/output
connections to “induction pads.” A
close-fitting tube. in near contact,
surrounding the acoustic cylinder
over its active length comprises the

interface to wired input/output ele-
ments. The interface is formed on
the inner surface of the tube with
mating pads to the “induction
pads” on the cylinder. It is contem-
plated that cnergy will be trans-
ferred across the interface by in-
duction through the medium of the
traversing compression wave.

Spatial distribution of the micro-
circuits and conductors in relation
to the actuating compression wave
provides, for example, predeter-
mined delays and facility for add-
back and carry-forward functions.
Parallel entry with serial-parallel
data manipulation for sorting, shift-
ing. or arithmetic operations are
suggested.

The advantages envisioned for
this design concept are small size,
high speed, minimum standing
power, minimum wiring connec-
tions, and ultimate low cost.

N. A. Moerman
Roslyn Heights, LI, N.Y.

Independent inventor

B. McFarlane [June 29, p. 4] be-
moans the passage of the bill rais-
ing patent fees. He indicates that
these fees will “stifle and starve the
independent inventor.”

I am somewhat of an independ-
ent inventor. Two patents issued.
About six applications on file. Live
in a rented room. Drive a ’55
Chevy. Was glad to see the fees go
up. Even wrote my congressman
urging approval of the measure.
The $60 fee paid for a patent is
a pittance beside the 3600 fee
charged by the lawyer who files the
application. It is not the Patent Of-
fice charges which stifle me—it is
the argot in which patents are
written. That is what is stifling.
It forces me to engage an attorney.
It raises my cost by a factor of 10.

The judges appointed to hear
patent cases should be engineers
rather than lawyers. The legal argot
would disappear very quickly and
patents would be written in under-
standable engineering language. I
could then prepare by own appli-
cations. The patent lawyer would
be eliminated.

Let the fees go up. Get rid of the
patent lawyers.

George E. Row
Rowco Engineering Co.
Indianapolis, Ind.
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There was
a worried

look on Steve’s

face as he met my

cab outside the govern-

ment office building.

“Where’ve you been?” he wailed.
“We’re scheduled in five minutes!”

“What's got you grounded, Dad?" I gave him the presenta-
tion booklets to carry and kept the flip charts. “You look as
if the Russians had just landed on the moon.™

“I don’t like the way things are going.” Steve said gloomily
as we went inside and punched for the elevator. “When the
Ajax crew came out of their meeting, they looked as if they'd
been given the deed to the Pentagon.™

“Have they got anything we haven't”" The elevator door
opened and we stepped in.

“Not as far as | can find out. But we
haven’t got anything they haven't. either.™

“Don’t be too sure.” I said as the elevator
slowed for our floor. “What kind of shock
and vibration data did thev show?”

“*How should I know? The usual shake-
table tests, all the required g's and fre-
quencies, | suppose. What else could vou
do. throw it off the Washington Monument and count the
number of times it bounces?”

The first part of the presentation went as smooth as a jet
at thirty thousand. Then I hit clear air turbulence.

“This is a resume of the shake table results in accordance
with the required Mil Specs.” I was saying. "*As you sce. there’s
no appreciable distortion of output. And here.” 1 flipped to the
next chart, *“is a record of electrical performance under the
maximum transients of the shock and vibration history of
Frontiersman I11*. As you know, that was an earlier version of
the vehicle for which we are quoting this component.™

Colonel Walsh leaned forward across the table and his
eves glinted like fixed bayonets as he said.
“You people had no components on
Frontiersman I11.”

“No.” Isaid “this was simulated. But we
asked the Air Force inspector to witness
the tests, and he has certified that we
reproduced the max mechanical inputs
within five per cent.”

*I'd like to know how you did that,” the colonel challenged.

“You mean you want the technical details?" I asked him.

“If you don’t mind,” said the colonel. Coming from him, this
was an expression of profound interest.

I shot a glance at Steve. He looked like a little boy who
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has just found out there really is a Santa Claus.

“Well, to start with,” I said, “on our copy of the Frontiers-
man III telemetry tape they hadn’t included the time code. So
we began by re-recording it with time code in modified IRIG B
format from an EECO 858 Time Code Generator/Reader2,
Of course, it wasn't the original time. Just an arbitrary indica-
tion for marking and searching purposes.”

“ Of course,™ the colonel said. “Go on, please.”

“Then we read out the entire tape onto strip charts and eye-
balled them for maximum g’s. We selected three time segments
that contained the most severe conditions, and noted the start
and finish times of the segments selected. You know. you can
read hours, minutes and seconds by eye from the strip-chart
trace of the time code.™

“I know.,” said the colonel drily.

“We rewound the mag tape and switched the EECO 858 Time
Code Generator Reader to the reproduce mode. In that mode.
it accepts the time-code channel as input and visually reads out
hours. minutes and seconds on high-visibility Nixie indicators,
at any speed from one twenticth to two hundred times the
recording spced. So with the 858 and the tape deck, we had a
complete manual search system3. Am I making myself clear?”

“As a cloudless day in May.” said Coloncl Walsh, “and I
hope EECO is paving you a commission.”

“On the contrary.” | said, *I still consider myself in debt to
them for selling us that 858. Anyway, using the 858, we re-
recorded the selected segments of the shock and vibration his-
tory onto a single tape. Then we were all set to read that tape
into the shake table any number of times. Considerably more
realistic. of course, than an artificial program at a limited
number of prescribed frequencies and g levels, or even fre-
quency sweeping.’”

“Why couldn’t yvou simulate the entire burning period as
your test?’ he demanded.

“We did. *'I said. *‘on a couple of articles. just to make sure.
But it wouldn’t be feasible to spend that much time on every
article. You sce. we're making it part of our proposal that
every article be acceptance-tested this way.”

“Mmm,” said the colonel. "Miss Roundtree, please remind
me to recommend a simitar procedure for critical components
in future RFP'S.”

“Yes, Colonel,” Miss Roundtree said.

Steve was beaming as foolishly as a victim of anoxia. I could
see he was already mentally spending his extra-sales bonus.

When the presentation was over Colonel Walsh made the
rare gesture of standing up and shaking hands warmly as we
started to leave.

Later that afternoon Steve and 1 were

Y
having a martini with Miss Roundtree in 0
the hope of finding out how we did. A little
underhanded, but strategically sound. )
“That was an outstanding presentation,” | o/
A
- o

she told us. “The colonel was deeply im-
pressed. Especially by the shock and vibra-
tion simulation®. Too bad you're not going to get the contract.”
“We’re not g-- Wha-a-a-->
“I shouldn’t be telling you this, but Ajax came up with exactly
the same idea. It must be the next logical step in environmental
testing. Funny, they even used an EECO 858 Time Code
Whatchamacallit to process the tape. But their component
happens to be an ounce and a half lighter and point oh
eight cubic inch smaller than yours. Too bad.
Better luck next time.”
You can’t win ’em alls.

1 “Frontiersman*' is a figment
of our copywriter’s imagination,
of course, But in reality EECO
timing equipment has been used
at missile ranges throughout
the U.S. with every major mis-
sile and space program since
1951, inctuding Matador, Bom-
arc, Nike, Redstone, Atlas, Titan,
Polaris. Minuteman, or you
name it and we helped time it.

Clactcamia~ Laoheo D7 10OCA

2 This compuact unit generates
IRIG B-format BCD time code
(modified to omit days) and oc-
cupies only seven inches ot rack
space. You who have to watch
the bucks (and who doesn’t.
these days) will be happy to
know that an EECO 858 costs
little more than you'd expect to
pay for either the generating o
the reading function alone.

3 By adding an 859 tape seuarch
unit, either right away or later.
vou can convert your EECO 858
into an automatic search system.
Then all vou have to do is pre-
set the start and stop times on
decimal switches. The system
advances at search speed to the
preset start time, then automat-
ically switches to playback: and
reads out the desired segment.

4 The application described in
our story is one of the latest and
most interesting, but there are
hundreds of other technical. sci-
entific. industrial and medical
uses for the 858 — wherever you
need to time-mark analog data
SO you can look it up and play
it back later. Dynamic testing
laboratories tind it particularly
valuable.

S But Ajax won with the help of
an EECO 858 Time Code Gen-
erator Reader. So can you. Cir
¢le reader card number for tuil
information. Y ou'll also receive
FREE engineering drawing and
specifications of Terrific Terrt
the Test Engineer. ADULTS
ONLY. (Minorsdon't buy much
digital timing equipment.)
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NEW MINIATURE PLANAR TRIODES...
FREQUENCY STABLE...HIGH CATHODE CURRENT

ML-7698

ML-8534
ML-8536

Same ratings..."/s size
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FREQUENCY [Gc]

As UHF plate or grid pulsed amplifier

The same fast frequency stable performance—100 times faster than normal—
is obtained with both the miniature ML-8534 and ML-8536 planar triodes. Both
tubes employ the Phormat (matrix) cathode. Both allow use of variable duty
cycle operation without noticeable frequency shift. But the ML-8534 and
ML-8536 miniature planars are only %3 the size of the ML-7698 and permit
significant reductions in cavity and equipment size. Ratings: ML-8534, plate

pulsed, 3500v, 5.0a; grid pulsed, 2500v, 5.0a. ML- 8536, plate pulsed, 3500v,
3.0a; grid pulsed, 2500v, 3.0a. For complete data on miniature planar
triodes, write: The Machlett Laboratories, Inc., Springdale, Connecticut. An
affiliate of Raytheon Company.

ELECTRON TUBE SPECIALIST

2 Cirrle R nn reader <ervice card

People

Harper Q. North, newly elected
president of the Electronic In-
dustries Association, pioneered in
semiconductor
technology. He
received  his
doctorate in
physics from
the University
of California at
Los Angeles in
1947. the vear
before the tran-
sistor was introduced. His interest
in the new field led him. in 1949, to
the Hughes Aircraft Co. where he
initiated work on semiconductors.
In 1954 he founded Pacific Semi-
conductors Inc., a subsidiary of
Thompson Ramo Wooldridge Inc.,
and served as its president until
1961 when he was named board
chairman of TRV Electronics Inc.
Since 1962, he has been vice presi-
dent of TR, responsible for co-
ordinating all research and devel-
opment. Away from the office, he
shares his 12- -ycar-old son’s en-
thusiasm for baseball and occa-
sionally  helps  his  16-year-old
danghter with chemistry.

John S. Sayer, vice president of the
Auerbach Corp., is the principal
investigator in a study of the use
of scientific and .
technical infor- £
mation being \
conducted for Al

the Department "w
of Detense. . e
Sayer plans to - S
interview 1,500

of the 36,000 ‘V(h
technical em-

ployees of the armed services, to
learn the type and use of data ac-
quired by them. The information
will then be analyzed to discover
how effectively technical data is
being used in research, develop-
ment and engineering. Before join-
ing Auerbach, Sayer was the ex-
ecutive vice president and gen-
eral manager of Documentation,
Inc.,, where he directed informa-
tion processing. Previously, at
E.I. duPont deNemours & Co., he
headed development of critical
path method scheduling.

Electronics | July 27, 1964



How small can a pin be?

It can be within a mere few thousandths of an
inch of the outside diameter of the wire insulation.
Or even less. That's the way we engineer our
A-MP* Taper Pins.

Anywhere the wire fits, our pins fit. That’s the
kind of density that gives you the extra design
space you need.

With nominal retention strength of 25 pounds,
our taper pins assure peak mechanical and elec-
trical characteristics. Even when subjected to
temperature cycling of —85° F to +500° F, and
being vibrated at 150 cps, 20 g accelerations,
these taper pins hold fast. And they become
better with age—joint resistance decreases, while
joint disengagement forces increase. Combine
this with a taper design that makes pins self-
cleaning and self-locking and you’ve got reliable
performance under the toughest conditions.

Want further assurance? Check these features:

Our matched crimping tools eliminate cold
solder joints, burnt and brittle insulation

Automatic application for lowest installed cost

Electronics  July 27, 1964

Pre-insulation prevents flash-over and possible
shorting

One piece solid molded blocks and two piece
for customer assembly

Standard configurations, 10, 20 and 30 cavities

So why look further? We have the most complete
line of taper products in the industry. Pins
stamped and formed, uninsulated and insulation
piercing types, screw machine with insulation
support and pre-insulated types. Plus all kinds of
companion items, such as vertical entrance
blocks, taper bus bar and taper tab blocks. Write
today for complete information.

#Trademark of AMP INCORPORATED

=l = —— —ual s 3
: I INDUSTRIAL :
| | SALES |
| INCORPORATED | yson |
I Harrisburg, Pennsylvania ! JI

A-MP* products and i ing istance are ilable through subsidiary ies in:
Australia ¢ Canada e England o France » Holland o Italy e Japan e Mexico ¢ West Germany

Circle 9 on reader service card
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New from Sprague!

FILMITE K
POLYCARBONATE FILM
CAPACITORS

COMPARE!

The tubular polycarbonate film
capacitor and the rectangular
oil-impregnated paper
-capacitor are both rated
10 pF, 100 VAC, 400 cycles.

® More than 13 times smalier than
paper capacitors of equivalent rating.

® Unusually high capacitance stabil-
ity over entire temperature range.

e Low dissipation factor extremely
desirable where high current capabil-
ities are required.

e Low dielectric absorption over a
broad frequency/temperature spectrum.
e Extremely high insulation resistance
— superior to many commonly-used
film diclectrics.

e Capacitance tolerances to =0.25%.
e For critical applications such as
tuncd circuits, analog computers, digi-
tal circuits, ctc.

For complete technical data, write for
Engineering Bulletins 2700 and 2705 to
Technical Literature Service, Sprague
Electric Company, 35 Marshall Street,
North Adams, Massachusetts.

SPRAGUE

THE MARK OF RELIABILITY

'Sprague’ and '@' are registerea trademarks of the Sprague Etectric Co.
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Meetings

Research Conference on
Instrumentation Science, ISA; William
Smith College, Geneva, N.Y., Aug. 3-7.

UAIDE Annual Meeting, Users of
Automatic Information Display
Equipment; International Hotel,
Sepulveda and Century Blvds.,
Los Angeles, Aug. 12-14.

Quantification of Human Performance
Symposium and Workshop, University
of New Mexico, EIA M-5.7,
Subcommittee on Human Factors;
University of Mexico,

Albuquerque, N.M., Aug. 17-19.

Symposium of Ultra Low Frequency
Electromagnetic Fields, NBS Central
Radio Propagation Lab. and National
Center of Atmospheric Research;
Boulder Laboratories,

Boulder, Colo., Aug. 17-20.

Electronic Packaging International
Symposium, University of Colorado
Cahners Publishing Co.;

University of Colorado,

Boulder, Colo., Aug. 19-21.

Distributor-Manufacturer-
Representative Conference, WESCON;
Ambassador Hotel,

Los Angeles, Aug. 24.

AIAA/ION Astrodynamics Guidance and
Control Conference, American Institute
of Aeronautics and Astronautics,
Institute of Navigation; University of
California, Los Angeles, Aug. 24-26,

As_aciation for Computing
Machinery Annual Conference,
ACM; Sheraton Hotel
Philadelphia, Aug. 25-27.

WESCON 1964, 6th Region IEEE and
Western Electronic Manufacturers
Assoc.; Los Angeles Sports Arena and
Hollywood Park, Los Angeles,

Aug. 25-28.

International Conference on
Microwaves, Circuit Theory and
Information Theory, Inst. Electrical
Comm. Engrs. of Japan: Akasaka
Prince Hotel, Tokyo, Sept. 7-11.

International Exhibition of Industrial
Electronics, Swiss Industries Fair;
Basel, Switzerland, Sept. 7-11.

International Convention on Military
Electronics (MIL-E-CON-8), IEEE;
Shoreham Hotel, Washington,

Sept. 14-16.

Operations Research Society
Annual International Meeting,
Western Section of ORSA, ORSJ,
University of Hawaii;

Sheraton Meeting House and
Princess Kaiulani Hotel, Waikiki,
Honolulu, Sept. 14-18.

Ceramic-To-Metal Session, American
Ceramic Society, Philadelphia,
Sept. 17.

Annual Northwest Computing
Conference, Northwest Computing
Association, University of Washington
Computing Center; University of
Washington, Seattle, Wash.

Sept. 17-18.

Engineering Management Annual
Conference, IEEE-ASME; Pick-Carter
Hotel, Cleveland, Sept. 17-18.

AlAA Military Aircraft Systems and
Technology Meeting (Secret), AlAA,
USAF, and BuWeps; NASA-Langley
Research Center, Va., Sept. 21-23.

Professional Technical Group on
Antennas and Propagation International
Symposium, PTGAP/IEEE; International
Hotel, John F. Kennedy International
Airport, N.Y., Sept. 22-24.

Annual Communications Conference,
Cedar Rapids Section of {EEE:

Hotel Roosevelt,

Cedar Rapids, lowa, Sept. 25-26.

Canadian IEEE Communications
Symposium, Canadian Region IEEE;
Queen Elizabeth Hotel, Montreal,
Sept. 25-26.

Call for papers

Allerton Conference on Circuit and
System Theory, University of Illi-
nois, CTG/IEEE: Allerton House.
Conference Center of University of
Illinois, Monticello, IHinois. Sept.
28-30. August 15 is deadline for
submitting 100 word abstract to
W. R. Perkins, Dept. of Electrical
Enginecring, University of Illinois,

Urbana, Ill.

Tri-Service Conference on Electro-
magnetic Compatibility, U. S.
Army, Navy, Air Force: Museum
of Scicnce and Industry and INinois
Institute of Technology. Chicago,
Nov. 17-19. August 15 is deadline
for submitting 150 word abstract to
IIT Research Institute, 10 W. 33th
St., Chicago. Papers arc invited on
interference prediction, equipment
design, instrumentation. measure-
ment techniques, interference re-
duction measurements. etc.
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Package Deal

Do you ship regularly to many custom-
ers in or around distant cities? Flying
Tigers now has a new plan that combines
the low cost of surface parcel post with
the speed and convenience of airfreight.

All you do is consolidate your surface
parcel post shipments for a single general
area of the country into one shipment.
You address and pre-meter each package
at the applicable zone rate within the des-
tination area. Flying Tigers then flies the
consolidated shipment at special bulk

rates to a major post office in the desti-
nation area. Parcels are distributed by
surface parcel post to your customers.

This Flying Tigers’ service can keep
you competitive in markets where you
have neither a warehouse nor inventory. It
can even save you money over straight
surface parcel post, and will help you
reach new markets.

Have your Flying Tigers man explain all
the details of this package deal. We think
you'll buy it.

first in airfreight with airfreight first I-I-)’I I ‘I .7. I_I l.':' 15 I-:' I- I I ‘I I:-




Hewlett-Packard sweepers that demand comparison «..
in the complete hp 690 Series Sweep Oscillators.

Designed with you in mind
...that's why the hp 690
sweep oscillators offer a to G c

unique combination of fea-
tures to simplify and increase the dependability of your meas-

BRIEF SPECS—NEW LOW PRICES

POWER ACCURACY
FREQUENCY | (maximum leveled (center urements. Now these user-designed features are available to

MODEL (gec) across band) frequency) PRICE 40 gc. The “‘extras” (not duplicated in other similar instru-
691B 1.2 at least 60 mw +10 mc $3550* ments) range from exclusive PIN diode leveling and modula-
692B 2-4 atleast40mw | =10mc | $3350* tion to such convenience exclusives as easy x-y recording

HO1-692B 1742 atleast 15mw | =10 mc | $3650% capability, outstanding marker visibility; and the instrument,
693B 4-8 atleast 15mw | =20 mc | $3350° only 8%” high, fits right into your test stand.

HO1-693B 3.7-83 at least 5 mw *+20 me $3650* .
694B 8124 | atleast 10mw | =30mc | $3450° Multiple Sweep Modes

HO1-694B 7-12.4 at least 5 mw +40 mc $3750* Independent sweep modes for unparalleled versatility:
695A 12418 atleast 10mw | =1% | $3500 Start-Stop Sweep: Set end points anywhere in the frequency
696A 18-26.5 | atleast 10 mw *1% $4500 | range on slide rule scale. Sweep up or down just by pushing
697A 26.5-40 at least 5 mw 1% | $6500 the Start-Stop button. Markers appear on rf output.

Option O1: internal leveling, 691B/692B, $325;
693B, $375; 694B, $400 extra.

*GRID-LEVELED ‘‘A"’ MODELS NOW $350 LESS.

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

19 Clarntranicrc | luh, 27 1Q&A



...compare the details with

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

Delta F Sweep: A symmetrical sweep about a center frequency
...useful for calibrating narrow band devices. Just press the
A F button, and get the industry’s only accurately-calibrated
narrow sweeps.

Manual Sweep: The 690's are the only sweepers offering Man-
ual Sweep for detailed investigation of a localized area. For
x-y recording tedious setup time becomes a thing of the past.

Sweep Speeds
With Sweep Selector in Automatic, the 690's provide recurrent
sweeps, continuously adjustable in 4 ranges, 0.01 to 100
seconds. Or you can sync the sweep with line frequency.

For scope presentation, output power, on except during re-
trace, offers a zero baseline and eliminates transients at the
start of a sweep. Automatic pen lift circuit on two slowest
speeds permits easy x-y recorder use. Sweep voltages for both
scope and recorder are provided concurrent with swept rf.

Modulation, Leveling

Pushbutton selection is standard for external AM or FM or
internal square wave modulation, 950-1050 cps. PIN diode
modulators are offered in the more popular ‘‘B” modeis. By

1
__._rzé—_—iL _ 2 ==

flexible sweep functions
highest available accuracy
today’s easiest operation

HEWLETT
PACKARD

L

-~
-

!
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any and all other sweepers!

absorbing rf in response to the modulating signal they end
frequency pulling and other troublesome effects associated
with BWO grid modulation.

Two leveling options are offered: external closed loop, which
eliminates transmission line problems and delivers leveled
power where you need it,or internal leveling for less critical ap-
plications. Maximum usefulness of leveling capabilities is dem-
onstrated in your ability to use reflectometer techniques with-
out the conventional ratiometer. For more information on
ratio-meterless reflectometry write for Application Note #61.

Models listed in the chart include three standard extended-
range instruments for special but popular applications. ‘A"
models differ from “‘B’’ models only in the elimination of the
PIN modulators, slightly increased power output and lower
price. Other models with special ranges are available for nar:
row sweeps or different frequency breaks. All tubes have 2500
hour warranty through 18 gc. The specified accuracy of each
model in the 690 Series covers all sweeps, plus rf output in
CW mode.

You'll want to put all the capabilities of the hp 690 Series
Sweep Oscillators to a rigorous test on your bench. Call your
Hewlett-Packard field engineer. He'll make it possible. Or write
Hewlett-Packard Company, Palo Aito, California 94304, Tel.
(415) 326-7000; Europe: 54 Route des Acacias, Geneva; Can-
ada: 8270 Mayrand St., Montreal.
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PLANAR: A PATENTED FAIRCHILO PROCESS

EW! SILICON
PLANAR IENERS

Fairchild introduces a unique line of

GENERAL PURPOSE LENERS M- CR REFERENCE DIODES
6.2V to 33.0V - *Multi-Current Range

Low impedance ® LowTC: from 1mA to 15mA
Wide operating current range
Low leakage: 200nA (@ 3.0V, 25°C max

Low Ieakqge at voltages High reliability — Silicon Planar
approaching breakdown level single-chip construction

Silicon Planar Reliability ' ® Lowimpedance: 10 ohms

This unique new Fairchitd family of Multi-Current

Range reference diodes offers the engineer new de-

sign freedom. The broad operating current range

! allows the designer to select a device which meets

REFERENCE ASSEMB”ES . specific circuit requirements — rather than design a
circuit around available device characteristics. Low,

5 nearly constant TC allows a single off-the-shelf

@ Wide variety of operating 4 Fairchild M-CR type to meet many different design
requirements. Also, current supply amplitude is no

voltage ranges longer a critical design factor.

Low voltage tolerance

Low dynamic impedance

Low leakage near breakdown voltage 100‘LA REFERENCE DlODES
Variety of packages ® Low TCover wide temperature range

Fairchild temperature compensated voltage reference ® Low dynamic impedance at 100,:A

elements provide a wide variety of reference voltages @ Low leakage at biases approaching
with the advantages of reduced instaliation time and f It
yhchalit - s b rererence voltage

cost, reduced space. and simplified circuit design. j o .

Packaged in T0-18, T0-5 or custom epoxy packages, These single-chip Silicon Planar devices are temper-

they also offer high thermal and shock resistance. ature compensated voltage reference elements
[ especially designed for applications in which avail-

able power is limited.

IMMEDIATELY AVAILABLE FROM DISTRIBUTORS & STOCKING REPRESENTATIVES
AVNET Townlo Canada, 789-2621 BOHMAN Orlando. Fla., 425-8611 CRAMER ELECTRONICS Newton, Mass., WO 9.7700 DART SALES Clarence, N.Y., 874-1212; Syracuse,
N Y, GL 4-9257 DENNY-HAMILTON San Diego, Cal., 279- 2421 EASTERN SEMICONDUCTOR Syracuse, N Y., 454 9247 E C. ELECTRONIC SALES Mlnneapolls Minn., 888.0102
ENSCO Cedar Rapids, la., 366-1591; Wichita, Kan., MUJJ751 Kansas City, Mo.. EM 19600, St. Lows, Mo., 'PA 62233 HAMILTON Phoenix, Ariz., 272-2601; Culver Clly Cal.,
870-0236: Palo Alto, Cal., 321.7541; Seattle, Wash., 282.3836" HYER Englewood, Colo. 761.0754; Albuquerque, N. Mex., 268-6744; Sait Lake City, Ulah 322/5849 MARSHALL
S:ollsdale Ariz., 946. 276 San Marino, Cal., MU 1. 3292; San Oiego. Cal., BR 8.6350; Redwood City, Cal., EM 6.8214 NORVELL Dalias, Tex., FL 7-6451; Houston, Tex.

0 5.0558 POWELL Beltsville, Md.. 474-1030; Philadelphia, Pa., 724-1900 SCHLEY Watertown, Mass., WA 6.0235 SCHWEBER Westbury, L.I., N. V ED 4-7474 SEMICON:
DUCTOR SPECIALISTS Chicago, Ili., 622-8860; Minneapols, Minn., UN 6.3435 SHERIOAN Cincinnali, Ohio, 761.5432; Cleveland, Ohio, 884.2001; Dayton. Ohio, 277.8911
SOLID STATE Chicago (11., 889 8033 STANDARD Buffalo, N.Y,, 1T 3-5000 TAYLOR Baldwin, L. 1., N.Y., BA 3-8000 TEC-SEL Huntsv:lle Ala..534.7304  VALLEY Winter Park,
Fia., 647.1216; Baltimore, Md., NO 8-4900: Cherey Hill, N.),, NO 2.9337,

FACTORY SALES OFFICES

HUNTSVILLE, ALA. §36.4428, 4429 SCOTTSDALE, ARIZ. 946.6538 PALO ALTO, CAL, 321-8780 SHERMAN DAKS, CAL. TR 2.1380: ST8.8701 ENGLEWOOD, COLO. 761.1735
ORLANDO, FLA. clesss OAK PARK, ILL. VI 8.5885 COLLEGE PARK, MD. 779.6868 BEOFORO, MASS. 275-8450 MINNEAPOLIS, MINN. UN 6-3301 ~ENOWELL, N.Y.
754 2600 JERICHO, N.Y. ED 48500 POUGHKEEPSIE, N.Y. 454.7350 SYRACUSE, N.Y. GR 2.3391 OAYTON, OHIO 228-1111 JENKINTOWN, PENN. TU 6.6623
SEATTLE, WASH, I\T25344 CANADA OFFICE : TORONTO, ONTARIO 782.9230.
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—~ = B -

L R ——

FAIRCHIL D
- e ——(
SEMICONDUCTOR

F/P-6364-A

general purpose Lener and reference diodes

FAIRCHILD SEMICONOUCTOR/A DI /15:Q0 OF FAIRCHILD CAMERA ANO INSTRUMENT CORPORATION/313 FAIRCHILO DR., MOUNTAIN VIEW, CALIF, 962.5011 'T'4X: 910.379-6435



Editorial

Commercial
road for
electronics

Electronics | July 27 1964

To diversify or not to diversify? That’s the burning question for many
suppliers of military electronics.

For those who realize that the answer is “yes” but wonder how
to go about it, a measurc of help is coming. The Research Institute of the
Illinois Institute of Technology, together with Electronics magazine,
will sponsor a conference Dec. 1 and 2 in Chicago on “The commercial
road for electronics”. More on this later.

For those who haven’t vet decided that they should diversify
the arguments continue to pile up on the affirmative side. In mid July,
Business Weck magazine (July 18) estimated that military procurement
would continue to decline 4% a vear for the next five vears. That’s a
total slash of close to 13% from current levels, which are already
making some clectronics companies unhappy—currently military
procurement is off $1.8 hillion.

If suppliers are to replace this sales volume, it’s clear that
they’ll have to find other markets.

On the other hand, some military suppliers are so used to doing
business with the government that they don’t know how to get started
in other markets. They don’t know how to develop commercial products,
how to manufacture them. or how to market them.

Early in July, the American Management Association held a conference
to investigate conversion of military industry and featured some
speakers from the Pentagon. Most of the attendees’ purpose in coming
seemed to be to find out whether any military contracts were up for
grabs. They wouldn’t even listen to urgings that they start making
plans to diversify.

Obviously, management that won’t even listen to talk about
diversification isn’t going to diversify. You can preach until your are
blue in the face about responsibility to emplovees, the community or
national cconomy. but they won’t budge.

We feel strongly that suppliers of military electronics should diversify
as fast as is consistent with good business practice.

The clectronics industry can never be strong as long as it is built
on the shifting sands of government procurement. Companies cannot
plan their product planning. their engineering or their production
as long as their businesses can be wiped out by a whim of a
bureaucrat or of Congress.

For a company that does want to diversify, the big question
is, “How?"”

There are many pitfalls for the company and for the individual. Is it
possible to retrain an engineer who has spent all of his professional life
working on military projects? Can such an engineer—accustomed to
complex solutions, damn-the-cost engineering. and way-out-technology
thinking—convert to simple, straightforward engineering that uses
inexpensive, reliable components and touches advanced technology
sparingly?

There are no answers yet. But the December conference may offer
a few.

Conference speakers will not discuss whether to diversify. They’ll be
operating on the assumption that listeners want to diversify and are
anxious to learn how. There will be four sessions: product planning.
engineering, manufacturing and marketing. All will present information
of the how-to type.

For example. in the session on product planning. one speaker will
compare product planning for military business with product planning
for commercial markets. Others will discuss how to plan in
consumer, industrial and nedical clectronics.

As plans for the conference crystallize we’ll keep you informed.
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These silicon planar transistors
are under a quarter®

AMPLIFIER APPLICATIONS

‘SWITCHING APPLICATIONS’

0.1
Cartridge copacitonce: __L_ o
1,000 to 10,000 pt =

.006
2K 2K
2N2926

2N2926
Al dividers
identical
to first divider

Phano Preamp far Ceramic Cartridge
{Velocity Response - RIAA Equalization)

Master Oscillotor and Frequency Dividers

Type 2N2926 offers 2 to 1 beta spread, tight parameter control, high reliability

The new G-E 2N2926 is a planar passivated, high perform-
ance, high value silicon transistor made possible by advanced
manufacturing techniques, highly reliable encapsulation,
and utilization of the full-line distribution of h,.

The 2N2926 is a type provided in 5 beta categories, each
with a 2-1 beta spread. Each beta category is color coded,
and the per cent of the total order shipped in each category
is set.

The 2N2926 is only one of the growing number of
types in our ‘‘Economy Line'’ of transistors. Millions of units
in use in the field for over two years have proven them
rugged and reliable. They are probably the toughest transis-
tors made today.

Find out how you can enjoy high performance with real
savings by designing equipment utilizing all 2N2926 beta
categories in proportions compatible with this *full line
distribution’” type. See your General Electric District Sales
Manager, or write Section1eGiesr, Semiconductor Products
Department, General Electric Company, Electronics Park,
Syracuse. New York. In Canada: Canadian General Electric,

16 Circle 16 on reader service card

189 Dufferin Street, Toronto, Ont. Export: International
General Electric, 159 Madison Avenue, New York, 16 N. Y.
*22¢ in 100,000 quantities; 24¢ in 10,000 quantities.

2N2926 ABSOLUTE MAXIMUM RATINGS (25°C)
Voltages

Collector to Emitter Vceo 18 \

Emitter to Base Veso 5 Vv

Collector to Base Vceo 18 \
Current

Collector (Steady State)* le 100 ma
Dissipation

Total Power (Free air at 25°C)** Pr 200 mw

Total Power (Free air at 55°C)*“* Pr 120 mw
Temperature

Storage Tste  —30 to +125°C

Operating Ty +100°C

“Determined from power limitations due to saturation voltage
at this current.

°*2D§Jéte 2.67 mw/°C increase in ambient temperature above

GENERAL @D ELECTRIC
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Around-the-world
missile project dies

Three computers
run steel mill

Flatpack standards
are nearly ready

Electronics Newsletter

July 27, 1964

Scratch another missile project. Project Pluto, the Air Force-Atomic
Energy Commission program for a nuclear ramjet engine, is dead. Pluto
was intended to develop a unique missile capable of around-the-world
flight at speeds up to 2,000 miles an hour. To avoid radar detection, the
missile would have flown to its targets at low altitudes and, presumably,
been guided by terrain-following radar and other advanced electronics
systems.

The AEC on July 13 ordered its Livermore, Calif., lab to close down
the reactor development and test effort, “because of a lack of a firm
military requirement” for the missile. The end came when Defense
Secretary Robert S. McNamara vetoed the recommendation of a Depart-
ment of Defense review group for a minimum flight-test program. The
Pentagon wouldn’t pay for flight tests. As of July 20, McNamara hadn’t
ordered contractors to stop work, but he was expected to do so at any
moment. Contractors are Ling-Temco-Vought, Inc., for the airframe, and
the Marquardt Corp., for the engine.

Since 1956, the AEC and the Air Force had spent some $200 million on
the program. Ling-Temco-Vought’s latest contract involved $12 million
for the year ending September 30.

The most sophisticated computer network for production control is now
operating on-line at the Park Gate Iron & Steel Co., Rotherham, England.
The network links three digital computers supplied by English Electric-
Leo Computer Ltd. One computer controls the others to produce steel
products tailored to the customers’ specifications. The system is part of
an $88-million facilities development that will step up plant output from
425,000 to 800,000 ingot tons a year.

The English Electric Ltd.’s Metals Industries division coordinated all
the electronic systems. The control system includes three KDN2 com-
puters, two with 8,192-word memories and one with a 4,096-word
memory. Cathode-ray-tube tabular displays for operator information
were supplied by Marconi Ltd. and a solid-state voice communications
system was supplied by Marconi International Marine Ltd.

One computer directs over-all plant operations from orders to finished
steel. The second is an on-line unit that controls reheating the steel
billets and forming and cooling them. The third controls the flying shear
that cuts the steel to the ordered length. A major advantage of inter-
connecting the computer operations is reduction of waste in the cutting
stage.

After almost a year of work, the Electronic Industries Association’s
microcircuit applications committee is about ready to propose an industry
standard for microcircuit packages.

The committee is expected to propose a series of packages ranging in
body area from 3/8 inch square down to 3/16 inch by 1/4 inch, with a
total of 10 to 16 leads on two opposing sides. The standard may be
refined further to specify the dimensions between usable lead areas

instead of body size.
Still undetermined is whether the committee will also propose a series
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lon propulsion
works in space

Tropo conquers
a mountain

GE gets computer
allies in Europe

Sylvania sells its
twt production line

18

Electronics Newsletter

of flatpacks, 14 inch square to 34 inch square, with a total of 12 to 24
leads on all four sides.

The National Aeronautics and Space Administration operated an ion-
propulsion engine in space on July 20. It was the first announcement of a
successful test flight of an jon engine. The Air Force tried one, unsuc-
cessfully, at least 20 months ago [Electronics, Dec. 28, 1962, p. 8].

The test proved that the ion stream can be neutralized with electrons
after it passes accelerator electrodes. The ions did not flow backward
and reduce thrust. Nor did spurious radio-frequency signals swamp
the command system.

Two small ion engines were sent aloft on a rocket. One, built by
NASA’s Lewis Research Center, was turned on and off several times. The
other, built by the Hughes Aircraft Co., failed to operate, apparently
because of short circuits in its power supply.

Similar small battery-powered ion engines can be used to adjust
positions of satellites. Large systems, with nuclear-electric power
sources, could make satellites maneuverable and propel interplanetary-
range spacecraft. The first test of a nuclear-powered ion engine will be
made early in 1965 by the Air Force. Electro-Optical Systems, Inc., is
developing the engine.

The 128-mile Philippine radio link between Manila and Baler, terminus
of the new Pacific telephone cable, will be a series of microwave hops
and one unusual 78-mile tropo circuit. To span the mountains in the
path, Radio Engineering Laboratories, Inc. will supply to General Tele-
phone & Electronics International, Inc., a I-kilowatt, 2 gigacycle tropo
system that will be beamed at the ridge and diffracted over it.

The General Electric Co. has now carved a foothold for its computer
business in all three major European market areas. It has just reached a
manufacturing and design licensing agreement with Associated Elec-
trical Industries Ltd. Associated will make and sell the GE/PAC 4000
computer in England.

Allgemeine Elektricitats-Gesellschaft will be supplied with GE 412
computers for installation in German steel plants. In France, General
Electric is negotiating a deal to buy into La Compagnie des Machines
Bull [Electronics, May 4, 1964, p. 36].

One of the new, and unexpected, results of I'affaire Bull is the forma-
tion of a joint subsidiary by two French electronic giants. DeGaulle’s
government had asked the Compagnie Generale d’Electricite and Com-
pagnie Generale de Telegraphie sans Fil to save Bull’s slipping computer
business. Then although neither company had been very active in com-
puters before, they put together a subsidiary that will concern itself
with computers and industrial electronics equipment.

Sylvania Electric Products Inc., is getting out of the traveling-wave-tube
business. The company, a subsidiary of General Telephone & Electronics
Corp., is selling its twt operation in Mountain View, Calif., to the
Microwave Electronics Corp., of Palo Alto. Sylvania will continue its
klystron production and its other microwave tube lines produced at
Williamsport, Pa.

Electronics | July 27, 1964
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Unitrode
trouble spots

That’'s
reliability!

(1) Void in conventional diode becomes contaminated

by trapped impurities, degrading diode characteristics.
Unitrode® diodes have no void — the silicon dice is
high-temperature bonded directly between the terminal
pins, and hard glass is fused to all exposed silicon.
Electrical performance is fixed, permanently. And because
they’re simpler, Unitrodes are smaller . . . in fact,

this small: -

(2) Whisker can be burned out by surges, and contacts
broken by vibration. Unitrodes have no whisker — their
broad contact surfaces withstand continuous 10-watt
power overloads, thermal shock and cycling

from —195°C to + 300°C.

(3) Exposed silicon dice can easily be tipped, cracked or
contaminated in assembly. The Unitrode dice —
sandwiched between terminal pins and sealed in

hard glass — is practically invulnerable,

(4) Delicate construction increases chances of faulty
assembly — loose solder balls, double whiskers, flaking
gold, defective glass seal, distorted elements. One-piece
Unitrodes are so simplified, trouble-free and rugged that
characteristic readings do not change through all
MIL-S-19500 environmental testing . . . and performance
will not deteriorate throughout a long service life.

This kind of reliability has to cost a little more — but it's
essential for electronic packages that require all the
performance possible in the smallest space. Allow our
representative a few minutes to demonstrate the entire
Unitrode line of diffused 3-ampere silicon diodes,

fast switching rectifiers, 3-watt zeners, high voltage
stacks and bridge assemblies, and ask him for the
Unitrode Reliability Manual. Just write or call . . .
UNITRODE CORPORATION, 580 Pleasant Street,
Watertown, Massachusetts 02172, Tel: (617) 926-0404,
TWX: (617) 924-5857.

e UNITRODE

Electronics | July 27, 1964
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Our first Microglass diode customer
came in a helicopter

The MICROGLASS diode was still secret. But somehow word leaked out.

So, lo and behold, one sunny morning a helicopter landed at our front door.
Out popped our first customer —eager for more information.

He was sworn to secrecy. And given the MICROGLASS story.

There was only one thing that we couldn't then provide: life test data. But
now we can. Today MICROGLASS diodes have successfully completed sev-
eral thousand hours on extended life tests under military standard conditions.

Write for further information: Hughes Semiconductor ¥
Division, 500 Superior Ave., Newport Beach, Califor- | HUGHES |
nia. Or just phone. You needn't come in a helicopter. L J

HUGHES AIRCRAFT COMPANY
SEMICONDUCTOR DIVISION
NEWPORT BEACH, CALIFORNIA

Electronics ' July 27, 1964



PRIMARY ELECTRICAL CHARACTERISTICS

. S =S
STANDARD Min. Bv MIN. FORWARD MAX. REVERSE CURRENT MAX. CAP REVERSE RECOVERY AND CONDITION Max. Time
HUGHES @ 100:A CURRENT @ IV | @25c| @150C | @v | @0Volts 0o Va IRec Ckt (nsec)
[UEES (volts) (mA) (uA) (#A) | (volts) (f) (mA) (volts) (mA) -
9001 100 100 .025 100 20 3 10 6V 1 S-S 2
9002 100 30 .025 100 20 2 10 6V 1 S-S 2
9003 75@5uA 200 .050 100 50 2 10 6V 1 S-S 2
9004 75@5uA 100 .050 100 50 2 10 6V 1 S-S 2
9005 75@5uA 20 .050 100 50 2 10 6V 1 S-S 2
9006 50@5uA 300 100 100 40 3 10 ev 1 5 2
9007 50@5uA 200 100 100 40 2 10 6V 1 S-S 2
9008 50 @5uA 100 .100 100 40 2 10 6V 1 S-S 2
9009 50@5uA 20 100 100 40 2 10 6V 1 S-S 2
9010 30@5uA 10 .100 100 20 3 10 6V 1 S-S 2 1
# Additional Reverse Recovery Parameters Which are Guaranteed are: Conditions fr= Iz from 10mA to 200mA Recovery Current = .111 Recovery Time < 4 nsec
1 Silver Clad Silver Ribbon .
DESIGN CAPABILITIES: DO-7 Nickel Leads e Nored Rivet Pellet
Power Dissipation (mW) 250 500 500 150 500 500
Average Rectified Forward Current (mA) 75 150 150 75 150 150
Forward Surge 1 sec (amps) o) 1.0 1.0 5 1.0 1.0
Forward Surge 1 sec (amps) 2.0 4.0 4.0 2.0 4.0 4.0
Temperature, Storage . —-65 Cto 200 C
Temperature, Operating (ambient) 65 C to 200 C
Temperature, Cycling (—-65 C to 200 C)
S— Method 1052 MIL.STD-750 24 Cycles
S ERs. _ | Constant Acceleration. Method 2006
R~ MIL.STD.750 30,000g
Shock. Method 2016 (1.5 msec)
MIL-STD-750 1.000g
Shock. Method 2016 (.5 msec)
MIL.STD-750 1.500g
Shock, Thermal (—65 to 200 C instant
Transfer) 5 cycles — 1 minute dwell 5 Cycles
Vibration. (100 to 2.000 cps) 30
Method 2056 MIL-STD-750 =
Vibration. Fatigue (60 cps) 20g
Method 2046 MIL-STD-750
Hermet:c Seal Test ‘Dye Bomb 100 PSi) |=— 24 Hours
Ead Tension. Method 2036 _ = —
MIL.STD-750 1 10 Ibs 10 Ibs
NOTE: Glass-Ambient Junction Diodes have exceeded the operating and storage life test conditions of
MIL S 19500/116A and MIL S 19500/144
1,000 hrs Operating Life | 50mA LTPD 10
1,000 hrs Storage Life =200°C LTPD 10

MICROGLASS diodes are .065” round x .050” long. Leaded versions: silver and nickel leads are .020” round
x 1.36” long, ribbon leads are .025” x .003” x 0.70”.
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DIGITAL MODULES are avail-
able from stock in two sets
of fully compatible resistor-
transistor logic circuitry—for
bit rates up to 200 kc; for bit
rates to 1 Mc. More than a
dozen types include: 4-input
NOR e« Counter Shift Regis-
ter « Power Inverter « Emitter
Follower « Complementary
Driver » Differential « Filter
{Decoupler)

How’s this for digital density!

Compact new logic modules combine
fexibility, reliability and economy

Radiation Logic Modules can be used
in any configuration, type or number
compatible with your digital system re-
quirements. They can be mounted in
vertical or horizontal drawers, in stand-
ard 19” racks, or on breadboards. ..
fixed or removable. Because of their
compact modular construction, pack-
aging densities up to 137 modules per
inch of panel height can be achieved
in standard racks, There's no need for
design compromise.

RELIABILITY Superior engineering
and rigid component selection assure
highest reliability: based on extensive
tests, MTBF for low-speed NOR Mod-
ules exceeds 2,940,000 hours! The units
are also packaged for rugged use. Con-
structed of welded circuitry molded in
epoxy and mounted with high-density
module connectors on cast aluminum
frames. The resulting positive-contact
units measure only 0.4 x 17 x 1.1” with
a 0.25” pin protrusion.

22 Circle 22 on reader service card

ECONOMY Each module represents a
fraction of the entire digital system.
Each is designed for easy interrogation.
Change or replacement is as simple as
plugging in another unit. Thus, expen-
sive downtime is reduced, costly bench-
work completely climinated.

APPLICATIONS ASSISTANCE
Radiation offers the services of its en-
gineering staff in the application of
di{l.z,ital logic modules, or in helping
solve your unique data problems. Write
or phone for technical data sheets.
Radiation Incorporated, Products Divi-
sion, Department EL-07, Melbourne,
Florida. Telephone: (305) 723-1511.

-3
- RADIATION

Ll INCORPORATED

PRICE LIST-DIGITAL MODULES

Part Number Description Unit Price
503815G1 NOR—Medium Speed $ 10.38
503816G1 NOR—Low Speed 6.40
503818G1 Power Inverter—Low Speed 5.95
503818G2 Power Inverter—

Medium Speed 10.69
503819G1 CSR—Low Speed 8.82
503819G2 CSR—Medium Speed 11.66
503819G3 CSR—Medium Speed 37.65
503820G1 MSMV “B'" Side 7.74
503821G1 Diff (MSMV A" Side) 9.68
503834G1 Filter (Decoupler) 7.55
503860G1 Compl. Driver—Low Speed 12.55
505694G1 Diode Gate 11.40
505703G1 D/A Converter 14.20
505704G1 Indicator Driver 14.15
506030G1 CSR-M1 21.20
507318G1 Emitter Follower—Low Speed 7.29
507318G2 Emitter Follower—

Medium Speed 12.11
508334G1-G8 Octal Patch 4.20
508335G1-G2 Jumper Patch 4.84
508367G1 5 Volt Reference 196.20
508517G1 Modute, Special Component 13.62
509050G1 Indicator Driver (Negative

Coincident Input) 15.15

Specifications and prices subject to change with.
out notice due to technological advances. Delivery,
discount schedules and additional pricing informa-
tion available upon request.
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Chatham Power Supplies and Frequency
Changers for instrument and systems appli-
cations are custom-designed with a back-
ground of sophisticated experience in the
development of ground support equipment.
Chatham can deliver the total power supply
requirements of any customer, with param-
eters, circuit requirements and configuration
tailored to any set of conditions. Performance

SOME WE BUILD

TO FLY

THESE
STAY
ONTHE
GROUND

Exposed view shows
accessibility of components
in the Chatham Model
R24-10R3 GSE highly
regulated, multiple output
power supply

can be held to any commercial requirement,
or as tight as MIL-E-4158, MIL-E-8189 or
MIL-E-16400 and tighter if the need requires.
Design and production capabilities are
backed by Chatham’s environmental, physi-
cal and functional test facilities which are
equalled by only a very few independent test-
ing laboratories. Write for complete technical
information about Chatham Power Supplies.

CHATHAM ELECTRONICS

LIVINGSTON, N, J. TWX: 201-992-7350
DIVISION OF TUNG-SOL ELECTRIC INC.

Electronics | July 27, 1964
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23,000,000 unit hours
reliability of commercial

An extensive testing program has shown that commercial
capacitors of **Mylar’' * are very reliable and readily avail-
able from anumber of suppliers. Capacitors from six man-
ufacturers had a predicted life of 30 million hours between
failures, based on average-size capacitors of **‘Mylar’’ used
in radio and TV circuits.

Du Pont commissioned Inland Testing Laboratories of
Cook Electric Company to conduct the reliability testing.
The purpose of the tests was to answer these questions,
““How reliable are capacitors with '‘Mylar’ as the dielec-
tric?”” and ‘'Are they commercially available?”’

The test involved 3,700 capacitors of varying construc-
tions produced by 15 capacitor manufacturers from two
*Du Pont's registered trademark for its polyester film.

randomly selected lots of *‘Mylar'’, plus 4,000 laboratory-
wound capacitors produced by Du Pont from 14 ran-
domly selected lots of ‘*Mylar’’. Large one-half micro-
farad units were used so that the area of film tested was
equivalent to that of 100,000 tubular capacitors of the
average size typically found in radio and TV circuits.
Twenty-three million unit hours of testing showed that
very reliable capacitors of 'Mylar’’ are commercially avail-
able. Of the commercial units tested, those from six man-
ufacturers had an average failure rate of less than 0.03%
per 1,000 hours, at rated voltage stress, of 800 V DC/mil.
In terms of smaller capacitance units, usually found in
radio and TV circuits, this failure rate can be extrapolated

Electronics | Julv 27. 1964
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Average failure rate of 4 microfarad
units of six manufacturers was less
than 0.03% per 1,000 hours—aimost
equal to the 0.02% rate of the Du Pont
laboratory wound units. A valuable by-
product of this test was spotlighting
effects of other materials which ad-
versely affected performance of some
capacitors. Full details of the test are
available. To get your copy, use cou-
pon below.
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Commercial capacitors on test racks at Inland Testing Laboratories of Cook Electric Company in 23,000,000 unit-hour Du Pont reliability test.

of testing prove the
capacitors of MYLAR"

to 0.003% or 30,000,000 hours between failures. When
a lower voitage stress is used to obtain extra-high re-
liability, the failure rate can be extrapolated to less than
0.0001% per 1,000 hours.

Other significant and interesting results of the test are
included in a comprehensive report which we would like
to send you. It will provide data which can help you use
low-cost, reliable and space-saving capacitors of “‘Mylar’".
For your copy, simpiy mail the coupon at right.

only DU PONT makes

MYLAR’

6.y g, ear OFF

THROUGH CHEMISTRY

POLYESTER FlLMm

BETTER THINGS FOR BETTER LIVING
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__________________________ 1
E. 1. du Pont de Nemours & Company (Inc.) |
Film Department—N 10452 B-22 !
Wilmington, Delaware 19898 :
Please send me the reliability report. I
Name Title :
Company :
Address |
City State Zip I
Potential Application :

__________________________ |
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CLARE stepping & cam
SWITCHES

provide longer service life

greater switching capacity

freedom from maintenance!

Typical Configurations:

A. 20, 26, 40 and 52-point stepping switches

B. 10, 11, 20, 22, 30 and 33-point stepping switches
C. 30, 32 and 36 ratchet-position cam switches

CLARE Stepping and Cam Switches provide millions
of steps with minimum maintenance. They are
capable of handling extremely complex switching,
counting, totalizing, selecting and sequencing
operations. Special wiper configurations, shorting
together all but one point in a level or leaving al-
ternate points unshorted, are availabile.
Mechanical life of Clare Spring-Driven Stepping
Switches ranges from 50,000,000 operations for
switches with from 13 to 16 levels to 280,000,000
operations for from 1 to 4 levels. Cam switches range
from 10,000,000 operations for switches with eight
cams to 30,000,000 operations for two-cam switches.

Electrical and Mechanical Characteristics of Spring Driven
Stepping Switches and Cam Switches

Total Operating Speeds Nominal voltages
Type Points Levels  Points Self- Remote ]y
per Level (max)  (max) Interrupt  impulse Coil resistances
210 10, 20 or 30 12 120
60 steps 30 steps
a 11,22 or 33 12 122 per second per second 6, 12, 24, 48, 60
20 20 or 40 16 480 at nominal at nominal and 110 vdc
voltage; voltage
26— 26,0002 16 h24, 25°C ' with 66%  1.5-600 ohms
200  Up to 8 cams with up to 6 contact “on’ time;
springs per cam and 30, 32 or 36 25°C

steps per revolution

ENCLOSURES: Hermetically-sealed enclosures or dust covers, with solder terminals or plug
connectors, are available for all Ctare Spring-Driven Stepping and Cam Switches.

26 Circle 26 on reader service card

Increased capacity of Clare stepping switches
stems from a design which permits not only more
levels per switch...but more levels in less space.
For instance, the Clare Type 26 switch can provide
twelve 52-point levels within a height of 4-11/16 in.
This is but 11/16 in. higher than a comparable 52-
point switch of eight levels. This compactness often
allows more simplified circuitry when a single
Clare switch can do the job which otherwise might
require a multiple switch assembly.

For Complete Information on Clare Stepping
and Cam Switches « Send for Clare Manual 601

Address: Group 7N6 C. P.
Clare & Co., 3101 Pratt Boule-
vard, Chicago 45, lilinois.
Cable Address: CLARELAY.
In Canada:C. P.Clare Canada
Ltd., 840 Caledonia Road, CLARE
Toronto 19, Ontario. In

Europe: C. P. Clare, Ltd.. 70 ®
Dudden Hill Lane, London
NW 10, England,

Relays and related control components
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Avionics

Instant radar maps

A display tube that will instan-
tancously show what an aircraft’s
side-looking radar sees is being
developed for the Avionies Labo-
ratory at \Wright-Patterson  Air
Force Base, Ohio. The tube is. in
effect, a real-time motion-picture
machine.

Side-looking radar, unlike con-
ventional radar, scans the ground
I'me by line as the plane passes
overhead. This scanning method
produces a strip map with a reso-
lution almost as good as in aerial
photography  [Electronics.  Mar.
22,1963, p. 22].

What the radar sces can be cap-
tured by a movie camera. This is
fine for later analysis, but it isn’t
a real-time display. The radar strip
map can also be synthesized in
real time by a scan converter and
a cathode-ray tube, but this ar-
rangement is bulky, and space in a
military aircraft is at a premium.

Erasable film. The new display
tube, being developed by the Ray-
theon Co., is called a traveling-
image storage tube. It looks like
the blade end of an oar. Inside the
evacuated tube is a belt driven by
a slow-speed vacuum drive. The
belt passes the viewing glass of the
tube at a speed set by the aircraft’s
speed and altitude and by the
pulse-repetition frequency of the
side-looking radanr.

The side of the belt that the ra-
dar operator sees is coated with
a photosensitive material (Scoto-
phox). When this material is swept
by an electron beain containing
the radar video information, a mov-
ing picture of the radar video is
displayed. After the belt moves
past the viewer, infrared light
crases the electron-excited image.

The tube will display five shades
of gray and will be readable even
in broad daylight.
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After slurry is poured into mold,
it will rise like yeasty bread dough.

Packaging

Ceramic that foams

A potting compound that cures at
150" F and then protects electronic
circuitry from temperatures up to
2500° F? It’s true. A ceramic foam
that will do just that has been de-
veloped at the National Aero-
nautics and Space Administration’s
Goddard Space Flight Center in
Greenbelt, Md.

Ceramic foams have been used
before to protect circuits. But al-
most invariably they require high
curing temperatures and must first
be foamed, then shaped to fit
around the circuit. Another alter-
native is filling the package with
tiny ceramic or glass beads.

Because of its low curing tem-
perature, Goddard’s ceramnic com-
position can be poured directly into
the package. It is applied as a
slurry, then foams in place at about
the same rate as yeasty bread
dough. Goddard developed the
foam to protect satellite clectronics
from the heat of nuclear power
sources.

Mixing and curing. Inorganic in-
gredients are used for the slurry.
Typical proportions are: ortho-
phosphoric acid, 31 grams; alumi-
num hydroxide, 30 gm; bentonite,
1 gm; aluminum meta-phosphate,
6.5 gn: silicon dioxide, 1.2 gin; and
metal powder, 0.15 gm.

The dry ingredients are mixed,
then blended slowly with the acid.
Vigorous  stirring  produces a
chemical reaction that creates
water of hydration. changing the
mixture into a slurry.

The slurry is then poured around
the circuit in a mold lubricated
with silicone fluid. It takes about
30 minutes for the compound to
become fully foamed.

If held at a temperature of 85°
C, the compound cures in about
eight hours. Raising the tempera-
ture to 150° C after two hours will
speed the curing.

Varying density. Density of the
foamm can be varied in three ways:

* By varying the amount of
sharry poured into a covered mold.
The cover constrains the foam. The
more slurry used, the smaller the
cell structure will be, raising the
density of the foam.

* By varying the size of the metal
powder. Large particles cause large
bubbles to form, lowering the
density. Cell structure, however, is
irregular.

= By varying the amount of metal
powder.

Porosity can be varied from 5%
to 90%. and density from 19 to 140
pounds per cubic foot.

Metal particles can vary in size
from 150 mesh to smaller than 325
mesh; 200-mesh power is used in
the formula cited previously.
Metals such as aluminum, zinc
and magnesium can be used. The
silicon dioxide has a particle size
of 20 microns—its function is to
improve the viscosity of the green
ceramic.

In color, too. To identify potted
modules, the color of the foam can
be varied by adding pigments, such
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as chromium oxide for green and
iron oxide for beige.

After curing, the ceramic can be
cemented, cut with a hacksaw,
shaped with a wood rasp, or
ground on an abrasive wheel.

A patent disclosure has been
filed by Alfred G. Eubanks and
Ronald E. Hunkler of Goddard’s
materials research and develop-
ment section.

Industrial electronics

Number-sculpting

It’s a strange studio for a sculptor.
No clay. No curlings on the floor.
No pedestal. No chiscl. No arma-
ture to support the figurce. Just a
50-foot-high tank, a library of
punched tapes, and a tape-reader.

The sculptor’s assistant selects
a roll of punched tape labeled
“Venus de Milo,” places it onto a
tape-reader and pushes a button.
Within a few hours, a veplica of
a famous lady will emerge, 68"
high, with her measurcients (53-
39-51 in the vital dimensions) accu-
rate to ten-thousandths of an inch.

No such studio exists yet. But it
could well be a result of the col-
laboration of a famous sculptor, an
inventor and some generous con-
tributors.

Hero-size problems. The sculp-

tor, Robert Berks, discussed some
problems of his art one day with
Jacob Rabinow, president of Rab-
inow Electronics, Inc., a subsidiary
of the Control Data Corp. He de-
scribed the process that always
results in distorted reproductions
of heroic-size statutes. He men-
tioned the Ford Foundation’s con-
cern about damage to art works,
and the foundation’s offer of $250,-
000—to be matched by cqual funds
from other sources—to create a
“museum” of numerical-control
tapes of statuary masterpieces.

On July 21, Rabinow received his
115th patent—a method of milling
copies of big statues accurately
and quickly.

Underwater art. The key clement
is a machine tool inside a liquid-
filled tank. The tool floats in the
liquid. its blade touching a shell
of bronze two inches thick filled
with a light, rigid plastic. The lig-
uid makes the hollow cutting-arm
weightless, and eliminates the ef-
feets of temperature and vibration
during milling.

The machine tool, as it mills the
bronze, could be directed by a
scribe tracing over the contour of a
foot-high model of a statue. Un-
like the mechanical scribe of this
pantagraph, which uses levers to
enlarge dimensions and introduces
mechanical errors, the Rabinow
unit could use a noncontacting
tracer system to gather data for the

Sculpting statues under water with numerically controlled machine tools is
described by Jacob Rabinow to sculptor Robert Berks. Frogmen in the sketch are a
result of artistic license. Bust of President Kennedy on table was made by Berks.

punched tape and later to guide
the machine tool. Such a tracer
system is already being used by
the auto industry [Electronics, June
1, 1964, p. 64 and May 4, 1964,
p. 102].

From the punched tape, master-
picces could be mass-produced in
their original size.

The electronics of the numeri-
cally controlled systemn would be
placed inside the tank, or con-
nected by cable from a position
outside the tank.

Shocking shrimp

For years, shrimp fishermen have
been dragging chains in front of
their trawling nets to shake shrimps
out of the mud and sand so the nets
can capture them. For years, fisher-
men have figured they could get
more shrimps out of the ocean bot-
tom if they could shock them
awake. An electric shock causes a
muscular  reaction that makes
shrimps jump.

An electronic generator that
does the job by radiating high-
power pulses into the water has
now been developed for commer-
cial use. It has been tested by the
Department of Commerce’s com-
mercial fisheries gear research sta-
tion in Panama City, Fla. One fish-
ing fleet operating in the Gulf of
Mexico, and another on the At-
lantic coast have begun using it.
Another fleet is still testing it.

Commercial system. The com-
mercial system was developed by
the Sea Technology Corp. of Sara-
sota, Fla. An output circuit, op-
erating with a silicon controlled
rectifier, radiates two pulses per
second into the water through an
electrode array. The array is
stretched in front of the otter doors
of the shrimping rig.

Pulse widths are less than one
millisccond. Peak amplitude is 100
volts and nominal peak power is
140 kilowatts.

Power for 12 hours of trawling
is provided by nickel-cadmium bat-
teries made by Gould-National,
Inc. A semicondnctor inverter
changes the direct current to alter-
nating current. Induction is used to
magnetically couple the power to
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Government research vessel, the George M. Bowers, was site of sea tests. At right
is a shrimping rig, with the puise generator mounted on one of the otter doors.

the pulse generator. This elimi-
nates the necessity of water-tight
connections for cables and makes
it easy to replace the batteries. The
power supply fits into the pulse-
generator housing.

Manufacturing

The littlest Biax

You've heard of the Flute, the
Rope, the Twistor? No, these aren’t
dances. They're magnetic memory
configurations. Now there’s a new
memory shape that conld be called
the Clarinet, or Licorice Stick, be-
cause that’s what it resembles.

The memory consists of a Perm-
alloy wire with pairs of tiny holes
drilled at right angles to each other.
Each pair of orthogonal holes con-
stitutes a memory core, only a few
thousandths of an inch long. Many
such cores can be formed in a
single wire by using a laser drill.

Microenergy memories. Proto-
types have been made at the Radio
Corp. of America’s Aerospace Sys-
tems division in Burlington, Mass.
Experimenters were looking for a
memory so small and requiring
such low driving power that it
would be compatible with com-
puters made entirely of integrated
circuits. They think they have
found the answer.

The units are a variation of the
Biax configuration developed by
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the Aeronutronics division of the
Philco Corp. [Electronics, June 29,
1964, p. 61]. Regular Biax memo-
ries are assembled from individual,
molded-ferrite cores with a nominal
size of 0.053 by 0.05 by 0.08 inch.
They arc among the fastest memo-
ries made because the polarity of
only the tiny amount of ferrite be-
tween the two orthogonal holes is
switched. and the change in mag-
netic orientation is only 90° instead
of the usual 180° domain reversal.

The RCA cexperimental units op-
erate in the same way but because
the magnetic volome between the
orthogonal holes is much smaller
they would require much lower
switching power. Typical dimen-
sions of the wire units would be
0.0001-inch diameter holes 0.003
inch apart, with the hole pairs
0.015 inch apart in the Permalloy
wire. Each of these “cores” is
joined by magnetic material to the
next core. The cores are effectively
isolated because the distance be-
tween pairs of holes is much
greater than the distance between
holes in a pair.

Laser drill. The key to the proc-
ess for making the cores is a laser
drill. Burton Clay, project engincer,
explained why:

* Such small cores cannot be
molded, with the holes, from fer-
rite. Nor can regular mechanical
drills be made small enough. The
tiny holes could be drilled by an
electron beam in a vacuum cham-
ber, but this would be a slower

process during which the material
would heat up and lose its mag-
netic orientation.

* Lasers can drill microscopic
holes in metal in a microsecond.
There is alimost no heat, so the
wire keeps its magnetic orientation.
Permalloy is oriented when the
wire is made,

To make the cores, the laser is
set up on an optical bench and
aimed at the wire. One hole is
drilled. The wire is moved slightly
forward, rotated 90° and the sec-
ond hole is drilled. The wire is then
advanced the 0.015-inch spacing
between cores and the process is
repeated.

Clay thinks that refinements of
the production method would pro-
vide an automatic method of pro-
ducing core-type memories.

Thin films of glass

The Corning Glass Works can now
make a thin-film version of its
glass capacitors on the same pro-
duction lines where it manufac-
tures thin-film resistors. The pro-
duction line at Raleigh, N. C., does
not nse vacuum processing, but
makes passive microcircuit net-
works that resemble a cross be-
tween vacuum-deposited thin filins
and screened circuits.

Corning expects the new capaci-
tors to meet military specifications.
Their rating is 50 volts, from 100
to 5,000 picofarads. Capacitance is
about 80,000 pf per square inch,
and the dielectric constant is about
600. Tolerances of 5%, 10% or 25%
can be held. Cost per capacitor is
about the same as for discrete mica
capacitors.

Compatible process. The capaci-
tors are made by a process that is
compatible with the high-tempera-
ture pyrolitic deposition that Corn-
ing uses to make tin-oxide resist-
ors.

Layers of niobate-glass dielectric
and gold electrodes are applied to
the substrate. The capacitor is then
fired; this bonds it to the substrate.
Firing changes the glass to a crys-
talline substance similar to Corn-
ing’s Pyroceram. The resistors are
then deposited at 600° C. Copper
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Thin-film circuit contains four
resistors and four glass capacitors.

conductor paths can be applied di-
rectly over the capacitors.

The capacitors will be shown for
the first time at the Western Elee-
tronic Show and Convention on
Aug. 25.

Computers

Thin-film first

By mid-19635, the National Cash
Register Co. plans to start deliver-
ies of a new version of its NCR 315
computer, called the 315 RMC (rod
memory computer). Unless another
company beats it out, NCR will be
first with a commercial computer
whose main memory is made en-
tirely of thin-film storage elements.

The memory is about half the
size of the standard NCR 315 fer-
rite-core memory, eight times as
fast and is part of a redesigned
central processor unit. This unit
could also be used to replace the
central processors in existing NCR
315 and 315-100 computers, ena-
bling them to execute about 100,
000 instructions a second.

Some thin-filln memories are now
being used in commercial com-
puters, as auxiliaries. The Univac
division of the Sperry-Rand Corp.
started using a thin-film control
memory in the Univac 1107 in
1961. Three Univac military and
aerospace computers use thin-film
main memories.

Thin-film cylinders. Most thin-
film memories take the shape of
a flat plate. NCR uses a cylinder
[Electronics, June 29, 1964, p. 65].

30

The basic memory element is a
0.010-inch  diameter beryHium-
copper wire, electroplated with a
nickel-iron magnetic film, 4,000
angstroms thick and wrapped with
a spiral copper ribbon. To assemble
a memory module, the rods are in-
serted through a stack of 40 sole-
noid planes, in 16 rows of 66 rods
each. The rods are provided with
terminations for coincident-current
operation.

The solenoids are spaced on Y-
inch centers in all three dimen-
sions, for a packing density of 5.2
bits per cubic inch. In the labora-
tory, NCR has reached a packing
density of 7,000 bits per cubic inch
by spacing the rods 50-thousandths
of an inch between centers. Ulti-
mate interest is in possible use of
the rods for mass memory, to com-
pete with drums, disks and tapes.

Each group of windings for 66
solenoids is made from a single
wire by an automatic machine that
winds a 10-twin coil at each sole-
noid position. When current is sent
through these coils, the adjacent
cylindrical thin film is magnetized
on the rod through which current
has also been sent. The cylindrical
shape of the rod is said to allow for
tight coupling between windings
and magnetic material, so that large
switching fields can be provided
with reasonable currents and small
inductances.

Average access time is 267 nano-
seconds per digit; the read-restore
or clear-write cvcle time is S00
nsec.

The 315 RMC has a basic 60,000-
digit memory (four bits per digit)
made up of eight memory modules;
the computer memory can be ex-

Memory module consists of plated
wires in a stack of solenoid planes.

panded to 240,000 digits in incre-
ments of 60,000.

A 315 RMC with 60,000 alpha-
numeric character storage capacity
will rent for $6,000 a month; a
standard 315 with comparable
memory size rents for about $5,000
monthly.

Also announced was the 321
communications controller, which
links as many as 100 remote input-
output machines to any 315 com-
puter for on-line operation.

Components

Out, damned spot

No more blemishes on those
french-fried potatoes; no more em-
barrassing spots still on your best
necktie or vest just back from the
cleaners. This is the prospect of-
fered by an nnusual photosensitive
device developed by Sylvania Elec-
tric Products, Inc., a subsidiary of
the General Telephone and Elec-
tronics Corp. Photocells will pick
out dark spots on opaque objects,
or find internal flaws in transparent
or translucent materials such as
glass or plastic, before they get to
you. A typical application for the
device is monitoring conveyor-
transported objects in the food,
textile and agricultural industries.

The new Sylvania photocell de-
tects imperfections, which appear
as dark spots, by responding to a
reduction in light caused by dark
arcas. An ordinary photocell has
limited sensitivity to small dark
spots in random positions.

Cells in series. The dark-spot de-
tector contains two strips of cad-
mium sulfide that form a number
of small cells connected in series.
Cell resistance increases when a
blemish masks the light the cell
would otherwise see. Because of
the series hooknp, the increase in
resistance adds directly to the
terminal resistance, raising sensi-
tivity. A standard photocell com-
prises a number of small cells con-
nected in parallel; the masking of
a small area has little effect on the
terminal resistance.

With a one-to-one optical sys-
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LAMBDA MuLTI-CURRENT-RATED

power supplies offer maximum flexibility

for any application at any ambient to 71°C

NOW 0-60, 0-40, 0-20 VDC IN 4% and % RACK MODELS
' l

Lab
ALL .
SILICON Ambient
Modular-Subrack 30°C
LH
SERIES

CURRENT RANGE AT AMBIENT OF:

Industrial Elevated
Ambient Ambients

50°C 60°C 71°C

Voltage
Model Range 30°C 50°C 60°C 71°C Price @)
LH 121 0-20VDC 0-2.4A 0-2.2A 0-1.8A 0-1.5A $159.00
LH 122 0-20vDC 0-5.7A 0-4.7A 0-4.0A 0-3.3A $260.00
LH 124 0-40VDC 0-1.3A 0-1.1A 0-0.9A 0-0.7A $154.00
LH 125 0-40vDC 0-3.0A 0-2.7A 0-2.3A 0-1.9A $269.00
LH 127 | 0-60vDC 0-0.9A 0-0.7A 0-0.6A 0-0.5A $184.00
LH 128 0-60vDC 0-24A 0-2.1A 0-1.8A 0-1.5A $315.00

(1) Current rating applies over entire voltage
range. DC OUTPUT Voltage regulated for line
and load

® AC INPUT—105-135 VAC, 45-480 cps

® REGULATION—Line or Load—.015% or | MV

(2) Prices are for non-metered models. For metered models and front panel controls,
add suffix (FM) to model number and add $25.00 to the price. For non-metered
chassis mounting models, add suffix (S) to mode! number and subtract $5.00 from
the non-metered price.

® CONSTANT CURRENT/CONSTANT VOLTAGE
REMOTELY PROGRAMMABLE AND CONTINUOUSLY VARIABLE
® SIZE: LH 121,124, 127 5% x 435" x 15V2”

® RIPPLE—less than 250 microvolts rms and | millivolt P-P LH 122, 125, 128 5%,” x 8%" x 15%”

® TEMPERATURE COEFFICIENT ~.015%,/°C

® RACK ADAPTERS
Model RA-I for ruggedized mounting—Price $60.00

® MEETS RFI SPECIFICATIONS—MIL-1-26600, Class 3 Model RA-2 for conventional mounting—Price $25.00

SEND FOR COMPLETE LAMBDA CATALOG,

A LAM B DA ELECTRONICS CORP.

515 BROAD HOLLOW ROAD « MELVILLE, L. 1.. NEW YORK + 516 MYRTLE 4-4200

SALES OFFICES AND REPRESENTATIVES CONVENIENTLY LOCATED IN MAJOR CITIES
BE SURE TO VISIT LAMBDA’S WESCON SHOW BOOTH NO. 470-471 AT HOLLYWOOD PARK
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tem, the dark-spot detector can
spot a blemish %, of an inch in
diameter in a Y%-inch field. Lens
systems can extend the field with-
out loss of sensitivity. The photo-
cell has detected 14 ¢-inch-diameter
spots at conveyor-belt speeds of
150 feet a minute with 12-foot-
candle average illumination on the
face of the cell. Bridge circuits will
compensate for thermally caused
variations in cell resistance and
offset a-c variations in the field
light source.

Superpower triodes

A new design approach to high-
power vacuum tube triodes has
produced a significant increase in
their power output and cfficiency.
Five of these superpower tubes can
do a job that formerly needed al-
most triple that number.

The new technique, termed a
breakthrough in power tube design
by Machlett Laboratories, Inc., a
subsidiary of the Raytheon Co.,
hurdles one of the major stumbling
blocks to increasing the output of
power triodes—the problem of
electron interception by the grid.

In conventional tubes, one third
to one fourth of the electrons
emitted by the cathode are inter-
cepted as they make their way to
the plate. The relatively high grid

current that results represents a
heavy loss of power.

Right to the plate. In the Mach-
lett design, a magnetic field chan-
nels the trajectory of the electrons
so that most of them miss the grid
and find their way to the plate. As
a result, the ratio of plate to grid
current is about 100 to 1, compared
with the usual 3 or 4 to 1.

The first tube incorporating the
new design is Machlett’s ML-8549,
a nearly four-foot-high, water-
cooled giant that puts out a whop-
ping 60 megawatts of pulse power,
with pulse widths up to 10 milli-
scconds. Pulsed-plate efficiency ex-
ceeds 90%. Another dividend of
the new design is the unusually
long duty factor (ratio of time on
to time off) of 0.06. The usual duty
factor for a tracking radar is be-
tween 0.0015 and 0.003.

The Machlett tube was devel-
oped to serve as a modulator in the
new high-power tube-testing com-
plex at the Rome Air Development
Center, Griffiss Air Force Base,
N. Y. The partially completed test
center, designed to prove out future
generations of r-f power devices
for the Air Force, needed a hard-
tube modulator capable of switch-
ing 5400 amperes at a variable
pulse repetition rate of from 1 to
1,000 cps and a duty factor of 0.06.
Fourteen conventional tubes, oper-
ated in parallel could deliver the
power but they would provide only
a 0.01 duty factor. Machlett filled
the bill with only five parallel
tubes.

Other jobs. The ML-8549 can be
used as a switch tube in pulse mod-
ulators for radar or similar applica-
tions. As a pulsed r-f amplifier op-
erating at frequencies up to 30 Mc,
it can deliver 10 megawatts with a
driving power of only 33 kw, also
at long pulse durations and high
duty factors. The tube also can
operate as a class C amplifier or
oscillator with a c-w output in ex-
cess of 2 Mw with a drive of ap-
proximately 10 kw.

Machlett engineers feel that the
tubes will have an important future

Mammoth tube stands
nearly four feet high.

in industrial applications such as
induction heating, a-m broadcast-
ing, and in high-energy physics for
plasma studies. Low-power ver-
sions of the ML-8549 tube are al-
ready being developed.

Communications

SAC speedup

The famous underground war room
in Omaha, Neb., the nerve center
of the Strategic Air Command, has
been remodeled. Existing equip-
ment is being replaced by the new
465L command and control system.
High-speed sending and receiv-
ing equipment, fast computers to
store and process data from all
over the world and a novel multi-
color wall display system are being
delivered under a prime contract
with the Data and Information Sys-
tems division of the International
Telephone and Telegraph Corp.
World-wide input. Basically, the
465L is a gigantic two-way com-
munications system that funnels
information to SAC headquarters
at Offutt Air Force Base in Omaha
and transmits operational instruc-
tions from there to the Air Force.
Information is fed into the system
by field stations called remote
communications centrals. A mes-
sage composer at a central converts
a standard-form message into com-
puter data. The data goes by way
of switching computers to the
central computer at Offutt or to a
second computer at March Air
Force Base in Riverside, Calif.
Messages travel to the data proc-
essing central at speeds varying
from 750 to 3,000 words a minute.
Errors are checked, inaccuracies
are brought to the attention of an
operator, priorities are assigned
and the quickest route is chosen.
The special stored-program com-
puter at Offutt has a word length of
48 data bits and two parity bits. It
also has four high-speed core stor-
ages, cach capable of holding 16,-
384 4S8-word bits. In addition, drum
memories and magnetic tape stor-
age are used for masses of infor-
mation that back up the fast-
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LOW-COST PLUG-IN INPUT COUPLERS ALLOW THE TYPE S RECORDER TO ACCOMMO- OFFNER TYPE S DYNOGRAPH™ IS SERVO CONTROLLED AT THE PEN PQINT TO
DATE A WIDE RANGE OF INPUT SIGNALS. 23 STANDARD COUPLERS ARE AVAILABLE. ASSURE LOCKED-IN ACCURACY,

Offner adaptability in ink rectilinear recordings

Only OFFNER offers the advantages of ink rectilinear recording with the flexibility of fast input cou-
pler exchange. Servo loop at the stylus point forces locked-in accuracy. The OFFNER input couplers
change the function of the amplifier system and provide all necessary bridge balancing, calibration
and “computing" facilities...thus obviating the need for expensive special-purpose amplifiers.

Specifications:

Number of Channels 1-8 standard; to 24 special Input Impedance With preamp 2 megohms

Sensitivity With preamp 1uv/mm to 5v/mm . W I .

Without preamp 1mv/mm to 5v/mm Warm-up Time Instantaneous

Nominal Cost/Channel With preamp $1,250

Frequency Response DC to 150 cps Without preamp $850
Phase Delay 25 ms * 0.05 ms, 0-120 cps
Linearity 0.1% (full scale) for DC:

or AC within maximum
amplitude envelope

Drift (shorted input) With preamp
tuv/hr at max. gain
Without preamp <0.05mm/hr

[S1=Yo 0 a=Ta 0 (NSTRUMENTS, INC.

OFFNER DIVISION

Recording Amplitude Full chart channel width from Schiller Park, lllinois
DC-40 cps with progressive
063-650 reduction to 5mm at 150 cps international Subsidiaries: Geneva, Switzerland; Munich, Germany; Glenrothes, Scotland
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reaction core storage. Beyond this,
disk files handle an additional 13
million words. The central proces-
sor has an access time of 2.5 micro-
seconds and can execute 400,000
operations a second.

Color display. Information from
the system is available by various
types of printout; but for the SAC
commander and his staff, masses of
data must be quickly assimilated
through use of large projection dis-
plays. Desired information can he
reproduced on a 70-mm positive
film in less than 15 seconds. Digital
signals received from the data
processor are converted into ana-
log voltages which position a crt
electron beam. An optical system
projects the crt alphanumerics onto
the film. Three images, correctly
registered, carry all or parts of the
same message. The projection light
is split into the three primary
colors by dichroic mirrors.

When each film image is present
and illuminated, the colors com-
bine to make white light, and the
data appears normally. Abscnce of
all but one film image produces
single-color light for red, green or
blue, as desired. When the identical
image appears on two units of the
film, resulting colors are cvan,
magenta or yellow. In all, seven
different colors are available to
identify static, new or emergency
information.

Six screens, each 16 feet square,
are being installed at SAC head-
quarters. Maps or other trans-
parencies can also be projected as
a base for computer-derived infor-
mation overlays.

More power

Police officers at the annual con-
vention of the Associated Public
Safety Communications Officers, in
Norfolk, Va., will see on Aug. 5
the first public display of a line of
transistorized two-way radios that
can put out almost 60 watts of r-f
power at ultra-high frequencies.
This is almost double the power of
existing commercial solid-state two-
way radios opcrating at uhf.

The f-m sets are now in produc-
tion at the General Electric Co.’s
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Communications Products depart-
ment, Lynchburg, Va.

GE thinks the development will
increase the use of the uhf band
(around 450 megacycles) and thus
relieve the overcrowding of lower
frequency bands. The higher power
will permit uhf sets to be used in
areas where reception is difficult.

Very high frequency. For cus-
tomers who want to stay down at
very high frequency, GE also has
new vhf mobile units that put out
100 watts, and base stations with
up to 330 watts. The sets use sili-
con transistors.

Other features in the sets are a
new type of voltage regulation and
a tuning search system.

The first protects frequency sta-
bility and provides stable squelch
operation to insure that all calls are
received. Even when the voltage
from a vehicle battery surges with
overcharge or drops off with heavy
loads, receiver sensitivity and
transmitter drive are unaffected.

The tuning circuit is used in sets
that receive two frequencies. The
circuit permits only the audio
signal of the first station received
to be heard by the operator.

The new GE line will be pitted
competitively against the Motorola
Co.’s all-transistor Motrac and
Motran radios, already in use. The
Radio Corp. of America’s most
comparable line is called Super-
Carfone.

Space electronics

Which way is down?

A classic problem in satellite con-
trol is finding “down.” This must
be done accurately when an
antenna has to point precisely at
earth. A classic solution is to find
the earth’s horizon and determine
the vertical from that.

The technique doesn’t always
work well. During Col. John
Glenn’s orbital flight, the horizon
sensor was confused by a tropical
storm and gave a vertical reading
that was 10° off.

In an effort to eliminate such

errors, the National Aeronautics
and Space Administrations plans a
project called Scanner. It will use
a satellite in its research for better
ways of sensing the horizon and in
studying the best optical frequen-
cies for horizon sensors—infrared,
ultraviolet or visible light.

New radiometer. Part of the proj-
ect is an improved infrared radio-
meter being developed at Langley
Research Center, Hampton, Va. It
will have a 0.025° field of view, in-
stead of the 0.25° field of present
sensors. This will enable it to peer
more closely at the horizon.

Two of these radiometers would
be mounted back-to-back on a spin-
stabilized satellite with vertical
orientation. One would sense wave-
lengths of 14 to 16 microns, and the
other wavelengths of 20 to 35 mi-
crons or longer.

Electronics abroad

No cheating

A starting gate for swimmers is
part of an electronic timer that was
designed in Britain.

The starting circuit simultane-
ously operates a speaker at each
starting position and vibrates the
platform on which the swimmer
stands. This overcomes two defects
of the traditional starting gun. Deaf
swimmers can’t hear the gunshot,
and competitors furthest from the
sound hear it about 0.06 seconds
after the gun is fired. The time lag
gives the swimmers nearest the sig-
nal gun a head start.

To prevent cheating or false
starts, the swimmers grasp bars.
If they let go of the bar before the
starting signal, an audible alarm is
triggered and a disqualification
rope drops into the pool. At thc
end of the race, as each swimmer
finishes, he touches a rubber pad
that then hits a metal plate, shut-
ting off a timer.

The electronic timing and start-
ing system is accurate to one milli-
second. The timer is a one-mega-
cycle crystal oscillator that feeds
eight counting units by means of
divider circuits.
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Vidar 240 for full scale inputs from 0.1 vdc to 1000 vdc.

Vidar.241, a high level version of the Vidar 240.

Vidar 260 for direct conversion of mv signals
without preamplification.

Vvidar 211 for muitiple-channel applications.

Vidar 2500 Series converts ac voltage, dc voltage, and
resistance to frequency.

Voltage-To-Frequency Converters
CHOOSE FROM THE BROADEST LINE

Vidar offers the widest selection of standard voltage-
to-frequency converters currently available. There are
standard Vidar converters to handle all these inputs
high and low-level dc voltage, ac voltage, and resist-
ance. Here are details.

The Vidar 260 high sensntwnty (5 milliyal
high impedance, floatin
converter is well su
gage and thermocouge si
130 db common moc
time of 0.2 ms. Price|
module.

ﬁput&es‘om 0.1

The Vidar 240 provide:
and accepts either influt polaritys
Choose 0-100 kc or 0-1 ale output Available
in rackmount, cabinet, or module Prices range from
$790 to $825.

The Vidar 241 is a high signal level version of the Vidar
240 offering input ranges from 10 to 1000 vdc, and
choice of 0-100 kc, 0-10 ke, or 0-1 kc full scale outputs.
Priced at $515, the unit is available in rackmount only.

The Vidar 211 is intended for multiple-channel appli-
cations where high level signals are available and uni-
polar operation possible. It offers an input range of
0-10 v and choice of 1-100 k¢, 0-10 k¢, or 0-1 kc output.
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i #-10- frequ
direct con B W‘
re;w cPS and settiin
in rackm “‘abl k\‘
o\ :

Ten converters with power supply occupy only 3'/2"
of rack space. Price, approximately $315 per channel

The Vidar 2500, which g
resistange

c or dc voltages and
,I1sa goo choice for automatic

o~ systems % for dc and resist-

ances Ag} s to 50 kc. Applica-

tlol‘ rat measurcfents, data logging,

checkout t|on sorting of compo-

nents, ‘ gl rices range from
Ky isén

ddition, pleas t each converter is all

moorers +0 025% linearity; stability of
1%/ per week; =0.01% per °C; and =+0.02% for
=+10%o line voltage change.

For more information, or a demonstration, please call
your Vidar sales engineer (listed in eem) or write to
us at 77 Ortega Avenue, Mountain View, California.
Telephone (415) 961-1000. 9A

VIDAR
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WHAT MAKES “INSTRUMENTATION CABLE” DIFFERENT?

It is no more like power or control cable
than a Ferrari is like the old family
sedan. Not knowing this can cause you
a lot of grief: project delays, costly re-
placements, malfunctions.,

THE THIN BLACK LINE On your schemat-
ics, instrumentation cable is a black line
from launching pad to blockhouse or
from one part of a computor to another.
In the broadest sense, it connects data
or signal sources with display or record-
ing or control devices. Its function is to
carry those signals unfailingly and with
the required reliability. In this day and
age, it’s no easy job.

WHAT CAN GO WRONG The improperly de-
signed cable can simply fail. This has
happened and at important sites. An
untried saturant, lacquer or compound
ingredient used in the cable may destroy
the electrical integrity of this primary
insulation. This sort of deterioration
need not be sudden; only experts know
which impregnants will migrate in a
week or a month or more.

Or a relative lack of art in manufac-
ture may create problems for the future.
Under certain circumstances in use,
variations in insulation thickness, con-
ductor placement, or conductor unbal-
ance in the cable lay-up may cause
spurious or ambiguous signals to arrive
at the display, recording or control
panel. Your sharp, precise pulses be-
come displaced in time, are a little too
fuzzy, or are joined by other unwanted
signals from another line.

DESIGN IS HALF THE STORY Configuration
of conductors within the cable is im-
portant, for physical as well as for
electrical reasons. For example, posi-
tioning of coaxial components within
the cable is critical in order to assure
maintenance of minimum standards of
concentricity between the inner and
outer conductors when the cables may
be subjected to bending operations dur-
ing installation work.

Selection of insulating, filler and
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jacketing materials requires expert
knowledge and judgment. Some mate-
rials, as mentioned above, tend to
migrate. Others harden or soften with
cold or heat. Some change their elec-
trical characteristics in time. These are
not fundamentally new problems in
cable design, but in instrumentation
cable the standards are far more severe
thart ever before.

MANUFACTURE IS THE OTHER HALF Even a
properly designed cable may well be-
come unacceptable sooner or later if it is
not manufactured to new standards of
precision. This requires stranding ma-
chines that reduce circular eccentricity
to remarkably low figures and help as-
sure insulation uniformity, insulating
machines of considerable precision, and
highly precise cabling equipment. It
also requires, as is so often the case in
precision manufacture, an indefinable
skill on the part of machine operators.

ASK THE EXPERTS To protect the func-
tioning of your system, there’s only one
way to make sure the thin black lines
on your schematics become cables with
the requisite dependability: have them
designed by experts, in consultation
with you, and constructed by experts.

Rome-Alcoa is, frankly, one of the
very few companies that qualify. We’ve
been designing and constructing these
cables since their first conception. If
you're going to need instrumentation
cable soon, call us, the sooner the better.

We now have a 24-page booklet titled
“Instrumentation Cables, Cable Assem-
blies and Hook-up Wires.” In it, we de-
scribe instrumentation cable construc-
tions, production, military specifications
and our qualifications. For your copy,
write Rome Cable Division of Alcoa,
Dept. 27-74 Rome, N. Y.

VY ALcoa

A ROME CABLE

D1 ViIs I ON
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THIS NEW X-Y RECORDER
CONTRIBUTES SIX

MAJOR IMPROVEMENTS
TO THE STATE-OF-THE-ART

MOSELEY &

an affiliate of Hewlett-Packard

*Trade Mark Pat. pend.

m New,exclusive AUTOGRIP" hold-downfor any size paperto l1"x17"
m 100 microvolts /inch sensitivity at one megohm
input resistance
m AC input ranges to 5 millivolts /inch
= 120 db common mode rejection at line frequency
® Multi-contact flat mandrel potentiometers for
unprecedented reliability

m Time sweeps for either axis with automatic reset and adjustable
sweep length

These improvements, coupled with proven Moseley quality and precision,
make the Model 7000A the most advanced X-Y recorder available today.
Available, too, is the companion model 7030A, same as 7000A but
accepts paper to 8l5” x 11", without ac inputs. Model 7000A, $2575;
Model 7030A, $1795. Call your Moseley /Hewlett-Packard field engineer or
write: F. L. MOSELEY CO., 433 N. Fair Oaks Ave., Pasadena, Calif. 91102.
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*Type 230-A

10 to SOO MC
POWER AMPLIFIER

The BRC Power Amplifier Type 230-A is the ideal RF amplifier
for low-level applications exhibiting a typical noise figure of 6 to 8
db. Three tuned, cascaded stages of grounded-grid amplification
provide up to 30 db gain and a maximum power output of 5 watts.
Typical applications include:

RECEIVER PRE-SELECTOR —The Type 230-A, when used as a pre-selector
with conventional communications receivers, will readily provide frac-
tional microvolt sensitivities.

TUNED SELECTIVE FILTER — BRC 230-A provides a convenient means for
the selective amplification of RF signals in the 10 to 500 Mec. range with
excellent rejection of undesired frequencies.

HARMONIC AMPLIFIER — The new power amplifier may be used to am-
plify desired harmonics in the output of signal generators and fre-
quency synthesizers thereby extending their useful range.

FREQUENCY COUNTER PRE-AMPLIFIER — Type 230-A as a pre-amplifier
for conventional frequency counters, such as the @ 524/525, will
provide a 15 to 30 times improvement in input sensitivity. Remote, off-
the-air frequency measurements of FM broadeast and communication
transmitters may be readily performed.

RF MILLIVOLTMETER PRE-AMPLIFIER — When used as a pre-amplifier for
RF millivoltmeters, such as the @ 411, the 230-A will provide 15 to
30 times improvement in sensitivity.

BOONTON RADIO
COMPANY

A Division of Hewlett-Packard Company @

GREEN POND ROAD, ROCKAWAY, NEW JERSEY
Tel. 627-6400 (Area Code 201) TWX: 201-627-3912 Cable Address: Boonraco

38 Circle 38 on reader service card

o

RF RANGE: 10 to 500 Mc.

BAND RANGES: 10-18.5 Mc. 65-125 Mc.
18.5-35 Mc.  125-250 Mc.
35-65 Mc. 250-500 Mc.

RF GAIN: 30 db (10-125 Mc.)
27 db (125-250 Mc.)
24 db (250-500 Mc.)

RF BANDWIDTH: >700 Kc.*(10-150 Mc.)
>1.4 Mc.*(150-500 Mc.)

*Frequency interval between points 3db
down from max. response

RF OUTPUT:

RANGE: Up to 15 volts*

*Across external 50 ohm load
IMPEDANCE: 50 ohms.

CALIBRATION:

0.2 to 3 volts f.s.;
increments of approx. 5%.
1.0 to 10 volts f.s.;
increments of approx. 5%.
2.0 to 30 volts f.s.;
increments of approx. 5%.
ACCURACY: =1.0 db of f.s. (10-250 Mc.).
=1.5 db of f.s. (250-500 Mc.).
LEAKAGE: Effective shielding is greater
than 40 db.
RF INPUT:

LEVEL: 0.316 volts* (10-125 Mc.)
0.446 volts* (125-250 Mc.)
<0.630 volts* (250-500 Mc.)

*For 10 volt output into 50 ohms
IMPEDANCE: 50 ohms

AM RANGE: Reproduces modulation of driv-
ing source 0-100% up to 5
volt max. carrier output

AM DISTORTION: <10% added to distor-
tion of driving source

FM RANGE: Reproduces modulation of
driving source except as lim-
ited by the RF bandwidth

FM DISTORTION: Negligible distortion
added to distortion of driving
source for deviations and mod-
ulation frequencies <150 Kc.

INCIDENTAL AM: <10% added to modu-
lation of driving source at
150 Ke. deviation

MOUNTING: Cabinet for bench use; by re-
moval of extruded strips suit-
able for 19°* rack mounting

POWER REQUIREMENTS:
105-125/210-250 voits,
50-60 cps, 150 watts

Price: $1200.00 F.0.B. Rockaway, N. J.

—ti

PP —
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Need Capacitors in

SPECIAL
PACKAGESE

Here are a few we’ve made recently:

High capacitance, hermeti-
cally-sealed unit. Wet slug
tantalum capacitors pack-
aged for military and in-
dustrial filter circuits.

—55° to +125°C hermeti-
cally-seated unit. Three
Mallory HTA high-reliabil-
ity aluminum electrolytics
for industrial applications.

5400 mfd., 24 v., in a spe-
cial mount. Four Mallory
XTV wet slug capacitors in custom-
designed geometry for an advanced
missile program.

1000 mfd., 40 v., in 1” cube.
Four Mallory wet slug tan-
talum capacitors packaged
for a top space program.

P __m ———

Double-case hermetically-sealed unit. Special pack-
aged tantalum foil capacitor for a space vehicle.

Packages have been designed for Apollo, Gemini, Pershing, TFX and other missile,
space and aircraft programs. Whatever your packaging requirements, Mallory
engineers can design and produce the capacity, reliability and geometry you need
. . . quickly and economically. They have a full line of tantalum and aluminum
electrolytic capacitors and years of experience to apply to your problem. Please write
giving details such as capacity, working voltage, dimensions and environmental
conditions. Or, request a consultation. Mallory Capacitor Company, Indianapolis,
Indiana 46206-—a division of P. R. Mallory & Co. Inc.

See us at WESCON—Booths 169-171, Hollywood Park

Electronics ! July 27, 1964

MALLORY

Circle 39 on reader service card 39




¥, 'y

~y -

¥

Some people call our inspectors fuss-budgets
(but Speer customers think they’re great)

The man up there in the picture is a member of Speer
Carbon’s Quality Control and Inspection team. He’s
checking a resistor lead for solderability —one of many
tests that are S.O.P. for Speer fixed carbon resistors,

He’s also one big reason why Speer customers are
happy customers. They know they can rely on Speer
electronic components for uniformity and performance —
time and time again.

Actually, all of our inspectors are fuss-budgets. They
just won’t take anything for granted and we’re glad.
That’s why Speer has one quality-assurance employee
for every eight employees in production and one quality-
assurance engineer for every seventy-five employees in
production. And that holds for every manufacturing step
...from raw materials to the finished product.

Speer Carbon Co, is a Division of Air Reduction Company, Inc.
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Mil specs? Speer participates in industry committees
that cooperate with military departments in writing
them. What’s more, our tests don’t stop there. This year,
141,912,000 unit life test hours are scheduled for Speer
resistors and 40,000,000 for Jeffers coils.

But just to keep the record straight, our inspectors
don’t deserve all the credit for Speer quality. The folks
up and down the line, in all departments, have the same
kind of pride in Jeffers’ and Speer’s performance that
our quality-assurance employees have. And we suspect
that Speer’s multi-million

dollar research and develop-
ment program has something - 'BPEE") @éo&g
to do with it, too.
(o) s
JEFFERS
(Speen| -
-

[risiston |

"/
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PREVIOUS SCOPE OF ENTIRE PRODUCT LINE
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—now offered in Leacl; standard electronic time delay relays

Recent Leach developments in miniature magnetic cores, new
applications in time base generators, and the complete redesign
of Leach-patented unijunction circuits now make possible many
additional maximum-performance features in standard time delays.

NON-DESTRUCT MEMORY is an example. In the event of
interruption of input power, the non-destruct memory will maintain
the timing count in the unit. Upon reapplication of power, the
unit will continue timing as though no interruption had occurred.
(Available in four of nine standard models.)

HIGH ACCURACY OVER A BROAD TEMPERATURE RANGE:
3% from —20°C to +71°C, £5% from —55°C to +85°C, +10%
from =55°C to +4125°C.

INHERENT RELIABILITY guaranteed by design simplicity and
solid state silicon components. All units can be built to meet
Minuteman reliability specs.
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MANY OTHER FEATURES, including minimum power drain,
fast automatic recycle and voltage regulation. Units are available
with solid state or relay output, fixed or adjustable timing, and
with delay on operate or release.

CHOICE OF 6 CONFIGURATIONS: Standard MS, Double Crystal
Can (2), Crystal Can (2), and Half-size Crystal Can, with a wide
variety of mounting and terminal configurations.

CUSTOM DESIGNS WITH SPECIAL CAPABILITIES can be
produced to meet your most stringent requirements. Extended
timers with up to 3 years delay. Accuracy to +.02%. Multiple
output programmed events.

FOR PROMPT DELIVERY of
standard units, or regarding
custom orders, see your Leach
representative, or write, wire

or phone:
CORPORATION
CONTROLS DIVISION
717 North Coney Avenue, Azusa,
California « Phone: (213) 334-8211
Export: LEACH INTERNATIONALS.A.
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15 YEARS OF R & D

AT INTERNATIONAL RECTIFIER

ADVANGES U.S. MILITARY EFFORT

EL SEGUNDO, CALIF.—From the bottom of the
sea to the farthest reaches of outer space...IR's
components have demonstrated the success of
fifteen years of research and development to
advance the U.S. military effort.

Silicon rectifiers resulting from the programs
have contributed to many highly varied military
projects. Among them have been IR’s superpower
oil-cooled Rectifier Columns, which are a part of
the Ballistic Missile Early Warning System
(BMEWS), and HAYSTACK HILL—the largest
research radar antenna ever built—designed
around IR's superpower rectifier systems.

HAYSTACK HILL, TYNGSBORO, MASS.

Other notable military projects which have
incorporated iR components are Polaris-equipped
nuclear-powered submarines, which contain IR’s
70 and 150 amp rated silicon controlled rectifiers,

supplied to function as 3-phase AC motor speed
controls; and TIROS, NIMBUS, and Space Project
823 Satellites for which International Rectifier

NUCLEAR POWER SUBMARINE

produced solar cells which provided on-board
power. Eight of the TIROS Weather Eye satellites
contained IR's P/N type cells, and a new TIROS
series will carry IR’s N/P type, radiation resistant
cells. All satellites launched have been highly suc-
cessful, and IR continues to supply all cells for
the entire project.

In terms of aerospace performance, IR solar
cells and solar panels have logged millions of
miles of space flight, providing an inexhaustable
supply of electrical power under the most radicat
environmental conditions. Their reliability is
clearly demonstrated by the fact that, after thou-
sands of hours in orbit on a continuous duty basis,
space vehicles incorporating IR solar cells are
still transmitting data powered by their undimin-
ished solar generators.

Other contributions by IR to the national mili-
tary effort have been the development for the
U. S. Naval Ordnance Laboratory of a de-sensitized
silicon controlled rectifier which would respond
to activation and yet be relatively insensitive to
all radio frequencies; and Project Mercury, for
which Dallons Labs, IR's Medical Electronics Divi-
sion, subcontracted physiological data monitoring
equipment by which Astronauts Glenn and Carpen-
ter sent signals picked up at 14 tracking stations
around the world.

These projects and hundreds more of paramount
importance to the military defense effort of our
nation have given International Rectifier a unique
repository of experience in fulfilling research and
development contracts and in developing new
ideas for government agencies concerned with our
country’s defense.

To put this experience to work on your projects,
contact Larry Dudley, Director of Government
Liaison at International Rectifier Corporation, El
Segundo, California, Telephone ORegon 8-6281.

SPACE PROJECT 823

4

-‘-’ v .

=== |[NTERNATIONAL RECTIFIER

INTERNATIONAL RECTIFIER CORPORATION 233 Kansas St., El Segundo, California

AD Nirnla A9 An raadar carvieras rard
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Pentagon rejects
ComSat proposal

Job corps studies
teaching machines

Nike-X radar
ready for tests

Washington Newsletter

July 27, 1964

Secretary of Defense Robert S. McNamara has decided to proceed with
plans for an all-military communications satellite system, rather than lease
capacity in the Communications Satellite Corporation’s commercial
system. The Defense Department wanted tighter United States control
over the satellite system than the State Department thought politically
wise.

McNamara’s decision may not be final. There are some reports that
ComSat may design its satellites so that military communications still
could be handled if the Pentagon should change its mind. After inter-
national agreements for the commercial system are signed, the question
of Pentagon participation in the commercial system may be reopened.

Representatives of 18 countries met in Washington on July 21 to
hammer out international participation in the venture.

A design for the commercial system won't be selected much before
the fall of 1965. The military system is scheduled for 1966. Officials say
there would be plenty of time for the commercial system to accom-
modate military use if the Pentagon should change its mind.

The job corps in President Johnson’s “war on poverty” looks like a
potential market for companies involved with electronic teaching
machines.

In teaching new skills to workers, the corps should seek new tech-
niques for mass education, these companies reason. For months, Sargent
Shriver’s job-corps staff has been discussing advanced teaching tech-
niques with representatives of the International Business Machines
Corp., Westinghouse Electric Corp. and others. The discussions have
touched upon the possible use of computer-based teaching systems.

The System Development Corp., a nonprofit research company that
works only for government clients, is also working with Shriver’s staff on
the need for a computer system to handle information and internal
control for the job corps. The clients think such a system is needed to
keep track of the 200,000 trainees the corps is expected to enlist in the
next couple of years. If not computerized, the paperwork could swamp
the whole project, they say.

Congress is expected to act soon—before the Democratic National
Convention—on legislation to create the job corps.

The heart of the Nike-X antimissile system—the Multifunction Array
Radar—is now operating in a test version at White Sands Missile Range,
N. M.

But a decision on whether to produce and deploy the Nike-X won't
come until the end of this year and possibly later. Although impressed
by the system, Defense Secretary Robert S. McNamara wants answers to
detailed technical, strategic and economic problems before coming to a
decision.

Nike-X installations located around 20 cities containing 30% of the
nation’s populations would cost $15 billion to $17 billion to install and
$1 billion to $2 billion a year to operate. McNamara believes that such
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Panel may assay
automation’s effects

Pentagon plans
more cost cuts

Washington Newsletter

a system should be accompanied by a fallout shelter program. Aside from
the cost, another major question is what reaction the installation of the
system would provoke from the Soviet Union.

The multifunction array, which combines the functions of three radars
into one concrete-and-steel package, detects missiles at long ranges,
tracks them, and discriminates between live warheads and decoys. Later
versions, more sophisticated than the prototype at White Sands will be
installed at Kwajelein Island in the Pacific Ocean.

Congress will create a national commission on technology, automation and
economic progress before adjourning this year, according to Adminis-
tration leaders. The bill has already been reported out by the House
Labor Committee; the Senate Labor Committee will approve it soon.
No serious opposition is expected.

The bill would authorize the President to establish a 14-member
commission of experts outside the government. The commission would
predict the impact of technological and economic changes, including
shifts in defense spending, on production and employment for the next
10 years. The Commission would also define needs toward which new
technologies might be applied, and recommend ways in which the
government might ease the industries” adjustment to these changes.

The commission would report to Congress and the President by
Jan. 1, 1966.

The Pentagon plans to intensify its cost-reduction drive. With great
fanfare, Defense Secretary McNamara announced that savings in fiscal
1964 reached $2.5 billion, a billion dollars above the original target.
Furthermore, he promised savings at an annual rate of $4.6 billion by
fiscal 1968, an increase of $600 million above the previous goal for that
year. “We haven’t begun to scratch the surface,” McNamara declared.

Much of the saving is credited to a shift to competitive contracting.
In the first half of fiscal 1964, 38.6% of prime contracts were awarded
on the basis of price competition, 6% more than 1961. McNamara
estimates that each dollar shifted into competitive procurement results
in a 25-cent saving.

In addition, cost-plus contracts have dropped to 12.1% of the total
from a high of 38% in mid-1960. Each dollar shifted from cost-plus to
other types of contracts results in a saving of 10 cents, according to
McNamara.

Pentagon officials give this breakdown of the $2.5 billion saving
during the past year: $1.4 billion by “buying only what is needed” and
by such cost-cutting techniques as value engineering; $450 million from
the shift from cost-plus and noncompetitive contracting; $450 million
by the closing of military bases and other reductions in operating
expenditures.

One byproduct of the cost-cutting drive has been a reduction in
engineer employment in defense industries. Defense officials say the
trend leads to the dismissal of engineers who had been held in reserve
by contractors. Extra engineers were not a great expense in a cost-plus
environment and they enabled contractors to be in a better position to
fight for contracts.
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How Sigma Instruments, Inc., cut its reject rate to less than 1%!

PROBLEM: Absolute cleanliness of relay con-
tacts is vital to the reliability of miniature remote-
controlled switches. Sigma Instruments, Inc.,
Braintree, Mass., was previously cleaning contacts
with a chlorinated spray, which distributed contam-
inants over a large area without completely remov-
ing them. In-plant rejects were as high as 55%.

SOLUTION: Relay contacts are now cleaned in
an ultrasonic hath of FREON® fluorocarbon solvent
coupled with vapor rinsing. Ultrasonic action, com-
bined with the extremely low surface tension and
high density of FREON, removes contaminants from
the tiniest openings. Result: Sigma reports that
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FREON solvents give them outstanding cleaning
quality and that their reject rate has dropped to
less than 1%.

Sigma also points out that FREON dries quickly and
leaves no residue. Its very low toxicity and non-
flammability permit operation without expensive
ventilating equipment. What's more, the new sys-
tem is economical to use because FREON can be
recovered in readily available equipment—for re-
use over and over again.

Wherever you have a cleaning problem, FREON sol-
vents can improve operations and cut costs. First,
send the coupon for information on cleaning.

FREON

SOLVENTS

Better Things for Better Living
... through Chemistry

I

i

l

|

|
MAIL COUPON FOR BOOKLET ON CLEANING :
E.!. du Pont de Nemours & Co. (Inc.) i
FREON Products Division E-1 |
N-2430 F, Wilmington, Delaware 19898 |
I

|

|

|

I

|

|

Name Title.

Company

Address
Please send new booklet on FREON solvents for precision
cleaning.

faminterested in cleaning
O | would like Du Pont to send a cleaning specialist.
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Tektronix oscilloscope
displays both time-bases
separately or alternately

NEW TYPE 547 and 1A1 UNIT

DUAL
TRACE

DC-to-50 MC
50 MV/CM

DC-TO-28 MC, 5 MV/CM

SINGLE
TRACE

2 CPS-to-15 MC
500 [LV/CM

(CHANNELS 1 AND 2CASCADED)

With automatic display switching, the

Some Type 547 /1A1 Unit Features

New CRT (with internal graticule and con-
trollable iflumination) provides bright “no-
parallax” displays of smali spot size and
uniform focus over the full 6-cm by 10-cm
viewing area.

Calibrated Sweep Delay extends con-
tinuously from 0.1 microsecond to 50
seconds.

2 Independent Sweep Systems provide
24 calibrated time-base rates from 5 sec/cm
to 0.1 usec/cm. Three magnified positions
of 2X, 6X, and 10X, are common to both
sweeps—with the 10X magnifier increasing
the maximum calibrated sweep rates to
10 nsec/cm.

Type 547 provides twgp independent

oscilloscope systems in one
cabinet, time-sharing a

single-beam crt.

" Type 547 also uses

"%7 “letter—serles"

Single Sweep Operation enables one-
shot displays for photography of either nor-
mal or delayed sweeps, including alternate
presentations.

2 Independent Triggering Systems
simplify set-up procedures, provide stable
displays over the full passband and {o be-
yond 50 Mc, and inciude brightline auto-
matic modes for convenience.

Type 547 Oscilloscope . . ... .... $1875

(without plug-in unit)
Type 1A1 Dual-Trace Unit ... ,.. $ 600

Rack-Mount Model Type RM547 . $1975

U.S. Sales Prices f.0.b. Beaverton, Oregon

For a demonstration, call your Tektronix Field Engineer

P.O. BOX 500 + BEAVERTON. OREGON 97005 -

Tel( tronix , Inc. / TWX: 503-291-6805 - Cable: TEKTRONIX - OVERSEAS DISTRIBUTORS IN 25 COUNTRIES

Phone: (Area Code 503) Mitchell 4-0161

R . Single-exposure photograph.
2 signals — different sweeps

Upper trace is Channel 1/A sweep, 1 usec/cm.
Lower trace is Channel 2/B sweep, 10 usec/cm.

Using same or different sweep rates (and sensi-
tivities) to alternately display different signals
provides equivalent dual-scope operation, in many
instances.

Triggering internally (normal) permits viewing
stable displays of waveforms unrelated in frequency.
Triggering internally (plug-in, Channel 1) permits
viewing frequency or phase differences with re-
spect to Channel 1.

. R Single-exposure photograph.
same signal — different sweeps
Upper trace is Channel 1/A sweep, 0.1 usec/cm.
Lower trace is Channel 1/B sweep, 1 usec/cm.
Using different sweep rates to alternately disglay
the same signal permits close analysis of waveform
aberrations in difterent time domains.

. . Sinqlc-exnosure_ photograph.
2 signals — portions of each magnified

Trace 1 is Channel 2/B sweep, 10 usec/cm.

Trace 2 (brightened portion of Trace 1) is
Channel 2/A sweep, 0.5 usec/cm.

Trace 3 is Channel 1/B sweep, 10 usec/cm.

Trace 4 (brightened portion of Trace 3) is
Channel 1/A sweep, 0.5 usec/cm.

Using sweep delay technique—plus automatic

alternate switching of the time bases—permits

displaying both signals with a selected brightened

portion and the brightened portions expanded to

a full 10 centimeters.

B sweep triggering internally from Channel 1 (plug-

in) assures a stable time-related display without

using external trigger probe.

. Telex: 036-691

TEKTRONIX FIELD OFFICES in principal cities in United States. Consult Telephone Directory

Tektronix Australia Ply., Ltd., Melbourne; Sydney « Tektronix Canada Ltd., Montreal; Toronto

Tektronix International A.G., Zug, Switzerland « Tektronix Ltd., Guernsey, C. /. - Tektronix U. K. Ltd., Harpenden, Herts
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If you ship from
5 to 50 pounds anywhere in the U.S.
you’re missing a bet

...unless you check Air Express.

There are many reasons why. For ex-

ample. you can actually ship a 20
pound package from New York to
Chicago by Air Express for less than
motor carrier ($0.20 vs. $6.82)...and
at a sizable saving in time.

Among air cargo services, Air Ex-
press is often cheapest and quickest too.

Another point. Air Express rates
are figured door-to-door. You only

Electronics | July 27, 1964

have one call, one waybill.

And there’s more. Air Express can
deliver by sunset tomorrow to any one
of 21,000 U.S. cities. Pickup is made
within 2 hours of your call. Your pack-
ages get top priority on every sched-
uled airline after air mail.

On the ground, 10,500 delivery
trucks speed deliveries between you,
the airports and your customers. Com-

pare this with any other service.

Air Express is a joint venture of all
39 scheduled airlines and RE A Ex-
press. No wonder it gives you the best
service in the air and on the ground.

Next time you ship from 5 to 50
pounds. try Air Express. Simply call
your R £ A Express agent.

Air Express outdelivers them
all...anywhere in the U.S.A.

@

®
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Air Express

Division of RE A Express
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MINCOM’'S NEW TIDAX 1.5-mc RECORDER/REPRODUCER

The new TIDAX is a head-on approach to your problems in telemetry and general instrumentation.
This high-performance Recorder/Reproducer provides a full fourteen 1.5-mc tracks in one rack
~—with fully automatic equalization at all speeds. Wideband FM (DC to 500 kc) is available without
modification. Signal-to-noise ratio (RMS/RMS) is 25 db at all speeds. TIDAX telemetry capabil-
ities include simultaneous post- and pre-detection recording in PCM, PCM/FM, PAM/FM, PACM
and FM-type carrier systems. Mincom’s exclusive DC Top Plate is rugged, simple and reliable — full
dynamic braking, instant push-button speed control, tape change from 14” to 17 in less than ten
minutes. Write today for details and complete specifications.

Mincom Division 3“::'

300 South lewis Road, Camarillo, 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, Winler
Park, Florida * 2121 Santa Anna Avenue, Dallas, Texas + Eltron Enginecring Sales, Inc., 246 Walnut Street, Newtonville, Massachusetts
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MODEL 662

Digital readout for quality control
and incoming inspection testing.
Optional digital
vides accurate, repeatable trip

comparator pro-
points. Can be quickly programmed
for both high and low limits on each
of the 36 tests. Recording output for
a tape punch. typewriter, card punch
or digital printer. Both automatic
and manual handling equipment can
be furnished for a varicty of devices.

INDUSTRIAL
PRODUCTS
GROuUP

Electronics | Julv 27. 1964

with Integrated Circuits
the big problem }%sting

here are the BIG problem solvers

MODEL 659A

A fast go/no-go instrument designed
for high-volume production and
incoming testing. Short test times
permit a com-
plete 36-test
scquence in
less than 2
seconds. Four
programmable
power sup- h
plics provided.

e 36 d-c tests
e 14 active leads
e Kelvin connections

e “Do it yourself”
programming

® .05% power regulation

® Less than 1-mv long-
term drift

e All logic types

MODEL 659B

Similar to the 659A with space and
connections
for digital
voltmeter. In-
cludes two
fixed power
supplies and
cight pro-
grammable
power sups-
plies.

TEXAS INSTRUMENTS

INCORPORATED

P. O. BOX 66027

HOUSTON 6, TEXAS
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INTRODUCING the New, Versatile
Thin-Line ” Porcelain Capacitors

% 0.5 pf to .01 mf :
*«-55°C to +125°C operation ”{
X Ratings to 100 vdc

a,,___—
SShil as,

e
&
&
g

FACE RADIAL EDGE RADIAL

. » « With outstanding electrical and physical characteristics
to meet all your requirements for design and performance!

% CHOICE OF TEMPERATURE COEFFICIENTS 3
+105x:25 ppm/°C and 025 ppm/°C. (From £y th
+105+25 ppm/°C to—100+25 ppm/°C available.) fSe%et(L:JIrgstinese

% CHOICE OF LEAD MATERIALS > any combination
Solder Coated Copper, Dumet, Nickel A, etc. to meet your

X CHOICE OF LEAD CONFIGURATIONS 0 s Sililciined)
Axial, Face Radial, Edge Radial J

X% THIN-LINE DESIGN New space-saving feature

% MONOLITHIC CONSTRUCTION "

* HIGH RF CURRENT CARRYING CAPABILITY

% LOW DISSIPATION FACTOR

¥ HIGH INSULATION RESISTANCE Quality features

in all

* éVéL%sl_Ilgﬁgs SEVERE ENVIRONMENTAL >HVY11 Capacitors

X TEMPERATURE STABILITY

X FREQUENCY STABILITY

* DEMONSTRATED RELIABILITY J

© Vitramon, Inc. 1964 See us at WESCON, Booth Nos. 324-325.

in United Kingdom contact:

e . s e e . e s
— l’mmm Vitramon Laboratories
Y/ 4 7 INCORPORATED Linuad
45 Holloway Lane
4 !

BOX 544 « BRIDGEPORT 1, Harmondsworth, Middiesex

CONNECTICUT, U.S.A England
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MORE THAN 1,000 STANDARD ADC’s
FROM A LIBRARY OF 13 BASIC CARDS

4
i
[
§
s
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® Accuracies to 0.01%

e Conversion speeds to 30,000 per second

Astrodata low cost Series 3000 Analog-to-Digital
Converters meet the requirements of virtually all data
acquisition systems with 1088 standard production
models. From these you can select the full scale
range . .. speed ... accuracy ... sample-and-hold
... resolution . . . output format best suited to your
specific system.

Designed for easy integration into existing or new

® 9

B 35 l

2 9 C}?

., |
|

data acquisition systems, standard features include
individually buffered data output lines . . . adjustable
output logic levels (clamped) . . . wiring installed for
future addition of input amplifier or sampie-and-hold
circuits . ., front panel readout of data (including
polarity)...and isothermal environment of converter
network and reference voltage diode to assure maxi-
mum accuraCy over wide temperature range.

Series 3000 ADC’s ideal for use with time-multiplexed input data

o bud ot an sl bobe

HIGH LEVEL MULTIPLEXERS

Model 155-83 low cost, high-level-input multiplexer
module has been developed for high speed analog
switching applications.

Inputs percard. . .. ... .. . .. 6 one-wire or 4 two-wire

Input Voltage . ... . .......... . ... .. . .. 5 volts
Switching Time. . . ... ...... .. . <5 usec
Crosstaltk . ... .. ............ AR 0.01%
Input Impedance......... 1000 megohms/number of

Switches in multiplexer group

o

Contact your nearest Astrodata represen-
tative today for a demonstration or write
for technical literature giving complete
specifications.

Electronics | July 27, 1964
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MULTIPLEXER ASSEMBLIES

Series 950 multiplexer assemblies consist of cards,
shown at left, for singie ended channels in multiples
of 6 or differential channels in multiples of 4. Power
supply and output buffer amplifier are included. Chan-
nel identification data can be furnished in binary or
BCD form. The multiplexer channels can be addressed
directly by computers or advanced sequentially to meet
the requirements of specific systems applications.

17

ASTIROIDATA XNC.

240 E. Palais Road « Anaheim, California

Circle 51 on reader service card
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ELECTRONICS

FROGSISS IN RSCTINIA COMPONINIS

TRIAC

a new semiconductor simplifies AC full-wave control circuits . . . reduces
circuit size and cost . . . and is now available in 6 amp and 10 amp ratings!

The “TRIAC” is a new three-electrode AC semiconductor
switch which is triggered into conduction in either direction
by a gate signal (it's actually a power “integrated” circuit).
Basically related 1o the SCR, the TRIAC simplifies control
of full-wave AC power by reducing the number of power
handling components, by generally eliminating need for
transient voltage suppression, and by reducing the size and
complexity of the gate control circuits. The illustrated cir-
cuits show a simple full-wave AC static switch using the
TRIAC, compared with the more complex circuit using

THYRECTOR
—_ 6RS205P585 0
LOAD 600 W
600W | 1003 (¢ 120V
Q ? <>(N|692 60 CPS 1008
SCR
o TRIAC
120V 1000
60 CPS —
@% - x
MAGNETIC
REED
SWITCH " GL
SCR.
IN1692 1000 c208 MAGNETIC /
<Y REED SWITCH
© 4 1
52

multiple SCR’s necessary to perform the same function.

If you’re interested in applications such as static power
switching, temperature controls, lamp dimming, motor
speed controls, and many others, you should look into the
TRIAC, available in compact and rugged stud or press fit
housings. You’ll also e interested in the new DIAC (diode
AC switch) to trigger the TRIAC and SCR’s. See vour G-E
Semiconductor Products District Sales Manager today, or
write Rectifier Components Department, Section 16G125R,
General Electric Company, Auburn, New York.

TRIAC Specifications

Breakover
Voltage, Ver

Load Current, It

21257

+200 volts min.

6 amps rms AC max. at stud
temperature=75°C,

full conduction (600 watts
incandescent lamp load)

21290

4200 voits min.

10 amps rms AC max. at stud
temperature=75°C,

full conduction (1KW
incandescent lamp load)

Typical
Gate Triggering
Requirements
Ve +3 volts, Ty=25°C +3 volts, Ty=25°C
le 4+ 50 milliamperes, Ty=25°C +50 milliamperes, T)=25°C

Available through your G-E Semiconductor Distributor

GENERAL @ ELECTRIC
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Technical articles

Highlights

Heat transfer makes low-frequency integrated circuits work: page 54
Harnessing thermal-electric interactions in silicon produces a new
integrated circuit with a frequency response below 100 cycles per
second. The new technique permits the design of linear circuits—
oscillators, filters and time-delay networks—useful in many
instrumentation applications.

Optoelectronics at work: page 58

Photons overcome a lot of the limitations of magnetic coupling in
electronic networks. Some useful applications include small-signal
linear amplifiers, high-voltage regulated supplies, modulators and
demodulators, oscillators and signal generators, mixers and
time-varying switches.

Bird’s-eye view of the weather: page 81

New satellites will carry automatic picture-transmission systems to
send to the ground a topside look at the atmosphere. Now a relatively
simple receiving station makes it possible for many commercial users
who worry about the weather—airlines and utilities, for example—

to receive satellite pictures of overcasts and cloud formations.

Automatic circuit tester: page 76

A small computer does more than automate production testing; it
adds procedures that are impossible to carry out any other way. The
result is better quality with faster and less expensive testing.

Coming
August 10

» Highlights of the Wescon program
» Understanding pnpn devices

» ComSat’s first satellite

» Driving light-emitting diodes

53



Microelectronics

Low-frequency integrated circuits
achieved with thermal transfer

They make it possible to build smaller oscillators,

filters and delay networks for below 100 cps

By W.T. Matzen and R.A. Meadows

Texas Instruments, Inc., Dallas, Tex,

The inability to obtain inductances or large resist-
ances and capacitances in semiconductor integrated
circuits has prevented the design of circuits requir-
ing frequency response below 100 cycles per sec-
ond. Now a technique has been developed that
permits linear circuits, such as oscillators, filters
and time-delay networks, to be designed for this
range.

The technique, which uses thermal-electrical in-
teractions in silicon, could be useful in many instru-
mentation applications of microelectronics, such as
surgical iinplants in medical electronics and detec-
tion of low frequency transducer signals.

Basically, the method is to replace conventional
resistors and capacitors with thermal transfer ele-
ments that can be fabricated in microcircuit size.
Thermal propagation permits the functions of fre-
quency sclectivity and phase shift that, with elec-
trical networks, would require large values of re-
sistance and capacitance. For example, the lower
frequency range of conventional RC oscillators
that can be fabricated in integrated-circuit form is
limited by present technology to a few hundred
cycles. Using the technique described here, stable
oscillators at frequencies lower than 10 cycles
per second and low-pass filters with frequencies
less than 1 cps can be realized in a size compatible
with the standard integrated-circuit flat package.
These filter and oscillator circuits, which use
thermal transfer clements and other applications
of thermal phenomena, are expected to have a
significant effect on future semiconductor-network
technology.

Thermal transfer element

The transfer element shown on p. 55 consists of
a heater transistor and sensor transistor built into
a common silicon substrate by means of conven-

54

tional semiconductor network technology. A sinu-
soidal current in the heater transistor produces a
variation in power dissipation at the collector-base
junction, causing a change in the junction tempera-
ture. The temperature fluctuation propagates
through the bar to the emitter-base junction of the
sensor, producing a variation of current in the
sensor transistor and an output current. For a sine-
wave input under small-signal conditions, all these
quantities vary sinusoidally.

The transfer function of the thermal element is
defined as

F = Jfout
2in

(1)

The frequency response of this function may be
related to physical parameters using the expression

Ts

Flo) = 45~ = 4,7 () 2 («) 2
g
where
= Tn
V) = 57 ®)
is the thermal impedance of the heater transistor,
- Ts
Bw) = @

is the propagation factor of the temperature wave
from the heater to the sensor. A; is a constant, de-
pendent upon heater and sensor circuits. Py is the
sinusoidal input power to the heater and Ty and
Ts are the sinusoidal temperature swings at the
heater and sensor, respectively.

Heat transfer analogy

The heat flow into the bar, the heater tempera-
ture and the sensor temperature are related through

Electronics | July 27, 1964



Vcc Vee A
The bar used for the termal filter and oscillator
THERMAL PATH is mounted in a circuit board used for testing packaged
: semiconductor networks. The bar contains several
transistors, and leads are brought out to contacts for
five of these. Counting from the open end, the first
transistor is the sensor and the fourth is the heater.
Numbers 2, 3 and 5 are connected as diodes for
monitoring steady-state temperature. The opposite
end of the bar is soldered to a copper slug
mounted to the circuit board.

Thermal transfer element consists of heater and sensor
transistors in a common silicon substrate.

HEAT SENSOR  HEAT SOURCE HEAT SINK
Jposmon POSITION POSITION
\ HEAT
7 X \ SINK
p—s S
—

— i |[ |

OL > X l L2

Ji=2= OPEN SHORT

E Z z
T T T T CIRCUIT  ~0C oc sC CIRCUIT
_ ‘ , | A+ == St 6
A B

The heat-transfer analogy consists of a semi-infinite bar (A) and an RC transmission line, where heat
flow is analogous to current and temperature to voltage. The configuration (B) of the transfer
element has a thermal path to a heat sink; this limits the steady-state temperature rise. The response
for the RC equivalent circuit is similar to that of a distributed low-pass filter. The useful

component of heat comes from the flow of a-c energy (shown in color) from the heater to the sensor.

Elantcanmina | e 7 10242 RR



the classical heat-flow equation with appropriate
boundary conditions. A simple configuration,
shown on p. 55, may be used to establish these
relationships. The semi-infinite bar has a heat
source at one end. Semi-infinite denotes a bar
placed at the origin of a set of x, y and z axes,
with infinite length in the positive x direction.

The assumptions are that heat is applied uni-
formly across the end surface of the bar and that
the top, bottom and sides are perfectly insulated.
The solution to the heat equation is identical in
form to that of an RC transmission line where heat
flow is analogous to current and temperature to
voltage. The analogy is shown on p. 55. The ther-
mal bar is driven by a constant heat flow, P, which
is independent of bar temperature. Analogously,
a constant current, I, drives the transmission line.
This establishes an input temperature

T, = P¥ (5)

where T, corresponds to E,, the input voltage, and
¥,, the characteristic thermal impedance, corre-
sponds to the characteristic impedance Z. A tra-
veling wave of temperature is established of the
form

T(x,t) = T, eo= giwt=h2), (6)

Based on these analogous relationships, the well-
known transmission-line equations may be used to
determine the transfer characteristics of a more
complex structure.

The configuration used for the thermal transfer
element is shown on p. 55. A thermal path to a heat
sink is provided to limit the steady-state tempera-
ture rise resulting from the d-c power dissipation
of the heater transistor. This configuration provides
efficient a-c coupling between heater and sensor
with good dissipation for the d-c power.

Transmission-line analogy

The transmission-line analogy for the thermal
transfer element is an RC equivalent circuit with
a response similar to that of a distributed low-pass
filter. Measured amplitude and phase response for
a thermal element is shown at the right. For fre-
quencies approaching zero, the amplitude response
approaches the value

T's(0)
Py(0) @
where ¥(0) is the d-c¢ thermal impedance from the
heat source to the heat sink.

The corner frequency—the frequency at which
the magnitude of the response decreases by three
decibels—is determined by ¥(0) and the heater-to-
sensor spacing. For the geometry considered, the
corner frequency is about 1 cps. This could be re-
duced somewhat by increasing the spacing L, and
L, of the thermal bar.

F) = A, = A4,%(0)

Thermal feedback amplifier

The thermal transfer element can be connected
as a feedback loop around an amplifier. For this
case the transfer characteristic is

_—4
1+FA

in which A is the open loop current gain of the
amplifier and F is the thermal transfer function.
The calculated transfer function A’ is plotted for
several values of A (p. 57). For low frequencies,
feedback is negative and the amplifier gain is low.
The peak in the response curve occurs at the fre-
quency for which the thermal element has a phase
shift of 180° and the amplifier becomes regenera-
tive. Feedback is decreased at high frequencies,
and the response approaches that of the open-loop
amplifier.

A= ®

Low-frequency oscillator

A low-frequency oscillator was realized using the
feedback amplifier as a direct-coupled transistor
circuit. As shown by equation 8, oscillation occurs
at the frequency for which the thermal transfer
function has a phase lag of 180°, provided that
|[FA| = 1.0. For example assume that at 180 de-
grees A is 200 and F is 0.005. Since F is negative
for a phase shift of 180 degrees the denominator
of equation eight becomes zero which is the con-
dition for oscillation. The frequency of 180°
phase shift (fi3) may be related to the physical
constants of the bar, using the transmission line
analogy. The thermal impedance presented to the
source is the parallel combination of the input im-
pedances of a short-circuit line and an open-circuit
line.

Since the spacings L, and L, exceed one-quarter
of a wavelength at f,3, it may be shown that each
input impedance approximates the thermal char-
acteristic impedance, ¥,. As in the case of the RC

TEMPERATURE SENSING HEAT PRODUCING
( TRANSISTOR TRANSISTOR
001N A, X AN
—
S |
U L]
0.02§ —0.060——>
COPPER HEAT smx&
0 -0
o 130
; “10 = _':‘ 60 u&J
w 902 J90 &
o ~20}|- B o
= J120 &
& —30f- 150 =
Z 180%) j180 2
W =40~ == AMPLITUDE 4210 o
5 _sol T PHASE _:: 290 <
o Jer0 &
* _s0 ] 1 1 1 3300
0.01 0.1 1.0 10 46100 1000

FREQUENCY IN CYCLES PER SECOND .

At the sensor junction, thermal transfer element
generates 8.4 millivolts per watt of heater power at a
frequency of 50 cycles. This voltage increases at lower
frequencies. The bar is mounted in air, but others

have been mounted on insulators of high

thermal resistance.



line, the characteristic impedance has a phase lag
of 45°. Similarly, the resultant input impedance of
the bar has a phase lag of 45°.

From equation 2, the transfer function will have
a phase angle of 180° when the propagation factor
® has a phasc lag of 135°—the thermal impedance
¥ lags by 45° as in the case of the analogous RC
circuit. This corresponds to the relationship

3r

BIJ-_) £= T (9)

where

wpC
B = / 5
‘\ 2k
is the phase constant of the thermal wave through
the bar. The physical constants of equation 10 are

given above for silicon. From equations 9 and
10, the frequency of 180° phase shift is

Poe k 3_7:_2
0= o :Lg

The calculated frequency for 180° phase shift at
300°K is 40 cps, compared with a measured value
of 46 cps.

(10)

(11)

Temperature effects

Shown to the right, f,5 for the thermal element
varies approximately inversely with the absolute
ambient temperature, T4, This is as expected since,
from equation 11, fig, varies directly with the
thermal conductivity, k, which is inversely propor-
tional to T,. However, the measured oscillation
frequency varies only 1% over an ambient tempera-
ture range of 50°C. Also, the substrate temperature
is held practically constant for large changes in
ambient temperature. This is because, at d-c, the
amplifier and thermal feedback element comprise
a negative feedback system that tends to maintain
the substrates at constant temperature regardless
of ambient temperature.

The average power dissipation of the source
transistor decreases as ambient temperature in-
creases, such that the substrate temperature in-
crease cquals the ambient temperature increase
divided by the loop gain.

Although these experimental circuits use external
components. thev could be completely integrated
into a common substrate using conventional semi-
conductor network technology.

The authors

»

Walter T. Matzen is manager of
the Molecular Functions Branch of
Texas Instruments, Inc. He
obtained his doctorate in electrical
engineering from Texas A&M

in 1954,
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Thermal constants for silicon at 300°K

k — Thermal conductivity = 0.21 cal/sec cm®C
¢ — Specific heat =0.181 cal/gm° C

p — Density =233 gm/cm?
40 1
35 v Loyt .';'I‘w'

— — i “\‘
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The peak in the response curve of the thermal feedback
amplifier occurs at the frequency for which the thermal
element has a phase shift of 180 degrees. One curve
represents a measured response for one vaiue of the
open-loop gain. This response is in good agreement with
calculations.
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inversely with the absolute ambient temperature (A).
The substrate temperature is essentially

constant for large changes of ambient temperatures (B).
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Robert A. Meadows, also of Texas
Instruments, Inc., is investigating
the dielectric properties of
field-effect transistors. He is
completing work on a master’s
degree in physics at Southern
Methodist University.
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Solid state

Optoelectronics at work

Photon-coupled devices provide electrical isolation
in applications ranging from oscillators to signal

generators, modulators to multiplexers.

By Irwin Wunderman,
hp Associates, Palo Alto, Calif.

Conventional devices such as transistors and
vacuum tubes use electrons for coupling signals
thru the device. Because of the electron’s charge,
such structures do not have a high degree of
isolation between the input and output circuits. To
achieve this isolation function, a transformer is
often used to isolate various parts of a network.
Magnetic coupling has the disadvantage of being
limited in bandwidth, impractical at low frequen-
cies, useless at d-c, and not unilateral.

The disadvantages of agnetic coupling, and
many of the problems associated with electron
coupling in general, such as internal feedback and
extraneous pickup can be overcome by using
photons—a beam of light—as the coupling
medium.

The cover

| Electronlcs

Photons are used,
instead of electrons, for
coupling circuits in a
new family of solid-state
components. The result:
input-output isolation
far beyond that of
conventional devices.

YOpower s st pag
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The isolation afforded by the light beam is far
superior to that of electron coupling because, when
light is used as a signal carrier, the input and out-
put circuits are electrically separate. Coupling be-
tween circuits at widely different potentials and
over a frequency range from d-c to device cutoff
is now possible.

A family of solid-state components has been
developed to exploit the advantages of optical
coupling. These consist basically of an injection-
luminescent diode as a light source, a light pipe
as an optical transmission medium, and a silicon
photodetector.

When the diode is driven by an input signal, it
emits a beam of infrared light, providing a photon
stream proportional to the signal current. The
stream travels through the light pipe to the de-
tector. The detector’s output current or voltage is
then proportional to the diode’s input.

The device is called an optic amplifier or a
photon-coupled amplifier.

Properties of the amplifier

One version of the photon-coupled amplifier, the
hpa 4302, consists of a gallium arsenide (GaAs)
injection-luminescent diode irradiating a high-beta
silicon phototransistor. The over-all current gain
of the structure is close to unity with the base lead
open. Under these conditions, the bandwidth is
limited to several hundred kilocycles by the beta
cutoft frequency of the phototransistor. Gain and
bandwidth may be exchanged to some degree by
connecting external conductance between emitter
and base leads.

Where isolated coupling is required over greater
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The basic configuration of the photon-coupled amplifier
has three elements—the injection-luminescent diode
input, the light pipe and the silicon phototransistor
detector which provides the output signal.

bandwidths, the hpa 4301 photon-coupled isolators
can be used. These have a silicon PIN photodiode
instead of a phototransistor. The frequency re-
sponse is greater by two to three orders of mag-
nitude, with a correspondingly lower current gain.
In both these structures the emission from the
GaAs source is coupled to the photodiode photo-
detector by means of a coherent-image bundle of
optic fibers. The hpa 4104 consists of the source
and an optic bundle, and can be used with a de-
tached detector. Similarly the hpa 4202 phototran-
sistor and the 4201 PIN photodiode are separate
components, each in a package with a fiber-optic
window.

The use of a coherent-image optic bundle enables
the active semiconductor area to be projected to
the exterior area of the package, thereby minimiz-
ing the need for external optics. A generalized
comparison of photon-coupled and electron-cou-
pled devices is shown on page 60.

Basic device operation

The photon-coupled amplifier shown above is an
hpa type 4302. The input is a gallium arsenide
(GaAs) injection-luminescent diode that emits light
(photons) approximately proportional to the num-
ber of electrons flowing in the diode. This propor-
tionality exists because a large fraction of the
minority carriers, which are injected under forward
bias, recombine radiatively giving up their energy
to form photons. However, only a portion of the
photons so generated emanate from the semicon-
ductor; the remainder are reflected from the sur-
faces and subsequently reabsorbed. The ratio of
externally-emitted photons to the number of elec-
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trons flowing in the diode is called the external
quantum emission efficiency—typically 0.1% to
0.3%. It is the device designer’s objective to maxi-
mize this efficiency and to transmit the photons to
the detector.

From the electronic viewpoint, the input of the
photon-coupled amplifier appears as a conventional
diode. Gallium arsenide has an energy bandgap of
1.4 electron volts and at a given current, the voltage
is a few tenths of a volt higher than for a silicon
diode. The emitted photons have an energy corre-
sponding to the bandgap (1.4 eV, or ~ 9000 A).
They propagate down the light pipe, and about
50% of them are usefully absorbed in the silicon
phototransistor. This photocurrent is then amplified
by the current gain of the phototransistor, a factor
of several hundred. Output collector-to-emitter sig-
nal current is, therefore, comparable to the GaAs
diode input signal current.

The configuration can be regarded as a high-gain
transistor with two inputs; one a conventional base
input, and the other a forward-biased diode elec-
trically isolated from the transistor itself. Since the
latter is spatially removed from and electrically
independent of the outpit, a potential difference
between the input and output does not affect the
operation of the device.

Pulse response is limited by the cutoff frequency
of the phototransistor. The light source responds
to an electrical input in nanoseconds. The time of
photon propagation along the light pipe is of the
order of 0.1 nanosecond. Although some of the
photons impinging upon the detector are reflected
back to the source, this is independent of the output
signal. Accordingly, the device exhibits completely
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Volt-ampere characteristics of the photon-coupled amplifierinclude (A) the forward
and reverse characteristics of the input diode, (B), those of the output
phototransistor and (C), the current transfer characteristics for the entire structure.

unilateral photon signal transfer and is, therefore,
clectrically unilateral except for the slight parasitic
output-input capacitance and very high leakage
resistance.

Simple device model

The electrical properties are those of a GaAs
diode at the input and a silicon phototransistor at
the output. The conventional volt-ampere charac-
teristics for each of these components and the
entire configuration are illustrated above. The

forward transfer properties of the photo-coupled
pair are similar to a transistor. The cans surround-
ing each component are not electrically connected
to the semiconductors and can be used as electro-
static shields.

The basic circuit model for the structure is
shown on page 61. Almost any equivalent circuit
for diodes or phototransistors can be used in each
portion of the device. For an input current level
above two or three milliamperes, the photocurrent
in the detector is approximately proportional to I.

Characteristic properties of photon-coupled systems

Discreption

Electrical
isolation

Advantages of photon coupling

Input and output circuits are electrically separate and isolated.
Resistance between light source and detector can exceed 106

ohms. The capacitance may be as low as .0001 picofarad.

Unilateral
signal
transfer

Minimal
auxiliary
components

Visual
compatibility
with man

Dual
operability

Signals are transferred unilaterally. Electrical conditions at the
output of an optic amplifier are not reflected to the input.
This permits independent design and operation of cascaded networks.

Logical circuit functions can be achieved with minimal auxiliary components.
Because input and output are separate, an optic amplifier can be interconnected
with itself and its neighbors in a great variety of useful configurations.

If visible light is used, the electrical state of the system can be made directly
apparent to man. This simplifies checkout, servicing, and reading out information.

It is possible to perform either optical or electrical operations
on the signal such as light fibers or conducting wires for signal

transmission and optical focusing for electrical impedance transforming.

Present liabilities of photon coupling

Gain
bandwidth
product

cps.

Linearity

Linearity over large ranges is poor.

Gain-bandwidth products that are now available are moderately low, typically 10% to 107
Bandwidths range from 105 to 10° cps.
efficiency with which the light source converts input electrons into useful photons.

Low gains are primarily due to the poor

This should

improve with increased light-source efficiency.

Technological

difficuities exist.

As with other new devices, many theoretical and technological difficulties
These include: incomplete understanding of injection luminescence

mechanisms, problems of channeling photons from the region of generation to the
photodetector, limited availability of specific energy light source materials,
difficulty of attaining room temperature injection luminescent lasers.

60
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At lower current levels the efficiency of the GaAs
source falls off because of undesirable recombina-
tion which competes with the photogenerating
process. This is analogous to the low-level beta
fall-off in a transistor. In the simple equivalent
circuits, a single effective output resistance and
capacitance is used to characterize the emitter-to-
collector properties.

Equivalent circuit

A detailed equivalent circuit is shown below.
Approximate parameter values are defined in the
table to the right of the circuit.

The input consists of a spreading resistance, ry,
in scries with the junction resistance r., shunted by
the junction capacitance. At zero forward bias, the
transition capacitance is about 100 picofarads. With
appreciable forward current flowing, the diffusion
capacitance (associated with stored charge) in-
creases in proportion to current, and predominates.
The parasitic resistance and capacitance to the
input shield are included respectively as r,; and
C.1. The conductance and capacitance between the
GaAs input diode and the silicon output photo-
detector depends upon the length of the light pipe
(and external shielding). For the type 4301, where
the length of the pipe is such that the corona volt-
age exceeds 10 kilovolts, the leakage resistance is
more than 10 ohms and the capacitance, C.., is
less than 0.01 pf. No other solid-state device can
provide a comparable degree of isolation.

The symbol @5 is used to denote a photon flux
of @ photons per second emanating from the diode
surface, of which &p reach the photodetector.

The equivalent circuit of the output section is
that of a conventional transistor. Impedance param-
cters are shown, enabling association of the phys-
ical resistance and capacitance mechanisms with
the circuit model. A current generator (I, + i) is
used to represent the effect of the (d-c plus a-c)
photon flux coupled from the input source. The
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A single effective output resistance and capacitance
characterize the emitter-to-collector properties

of the simple equivalent circuit. A detailed equivalent
circuit (below) for the electroluminescent diode and
output phototransistor includes the parasitic impedances.
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usual transistor collector-current generator, L., the
collector junction resistance, r., and capacitance,
C,, are present. The resistance in series with the
emitter lead is r. while the emitter junction is
characterized by the parallel combination of r..
and C... At moderate current levels, the phototran-
sistor current-gain, bandwidth product is approxi-
mately given by:
ft = ]/27”'{_) peg

For small values of external load resistance R,,
(and the base lead floating), the over-all cutoff fre-
quency of the photon-coupled amplifier is:

Jo=(0—=a)f

For larger values of R;, the 3-db bandwith is
RC-limited and reduced to:

Je=(10 —a)2r R, C,

The base resistance is divided into two parts, the
relatively large series resistance between collector
and emitter being due to the sheet resistance of the
photosensitive portion of the base layer. Both dis-
crete base resistors represent a lumped approxi-
mation for the actual continuous resistance dis-
tributed between them.

Input current is the primary independent vari-
able for the photon-coupled amplifier. Typical de-
pendence of variables upon this parameter is
shown on page 62. At low currents, the efficiency
of the GaAs source is a monotonic function of the
current. The a-c gain exceeds the d-c gain by a
factor of two. The over-all current-transfer, cutoff

Approximate parameter values for equivalent circuit
conditions: 1, = 30 ma, V. = 10 volts

Nominal
Parameter Symbol Value
Electroluminescent diode
Series resistance n 2 ohms
Junction resistance T 1 ohm
Transition + diffu- C, 3000 pF
sion capacitance
Forward voltage knce Vo 1.2 volts
Parasitic coupling
Leakage resistance ra & ra >10° ohms
to shield
Semiconductor capaci- Ca &Cy 1pF
tance to shield
Input-output Tuc 10" chms
resistance
Input-output Coe 0.01 pF
capacitance
Phototransistor
Collector capacitance C, 5 pF
Collector resistance To 10¢ ohms
Current transfer ratio a 0.997
Emitter junction T 3 ohms
resistance
Emitter junetion Ca 500 pF
capacitance
Emitter "eontact” | %1 50 ohms
resistance
Base shcet resistance £ 300 ohms
Base contact e 50 ohms
registance

= Is

Over-all current m= 57y 0.3

transfer ratio

Device ratings

Maximum input-output voltage 10,000 volts peak
Device dissipation at 25° C 100 mw for each device.
Case-temperature-dissipation derating 2.5 mw/°C
Instantaneous peak input current (I peak) 500 ma
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Parameters vary with the input current which is the primary independent variable for the
photon-coupled amplifier (A). Some important parameters are temperature-dependent (B).

frequency (with the base floating and a short-circuit
load) is essentially the same as the beta cutoff
frequency of the transistor itself. The temperature
dependence of the important parameters is shown
above. '

The HPA type 4104 GaAs light source and 4202
phototransistor have equivalent circuits and device
ratings corresponding to their respective halves in
the photon-coupled amplifier. The optically sensi-
tive regions are 0.020-inch diameter circles on the
surface of the light pipe. The model 4201 PIN
photodiode has an equivalent circuit similar to that
shown on page 61 (exclusive of all parameters to

the right of r.) and C. is about one picofarad. The
photodiode has a response time of about 0.1 ns
with a 50-ohm load and a quantum yield of 50%.
Response to a step of light is characterized by
70% to 80% of the total response in 0.1-0.2 ns
whereas the remaining portion of the response re-
quires about 100 ns. To achieve these speeds a
minimum reverse-bias voltage of 20 volts is needed
across the diode to extend the depletion region
from the p to the n material.

The frequency response of the GaAs, PIN photo-
diode optic isolator is limited by the injection-
luminescence diode to about 100 Mc.

Applications for optic couplers

Photon coupling is used in the simple isolated
amplifier and the small-signal linear amplifier

There are many potential applications for photon-
coupled amplifiers.! Those which follow concen-
trate on use of the GaAs phototransistor, photon-
coupled amplifier. Unless otherwise noted, the fig-
ures and discussion refer to type 4302 devices. The
majority of these circuits have been built, or bread-

62

board ramifications have been examined.

Simple isolated amplifiers

The photon-coupled amplifier illustrated on page
63 can transfer and amplify signals without an
electrical connection between the input and output

Electronics | July 27, 1964
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The smali-signal linear amplifier has a common mode rejection of 230 decibels. Power gain occurs at the
transistor input stage, in the optoelectric conversion at the GaAs diode and at the phototransistor detector.

circuits. The isolation property extends from d-c to
the device cutoff frequency. It can be used over
this frequency range to couple circuits that have no
common connection and are at widely different
potentials. The independent diode or transistor can
itself be employed to replace its conventional
counterpart in a circuit. Examples of applications
are:

1. Remote sampling of current waveforms in
existing diode circuits by replacing the in-circuit
diode with the GaAs electroluminescent diode.

2. In transistor circuits, the functions of trigger-
ing, shifting of d-c¢ signal level, or coupling where
direct electrical connection is undesirable, by re-
placing a given transistor with the optic amplifier
phototransistor.

3. In place of pulse transformers, particularly
if d-c restoration of the signal is important.

4. Elimination of ground loops in large systems
by avoiding multiple conductive paths between
portions of the circuit. Large induced circulating
currents and IR drops are prevented by utilizing
optical coupling paths.

5. Isolating the separate black boxes in a large
system to prevent a malfunction in one box from
affecting the others.

If necessary additional amplification can, of
course, be added to further increase the signal
level.

Small-signal linear amplifiers

There are many applications which require di-
rect-coupled linear amplifiers having floating in-
puts. This function is generally fulfilled by conven-
tional amplifiers or transformer-coupled systems

using a modulated carrier frequency. The common-
mode signal rejection that can be achieved by these
systems is usually limited to about 160 decibels.
The amplifier illustrated above has a common
mode rejection of 230 db in addition to being less
vulnerable to extraneous pickup. Optic amplifiers
are used to couple the signal from a differential
floating input transistor stage to the output. Power
gain occurs at the transistor input stage, in the
optoelectric conversion at the GaAs diodes, and at
the phototransistor detectors. The composite gain
and frequency response is shown.

Field-effect transistor preamplifiers can be used
instead of, or in addition to, the input transistors
to achieve high input impedance. As shown, the
output phototransistors are electrically reverse-
biased while being optically forward-biased. The
resultant equivalent input noise properties are
thereby improved.

Potential applications of the differential ampli-
fiers include: 1) isolated current probes, or other
instrument probes; 2) bridge output amplifiers,
differential to single-ended couplers; 3) thermo-
couple, or other transducer amplifiers; and 4) signal
gronnd loop isolators, floating-input null amplifiers.

High-voltage regulated supplies

In many systems, error feedback signals must be
generated to maintain the system’s equilibrium.
For example, a voltage in the circuit is compared
with a voltage standard or reference. One common
use of this method is in a high-voltage regulated
power supply which has reverse-biased semicon-
ductor diodes as a reference. The limited range of
reference standards, however, often prohibits a
direct differential comparison.

A simple solution is provided through the use
of the optic amplifier shown above.

,n
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The crystal-controlled oscillator has an isolated output. The d-c bias current level is simultaneously monitored
and can be used for automatic temperature compensation and amplitude control. The regenerative flip-flop in
the oscillator uses the isolation coupling element down to d-c.

Under stable conditions, the GaAs diode is
slightly forward-biased. A change in the regulated
output potcntial alters the forward current. This
change is coupled to the phototransistor which acts
as a two-terminal controlled current source and
compensatcs for the initial variation. From the volt-
ampere characteristics shown on p. 60 it can be
seen that the optic amplifier is very sensitive to
input voltage changes. In more sophisticated sys-
tems, the feedback loop again can be increased and
the thermal characteristics of the gallium arsenide
diode can be directly incorporated in the design of
the reference. An additional optic amplifier may
also be used to sample the load current and control
reacdout, overload protector or vernier controller.

Z-axis, cathode-ray tube modulator

Cathode-ray tubes require acceleration potentials
in the kilovolt range. It is usually convenient to
apply signals to the deflection plates at close to
ground potential. The grid and cathode are then

&sA

several thousand volts negative with respect to
ground. It is difficult to direct-couple to another
circuit a relatively small grid-to-cathode signal for
modulating the beam intensity. Generally this is
accomplished by having a dual high-voltage supply
(one for the grid and onc for the cathode) and
superimposing the control signal at a point where
one supply returns to the ground. The additional
capacitive loading of the high-voltage transformer
and rectifier limits the bandwidth over which the
intensity can be modulated. In addition, small dif-
ferential variations between the two high-voltage
supplies appear as large variations in intensity.
The optic amplifier does not suffer from these diffi-
culties. The simplicity of the coupling circuit
shown above is apparent.

Oscillators and signal generators

Load variations degrade performance in many
circuits. A crystal-controlled oscillator can have
excellent frequency stability if load variations are
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The simple coaxial-line modulator, insert,

uses series and shunt phototransistors to form a
photon-controlled attenuator. The insertion attenuation
is for a two-element optic attenuator.

minimized. Isolation resistors may be used to re-
duce the effect of load changes.

However, the use of an isolation resistor de-
creases the available power output and the signal-
to-noise ratio. Thus the spectral purity of the de-
sired signal is decreased.

The photon-coupled amplifier or isolator can be
used to achieve this isolation function since it
possesses no output-to-input feedback. It appears
(see p. 64) only as a passive element, a diode, in
the regenerative loop. Load changes at the output
will have no effecet upon the performance of the
oscillator itself. It is noteworthy that the oscillator
d-c bias-current level is simultaneously monitored
and can be used for automatic temperature com-
pensation and amplitude control.

Photon-coupled oscillators can be designed with
features other than isolated outputs. Many oscil-
lators are possible using the optic section within
the regenerative loup. The property of electrical
isolation down to d-c permits a greater degree of

topological design freedom—in much the same way
as the transformer proves useful in the design of
a-c oscillators. Broadband regenerative -circuits
such as flip-flops and Schmitt triggers now can
use an isolation coupling element that is analogous
to the transformer, but extends to d-c. A great
variety of new switching circuits using these com-
ponents is possible.

Synchronous demodulators and detectors

If a reference waveform of a signal source is
available, optic amplifiers may be used for phase-
sensitive detection as shown at the left. A vari-
able-frequency reference signal (sine wave, square
wave, or pulse) is applied to a test network. In
addition to driving the test network, the signal
source supplies a replica of this excitation wave-
form, ey, to the GaAs diode. The phototransistor
rectifies the output of the test network, thereby
providing a d-c¢ signal proportional to e, By in-
creasing C and R, the effective pass band of the
detector can be made as narrow as desired with-
out the attendant problem of tracking the signal-
source frequency with a narrowband, or comb
filter. The noise power of the system is, of course,
reduced in proportion to the bandwidth. Phase as
well as amplitude information can be resolved by
maximizing E4 at cach frequency by controlling
the phase shifter.

Modulators, mixers, and time-varying switches

A simple coaxial-line modulator is shown at the
left. The series and shunt phototransistors form
a photon-controlled attenuator. This simple con-
figuration has potential uses for: 1) general-purpose
electronic potentiometers; 2) fast, automatic gain
or level controls; 3) low-level, d-¢ to a-¢ choppers
(or d-c level switch); 4) intentionally injecting spu-
rious or random signals into systems for malfunc-
tion-susceptibility evaluation or noise measure-
ment; and 5) mixing two, or more signals.

Other optically-controlled attenuator and ampli-
fier combinations are possible. These operate inde-
pendently of the potentials between the control and
output ports. Their frequency response extends to
d-c, and thev do not introduce large extrancous
signal transients in switching applications. The
GaAs diodes might be acting simultancously as
envelope detectors, or mixers themselves, for very-
high-frequency input signals.

It is also possible to form other modulator con-
figurations using optic amplifiers. Many inputs can
be used to feed a single line, or conversely, a single
line may fan out to numerous signal paths as estab-
lished by controlled phototransistors.

Optical switching applications can also be per-
formed since the input and output halves of the
optic amplifier can be provided separately. When
the ends of hpa. types 4104 and 4202 are bronght
together, an optic amplifier is formed. They pro-
vide a coupling element that can be connected or
disconnected by physical motion. Such optical
switches have no contact bounce, produce minimal
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on-off transients, minimize clectrical changes dur-
ing switching, and can provide varying degrees of
coupling.

High speed relay

The conventional clectromagentic relay has sur-
vived as a high-usage component because of the
flexibility afforded by its input-output isolation.
Most of the applications of low-power relays for
signal control can use the new solid-state optical
devices with a resulting improvement in speed and
reliability. It is possible to form relay-logic trees,
turn-on-and-off circuits and provide interlocks. A
comparison of the basic properties of these two
systems is shown in the table below.

Multiplexers, commutators, and signal samplers

Modern information-handling systems involve
signal commutation. In these systems. it is con-
venient for the time-sequencing controls to remain
electrically separate from the information signals.
The speed and isolation capabilities of photon-
coupled devices make them well suited for such
applications. Shown below is a simple multiplex
amplifier in which each input is successively
samipled. Information on the “n” parallel input
channels is fed serially to the single-channel ampli-
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Optical devices improve the speed and reliability
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Information on the n-parallel input channels is

fed serially to the single-channel multiplex

amplifier. The time-sequencing controls are electrically
separated from the information signals.
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fier. If necessary. at a later point in the single-
channel link, an additional decommutator can syn-
chronously separate the “n”™ amplified signals. The
single channel may itself involve a telemetry link,
a pulse-coding svstem, or an isolated amplifier as
shown carlier. One of the inputs can be shorted
and another connected to a reference potential to
provide an “n” channel amplifier with chopper
stabilization of zero drift and gain.

If the phototransistor is designed for multiplex-
ing applications, performance limitations such as
differential phototransistor offset potentials, and
speed of response are comparable to transformer-
driven transistor switches. The optical device per-
mits a periodic drive signals, and introduces smaller
transients than do magnetic systems. Signal gains
are less than with conventional transistors and the
devices typically require greater drive power.
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Comparison of electromagnetic relay and optic relay

Parameter Electromagnetic relay Optic relay
Alaxinmm speed of T eps to 109 eps 04 cps to 108 eps
response

Input-outjut 1(¥ to 10" ohms 10> ohms to «
resistance

('(1))11!‘3.(4 resistance Milliohms Nominally 100 ohms
“On

Leakage resistance 10¢ to 102 ohms 108 to 10° ohms

across contacts

Leakage capacitance 1pf 5 pf
through contacts

Input-output 2 pf .01 pf
capacitance

Output contact many amperes 100 ma
cirrent limit

Maximum open 100V to 2000V 20V to 50V

contact voltaye
AMaximum input-output
voltage

Actuating power
8tored enerpy

10°V to 104V Virtually unlimited
1mw to 100mw
Predominantly
resistive input,

no transients

All solid state

(no moving parts)

10mw to 1 W
Large induective
transients

Suseeptible to
vibration, shock;
and eontact bounce
Diffieult to

shield out radiated
magnetie fields

Alierophonics

Optical shiclding
from external environ-
ment is simple

Spurious radiated
fields

Life Limited to Solid state, no known
10" to 108 wear-out mechanism
eycles

The author
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solid-state devices. Wunderman has
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Components

Stray signals can’t throw
this desensitized switch

It discriminates between r-f energy and a
d-c pulse by using an extra zener junction

By John M. Gault and Richard J. Sanford

Spurious radio-frequency interference can trigger a
semiconductor switch with disastrous results. For
example, a circuit used with an explosive load such
as a warhead detonator could be set off by a spu-
rious r-f signal. The switch must be designed to
reject unwanted r-f energy and accept the desired
d-c pulse that triggers it.

The switch shown (page 69) meets these require-
ments. It is triggered by a small d-c¢ signal. Any
stray r-f signal, induced between the gate and
cathode, will not energize the load. The device can
be used instcad of pnpn switches in applications
where signal interference might be a source of
trouble. Diagram B (page 69) shows a lumped com-
ponent equivalent of the desensitized switch.

Tentative specifications of desensitized switch

Range of protection:
Anode: = 100 volts, dc to 29 Mc
Gate: 100 ke to 29 Mc

Gate firing signal:
+ 0.5 ma at 10 volts (maximum)

Current handling ability:

0.5 amps dc
10 amps for 5 milliseconds

Temperature range:
Operating — 65° Cto + 80° C
Storage —65° Cto + 15°C

Interlead capacitance:
Approximately 60 pf between any two leads

Case:
TO-5 can

Weight:
approximately 1 gram
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The firing level

The operation of the desensitized pnpn switch is
best understood by examining the structure of an
ordinary pnpn switch, on p. 69, bottom. Construc-
tion begins with a single crystal of pure silicon.
Four alternating layers of p and n material form
the three interacting pn junctions. In the dia-
gram, from bottom to top, these junctions consist
of the emitter or cathode, the collector, and the
conjugate cmitter or anode. The two lower junc-
tions form, in effect, a high-gain npn transistor. The
upper two junctions form a low-gain pnp transistor.
Both transistors use the same collector. The normal
alpha, or d-¢ common-base forward current, of cach
transistor increases with collector current at low
currents. Since the transistors are connected for
positive feedback, the device switches on when the
collector current rises to such a value that the sum
of the alphas exceed unity. A forward bias of
about one-half volt must be placed across the
emitter junction to raise the collector current to a
value that will fire the switch. And so any d-c or
r-f signal, which can raise the emitter to about one
half a volt can fire the switch,n- 234

Switching ability

Any pnpn switch has some inherent protection
against r-f signals introduced at its gate lead. The
capacitance of the emitter junction combines with
the resistance around the gate contact to form a
simple RC filter. This will attenuate a radio fre-
quency signal.

In principle, an RC attenuator can give any
amount of r-f protection desired. But practically,
there is a trade-off between the desirable switching
characteristics and good r-f filter characteristics.
Good filter characteristics interfere with switching
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ability, and at the upper limit of filtering, the
switch may not work at all. The capacitance, C, is
limited by the cathode area and by the maximum
allowable doping level of the p-type base region.
These, in turn are limited by the requirement that
the device be a good switch. The resistance, R, is
somewhat limited by the manufacturing technique
used in making the junction. If R is made high, this
will limit the current needed to fire the switch.
Further, there is a stray capacitance shunting this
resistance, and if the resistance is made too large,
the shunt capacitance dominates the impedance
and the filter becomes a capacitor divider. Finally,
an RC attenuator always introduces an undesirable
time delay in switching action.

It is desirable to supplement RC protection by a
method that discriminates between r-f energy and
the d-c pulse. The most obvious difference between
these signals is that the r-f changes its polarity
continually, whereas the d-c pulse does not. If a
switch is to be fired by a positive d-c signal, but
not by a negative one or by r-f, the negative half-
cycles of the r-f can be used to produce an inhibit-
ing or desensitizing signal to prevent the switch
from firing.

The RC filter

The desensitized pnpn switch consists of a nor-
mal four-layer switch structure with the following
modifications: A resistor is diffused around the
periphery of the switch and connected in series
with the gate. This resistance combines with an
abnormally large emitter capacitance to form an RC
filter which attenuates r-f signals introduced be-
tween the gate and cathode leads. Between the re-
sistor and the gate lead is a diffused zener junction
which breaks down at eight volts. This extra junc-
tion rectifies r-f signals applied between gate and
cathode, and places a reverse bias on the emitter
junction. This must be overcome before the r-f
signal can fire the switch. In normal d-c¢ operation
the gate voltage is raised slightly above the zener
breakdown voltage sending sufficient current
through the emitter to fire the switch.

The zener junction in this device is unusual in
two respects. It has a small capacitance to keep it
from being bypassed by the r-f. The junction is also
carefully isolated from the rest of the switch struc-
ture. The electrons injected into the p-region of the
zener junction during the negative half-cycle cannot
diffuse to the collector and fire the switch. The
small capacitance is obtained by limiting the area
of the zener junction. Zener isolation is achieved by
diffusing the collector junction to a greater depth
under the zener than under the emitter. This longer
path greatly decreases the probability that an in-
jected electron will reach the collector before being
recombined.

Fabrication

Prototype switches were fabricated by lapping a
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Radio-frequency signals are attenuated by a resistor
diffused around the periphery of the switch (A). The
lumped component equivalent of the desensitized switch
is shown in (B). The load in circuit (C) will not be
energized if an r-f signal is induced between gate and
cathode.
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An ordinary pnpn switch can be fired
by any d-c or r-f signal.
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Desensitized silicon pnpn switch,
prior to encapsulation.

group of 50 ohm-cm n-type slices of silicon to a
thickness of about 0.008 inch. The slices were
etched to remove lapping damage, and one surface
of each slice was polished to a mirror finish. The
slices were cleaned and oxidized for 16 hours in an
ambient of wet oxygen at 1,170°C. The oxide was
removed from small areas on the polished surface
of the wafers with Kodak metal etch resist and a
special mask; then oxide was removed from the
entire unpolished surface of the wafers. The slices
were diffused in boron for 140 hours at 1,150°C,
creating junctions at a depth of about 0.0018 inch.

This diffusion produced the conjugate emitter
(anode) junction and the thick p-type region needed
to isolate the zener. The slices were reoxidized for
two hours at 1,170°C. The oxide was removed from
the collector and resistor areas and the slices were
then reoxidized for 16 hours at 1,170°C. A portion
of this oxide was removed for the cathode and
zener junction diffusion which consisted of phos-

The authors

John M. Gault, physicist, heads
microcircuit development for the
International Rectifier Corp., El
Segundo, Calif. His work on the
desensitized switch was in
cooperation with the Naval
Ordnance Laboratory. He has aided
in the development of various
tantalum capacitors, selenium
rectifiers and silicon integrated
devices for industry. Gault was
born in Cameroon, West Africa, in 1924.
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Desensitized switch. ..

GATE RF SENSITIVITY

160

RF DESENSITIZED
ik SWITCH

100~
80~

60~

RF VOLTAGE TO FIRE —»

a0

20
2N882

10KC 100KC 1MC 10MC 100 MC

FREQUENCY—>

Median gate sensitivity of desensitized switch is compared
to that of a conventional 2N1882 device.

phorous diflusion for one half hour at 1,130°C in
an ambient of phosphorous pentoxide and oxygen.
The slices were cleaned in hydrofluoric acid and
oxidized for onc hour at 1,170°C. After the oxide
was removed from the cathode, zener gate, and
anode surfaces, the surfaces were plated with nickel
and gold. The slices of silicon were diced into units
with a scribe-and-break process. Then, 0.002 inch
diameter gold wires were bonded by thermal com-
pression to the zener gate areas. The dice were
soldered to TO-5 headers, etched, varnished and
tested. The photo above shows a desensitized
switch in this stage of fabrication. Caps were then
welded on the headers to create a hermetic seal.

Gate sensitivity

Two lots of switches have been produced satis-
factorily. Of the 17 switches in the final lot, all are
less vulnerable to either gate or anode r-f signals
than are conventional pnpn switches. The nine best

Richard J. Sanford is a physicist
in the advanced engineering
division of the Naval Ordnance
Laboratory at White Oak, Md. He
has investigated the hazards of
4 electromagnetic radiation to
L solid state components and has
- two patent applications pending
in that field. Off the job, he is
an enthusiastic spelunker and
pistol shooter.
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... and its performance
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i
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Response of gate r-f sensitivity (upper line)
and d-c response (lower line) with temperature

0

i 1
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switches were selected as representative of desen-
sitized switches of the future. Their median gate
r-f sensitivity is compared to the sensitivity of a
typical conventional pnpn switch, in the graph on
page 70. The sensitivity of the new switch de-
creases rapidly at frequencies above 100 ke, while
the conventional switch remains sensitive to much
higher frequencies.

The gate r-f sensitivity decreases with increasing
temperature, although the d-c sensitivity increases
with temperature. This is shown in the graph above
left. When r-f is applied between anode and cath-
ode, the switches are not fired by 100-volt signals
at frequencies up to 29 Mc.

The forward voltage drop in the switch in its on,
or conducting, state is shown above. A semi-log-
arithmic plot has been used. The current is an
exponential function of voltage between 10 and 500
megacycles.

Other properties of the switch are shown in the
table on page 68.

These prototype devices prove that pnpn
switches desensitized to r-f energy can be fabri-
cated. But further work is necded to go from a
handful of prototypes to production. During fur-
ther development, the tentative spccifications can
be changed, if necessary, to meet specific needs of
military systems.

Cans and chips

The prototype units are housed in TO-5 transis-
tor cans, which have rather poor power dissipation.
Identical device chips could be mounted in small
stud-mounted cans. This would increase the cur-
rent-handling ability without changing the other

Clandeamima | 1..0.. A7 aAnras

085 -

0.80

T

o

-

o
T

ANODE VOLTAGE —»

0.70 1 ] 1 I
10 20 50 100 200

FORWARD CURRENT IN MILLIAMPS —s

Voltage drop in conducting switch.
Graph uses a semi-logarithmic plot.

500

electrical characteristics. Slightly smaller chips
could be mounted in TO-18 or microtransistor cans;
they would be compatible with the larger cans if
higher power dissipation were needed. Thus, the
mass production of only one type of silicon chip
could result in a series of densensitized switches
covering a wide range of sizes and power capa-
bilities.

The desensitized pnpn switch can be used in any
location where radio frequency interference might
be troublesome. The switch has a capacitance value
of 60 picofarad between any two leads, presents
very little resistance to a d-c signal, and can be
used to isolate a section of a d-c circuit from un-
wanted radiation sources. At higher frequencics, a
small conventional filter, or ferrite or carbonyl-iron
attenuator can supplement an r-f blocking job with-
out increasing the d-c resistance significantly.®
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Displaying the contents
of a computer register

By James J. Collins

Kollsman instrument Corp., Elmhurst, N.Y.

An indicator circuit was needed that would sample
the contents of registers in small special-purpose
computers, then display the information by visual
means. A silicon controlled rectifier, used as a com-
bination register and lamp driver, provides the
solution.

The computer register to be sampled is con-
nected to input A, and input B is supplied with a
10-microsecond, 12-volt positive pulsc. The state
of the register is indicated by the lamp.

If the signal applied by the register at A is at its
low level (—12 volts), D, will conduct. However,
D. will not operate because the trigger voltage
applied at B will make its cathode more positive
than its anode. The negative voltage at the junction
of the diodes will maintain the rectifier in the non-
conducting state and the lamp will not light.

If the signal applicd by the register at A is posi-
tive (actually at ground potential). the positive
trigger pulse introduced at B results in a coincident
positive voltage (an AND circuit gate voltage) being
applied to the base of the silicon controlled rectifier.
This causes the silicon controlled rectifier to con-
duct. The voltage placed across the incandescent
lamp turns it on.

The level of the voltage triggering the scr is de-
termined by R, and R.,, which act as a voltage

divider.

Because the output of this circuit also was used
to drive a digital-to-analog converter, resistor R;
was placed in parallel with the lamp as a precau-
tion against its failure.

The circuit is reset by reverse-biasing the anode
of the silicon controlled rectifier. The output lead,
normally clamped to ground, is switched to —12
volts for 50 microseconds. Since the scr cathode is
at —11 volts, this provides enough reverse bias for
reliable resetting.

In the waveform diagram shown, the register is
negatively set when sampled at time t, and posi-
tively set when sampled at t». Resetting occurs at t;.

Added transistor decreases
multivibrator reset time

By Steven A. Bell

Bennett Respiration Products, Santa Monica, Calif.

Adding a low-cost conventional transistor to a free-
running multivibrator circuit allows rapid resetting
of the multivibrator and eliminates the need for
a more expensive device, such as a unijunction
transistor. In the circuit shown, the addition of Qz
reduces by a factor of about 30 the time required
to recharge capacitor C;.

Transistor Q» is saturated by the negative supply
voltage applied through R, to its base. With Q.
conducting and C, charged as indicated on the
circuit diagram, the negative side of C; is clamped
to ground through diode D, and Q.. Transistor Q:
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is off because its emitter-to-base junction is slightly
back-biased by the forward conduction voltage
across D,. Transistor Q, is also ofl because of the
positive voltage placed at its base by the charged
C,. Capacitor C» has been charged by the supply
voltage. No current flows through R;.

Capacitor C; starts to discharge. The discharge
path consists of R, Ra. and D,. When the negative-
going voltage at the base of Q, drops to about —0.4
volt, Q begins to conduct. Since the voltage across
C. cannot change rapidly, a small initial flow of
current through Q, produces a small voltage drop
across Ry and back-biases the emitter-to-base junc-
tion of Q.. Transistor Q. turns off rapidly.

A current path now exists from ground through
the emitter-to-base junction of Q,, C,, the emitter-
to-base junction of Q;, and Rs to the negative sup-
ply. This current— initially 10 milliamperes —
causes Q, to turn on rapidly and Q; to conduct
heavily.

Transistor Q. is held off until C. discharges
through Ry and Q,. During this period, C, charges
through R, and the emitter-to-base junctions of
Q;; and QlA

When C. has discharged sufficiently, Q. starts
to conduct, Q; and Qy turn off, C. charges through
R, and Q., and the cycle is repeated.

If Qs and D, were not used in this circuit, the
time required to recharge C, to a voltage approach-
ing the supply voltage would be approximately
L5 R.C, or 150 milliseconds. Transistor Q; multi-
plies the charging current by the beta of the tran-
sistor (about 30) and reduces the time by the same
factor.

Using a value of 50,000 ohins for R;, the circuit
provides timing pulses which vary in frequency
from 90 to 20 cycles per minute (or periods from
0.67 to 3 seconds). Capacitor C; recharges in less
than five milliseconds.

Nomograph shows
phase-shift angle

By M. Grelot

Vitry, Seine, France

The nomograph shown below gives the phase shift,
¢, obtained at any specified frequency, £, in a re-
sistance-capacitance phase-shifting circuit. If the
values of resistance, R, and capacitance, C, are
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Nomograph simplifies phase-shift calculations.
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unknown, suitable combinations may be selected
for a given frequency of operation and desired
phase shift.

If R, C, and f are known, the nomograph is used
as follows:
s Draw a straight line between R and C. This line
(d-e on the figure) determines point M on dashed
line a-b.
» Draw another straight line (shown as g-h) through
point M to the line for values of ¢. Read the value
of ¢ at which the line g-h intersects with the line

Positive-pulse generator

By Richard J. Bouchard

Sanders Associates, Inc., Nashua, N.H.

center, generates positive pulses when the input pulse is ap

-

When three of the four quantities R, C, f, and ¢ are known, the fourth may be determined from the nomograph

of values of ¢.

In the example given, R = 10,000 ohms, C = 0.001

microfarads and f = 0.1 Mc. By using the nomo-

graph, ¢ is determined to be 162° (see illustration).
VWhen it is desired to choose values of R and C

for a given phase angle and at a specified fre-

quency, use the following procedure:

* Draw line g-h between ¢ and f, determining

point M.

= Select any convenient values of R and C deter-

mined by a straight line drawn through point M,

In an automatic test set, a positive-pulse indication
was required when a stepping switch passed
through each of certain positions in its cycle.
Generation of the positive pulse was needed when
the switch stepped into positions 1, 3, 4, 5, 8 and

STEPPING SWITCH sl Al GROUND
SWITCH  ROTATION e
To Can SECcH Ra INPUT -370-10 v
O 07 2K ! !
—= 8 |
Q I
P o—t 2n728 | POSITIVE v, /=== GROUND
[ oO— I |
pa=0 PULSES l |
) i0 | i
I [}
o 417 TO PULSE GROUND
TEN CONTACT & o GENERATOR
POSITIONS ”{ OUTPUT -0V

Rotation of the stepping switch, left, provides input pulses to the positive-pulse generator. The circuit

plied or removed. The voltage waveforms

are shown at the right; the output pulses occur when the transistor base voltage goes negative.
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10, shown on the wiring diagram.

A simple circuit provides the solution by pro-
ducing a positive output pulse at both the leading
and the trailing edges of the input pulse.

If the input is at ground, transistor Q is off
and the output is —10 volts. When the input
signal is negative, R, and L provide a d-¢ path
which clamps the base of Q to ground and the out-
put returns to —10 volts. During the rise or the
fall of the input waveform, the circuit resonates,
producing a sinusoidal-type waveform at the base
of Q. The negative portion of this waveform drives
Q into saturation and the output switches to

N
ground. The result is a positive 10-volt output
pulse, when the input pulse is either applied or
removed.

With a step-function input, the voltage devel-
oped across the inductor of an unloaded RLC
circuit will be an underdamped oscillation when
L/C < 4 (R,)* Only one negative oscillation occurs
because the low input impedance of Q, as it is
driven into saturation, shunts the tuned netwark.

With the component values shown, a 10-volt
pulse is produced at the output for every applica-
tion or removal of an input greater than three volts.
The output pulse is slightly delayed.
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Output is continuously variable from zero to 3.5 volts with input from zero to —4 volts,

Buffer amplifier
supplies bipolar output

By Freeman E. Smith
Raytheon Co., Wayland, Mass.

This circuit (above) corrects alignment inaccura-
cies between electrostatic deflection plates and the
rectangular face of a cathode-ray tube. It can also
be used if paraphase outputs are desired. By put-
ting two of these circuits on one printed circuit
card, the same information can be fed into both
circuits and one polarity of output can be taken
from one circuit and the other polarity from the
other circuit. The result is identical signals that are
180° out of phase with each other.

If no inversion is required the circuit may be

used as a buffer or as an inverter and buffer if an
inversion is required. It provides an output which
is continuously variable over a range correspond-
ing to the maximum positive to negative input sig-
nal excursion with a zcro volt baseline. Normal
opcration is with a negative input signal but the
circuit will work with a positive input as long as
the amplitude is not large enough to saturate Q,.
With input signals from zero to —4 volts, the out-
put goes from zero to *+3.5 volts.

Inverter amplifier Q; has a gain of approximately
one. Therefore, signals identical but 180° out of
phase are seen at its collector and emitter. Resistor
Rs varies the current in the collector resistor of Q,
such that test point TP1 can be set at the same volt-
age as TP2 (typically 4-0.6 volt.) Under these con-
ditions, R,» can be varied without changing the
baseline of the output signal since the d-c voltage
level across Ry, Ry» and Ry is constant.

The circuit is stable from 10° to 50°C.
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Computers

Automatic circuit tester

A digital computer saves time and money in

production-line checkout of digital logic modules

By Kenneth Wakeen™
Digital Equipment Corp., Maynard, Mass.

The job of production testing has become much too
sophisticated for patch-panel and wired-chassis
techniques, except on a limited basis. Combining
transistors, diodes, and resistors and capacitors into
operational circuits which are then tested as inte-
gral packages has multiplied the problems of con-
trol. The small computer is the logical tool of the
system designer for production testing. The com-
puter test system concept does more than auto-
mate production testing; it adds procedures im-
possible to carry out previously to present test
capabilities.

Comparison

The figure at the right shows some typical cir-
cuits being tested by computer control. The flip-
flop and inverter are tested for logic functions,
saturation voltages, fan-in, fan-out, rise time, fall
time, delay time, and sensitivity to signal and
noise. The circuits are complex and manual testing
is costly and slow.

The table below compares costs and speeds of
testing the inverter manually and automatically.

Manualtest Automatic test
Time 10 minutes 10 seconds
Opcrator rate and
overhead $7.00/ hour $7.00/ hour
Cost/module 62.5 cents 1.4 cents
Rate/operator 30/ day 3,200/ day

Assuming only 50% utilization time on the auto-
matic tester, the savings per day total $980. Flip-
flops, which are more complicated and require
onc-half to one hour in manual testing, can be

*Now with Nexus Research Laboratory, Inc., Canton, Mass.
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tested automatically at savings of about $2,400 per
day. A more realistic cost comparison considers
capital investment and overhead. Manual test sct-
ups consist of a good oscilloscope, voltmeter,
power supplies and pulse generators. The cost for
this hardware is generally from $4,000 to $10,000.
In addition, a separate switching box must be
designed and built for cach type of module tested.

T % & o
F +lov K v M N

TYPE 1209 FLIP FLOP CIRCUIT

Typical logic circuits to be tested
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Production:line testing of
digital logic circuits,
showing tray of adapters,
one for each type of
module to be tested. A
PDP-5 is used in the
testing system described.

Each bhox costs about $2.000.

A typical manual-test facility consisting of 24
stations represents an investment of from $48,000
to $80,000. The total output of such a test area
with 24 operators is only 600 modules per day. By
comparison, an automatic test facility will cost from
$70,000 to $100,000 ($30,000 of this is for a PDP-5
computer) and its total output is 3,200 modules per
day with only one operator.

Automatic test system

The automatic module test system consists of
three groups of equipment (see photo above):

= The central controller is a PDP-5 digital com-
puter. It commands the testing functions, evaluates
the readings, and controls the output devices.

® A test console which contains all of the neces-
sary power supplies and analog metering.

= Input-output devices, consisting of a paper tape
reader, a teleprinter, and a paper tape punch.

When the Digital Equipment Corp. built a sys-
tem for its own use, the PDP-5 computer had not
vet been developed, so the system was based on
the PDP-4. With the advent of the PDP-5, it
became possible to design a lower-priced testing
system, and it is this system that is described here.
Both the PDP-4 and PDP-5 emphasize flexibility in
input-output functions. This flexibility permits the
computers to service many types of peripheral
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equipment, and to accept and feed out data at rates
varying from one signal every several seconds to
125,000 a second in a PDP-4, or 166,000 a sccond
in the PDP-5. These figures relate to computer
cycle time, which is the time required to read
information from memory and rewrite information
back into memory. For the PDP-4, cycle time is
eight microseconds; for the PDP-5, six micro-
scconds.

The hasic test operation consists of typing the
module number on the teleprinter keyboard, plug-
ging in the module to be tested, and plugging in
an adapter. The system then starts the test se-
quence. If the test is successful, the tester prints
out an OK about six seconds later. If the module
fails the test, the tester stops the systein and types
out complete information on the failure.

In the printout (at left on p. 78) type 1104 four-
stage inverters were tested. The first entry, typed
by the operator, caused the appropriate test para-
meters to be brought from computer core memory
and started the testing. The next five entries typed
out by the computer indicated five modules suc-
cessfully tested. The sixth module failed the load
test, and the tester typed out the name of the test,
the measurement limits (1,400 to 1,600 ohms), the
actual reading (710 ohms), the input pin (H), the
output pin (L), and the word, reject. The second
reject to occur was due to a slow transistor tied to
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1104~———__ MODEL NUMBER SELECTED 1104
BY TYPING ON KEYBOARD

1104 0K
LOAD TEST 1400 TO 1600 OHMS
1104 0K
1104 0K 1475 v Z
1104 0K 1450 S V
1104 0K ALLOWABLE TEST LIMITS
1505 M R
1104
LOAD TEST 1400 TO 1600 OHMS 1475 H L
71 REJECT LWR LEV TEST -3.2 TO -3.7 VOLTS
iDAmay OUTPUT PIN -3.4 v oz
LLDe T2 INPUT PIN 5
=3.4 S Vv
1104 oK ACTUAL READING
1104 0K ~3.4 M R
1104 0K
-304 H L
1104 0K
1104 0K VCE TEST 0 TO 130 MV
1104 70 W Zz
RISE FALL
10) S v
40 100 NS
60 108 S V REJECT S0 M R
1104 oK 80 H L
1104 0K
RISE FALL
1104 0K
1104 0K 40 100 NS
A Production test printout, showing two rejects 36 38 W vA
24 63 S Vv
Data-sheet printout, with complete logging »
of test results for one inverter module 23 61 M R
22 59 H L
¥ Measurement circuit for testing
components and circuits (0).4
CLEAR AND SET LINES/ ]
BINARY - v
PDP-5 ol i e »| WEIGHTED PROGRAMABLE :
COMPUTER A\ RELAY DRIVE g$%||?4Tc;OR POWER SUPPLY i,
} CONDITIONING VOLTAGES '
FROM ACCUMULATOR — v,

OF PDP-5 = S

READ COMMAND o
10 LINE BINARY QUTPUTS CONVERTER
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pin V, shown near the bottom of the printout.

The data printed out simplifies repair of a
circuit. In the first case, the load resistor tied to
pin L was replaced. In the second case, the tran-
sistor tied to pin V was replaced with one having
acceptable rise and fall times.

Automatic failure analysis

Printout of test results on go, no-go testing makes
repairs to modules easy; manual testing relies on
the operator to read a meter, lights or oscilloscope.
He must make 60 to 100 decisions to evaluate
defective components, based on the combinations
of test results.

Manual systems, of course, have no data-logging
capability other than operator, pencil and paper.
Other semiautomatic data-logging systems must be
built, with a specific data-logging function in mind.
With a computer, data logging is simple. The com-
puter already is equipped to communicate with
typewriters or card punches. The printout (at right
on p. 78) shows the complete data presented by
the computer for a tested 1104 module.

The headings can be changed easily to fit any
situation. For example, the heading “LWR LEV
TEST” can be made to read “VOFF” by modifying
the information in the computer memory. Both
headings refer to the collector voltage for a turned-
off pnp transistor, but one may be preferred to the
other in certain circumstances. In all cases, the
test limits and actual test results are shown as well
as the input pins, output pins and the test result.

To provide flexibility of programing of test con-
ditions and test limits, the computer program can
be modified by typing the new numbers into the
proper locations in the memory. For example, volt-
age limits are stored numbers in the memory and
the actual readings are compared to these stored
numbers for go, no-go decisions. If it were neces-
sary to change 3.7 volts to 3.5 volts, the operator
would find the memory location of the 3.7 and type
in the number 3.5.

For power supply flexibility, computers allow
complete freedom as to the sequencing and delay
between applied voltages (a feature often necessary
to avoid destructive testing). The changes require
only the modification of the stored program by
typing the sequence of supplies required and the
proper delays between applied voltages.

Frequently, certain inaccuracies which cannot be
easily accounted for in any other test method can
be modified by the computer. For example, in the
measurement of the delay time of a flip-flop, the
reading of the digital scope did not include the
100-nanosecond pulse width of the generator. This
constant of 100 nsec was added to the readings
received by taking advantage of the computer’s
add function.

Computer communications for testing

Computer applications to testing result from the
use of programable stimuli such as power supplies
(digital-to-analog devices), and in analog-to-digital
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converters. In the simplified sample circuit for
measuring any device where a stimulus and a
measurement are required (see figure at bottom of
p. 78), a computer controls a programable power
supply, and a measuring device, in this case an
a-d converter.

Readings from the a-d converter are fed back to
the computer for storage and comparison. In this
kind of test set-up, it is possible to test, under
controlled conditions, such devices as diodes, tran-
sistors, resistors, relays, and circuit packages and
modules containing these components. Measure-
ments of resistance, current, and voltage are made
so that components can be tested rapidly and
economically.

In the output process, information to be trans-
ferred is taken from the computer memory on com-
mand and put into an accumulator—a temporary
storage register in the computer. This information
appears in binary form. The computer transfers
this information into a buffer register, also in binary
form and in the same order it appeared in the
accumulator. By selecting a particular output com-
mand, any one of a group of registers is loaded
with the binary information from the accumulator,
When this operation is completed, the power supply
produces an analog equivalent of the digital volt-
age. A typical technique for programing a powes
supply is shown in the figure below.

The output of the power supply depends on the
amount of resistance in the programing string,
Relays 1 through 9 are opened as needed by a
nine-bit storage register.

Inputs from the accumulator are fed to eight
capacitor-diode gates that control eight flip-flops.
When these gate inputs are at zero volts and a
command pulse also appears at the eight gates, a
pulse is fed through the enabled gates, setting cer-
tain of the flip-flops to one state. Each flip-flop in
turn operates a relay driver. A clear pulse is pro-
vided to set all the flip-flops to the zero state.

The binary-weighted output of the programable

2560 S #9
1280 3 ¥ 8
640 ¢ H 7
30 ¢ ¥ 6 | P
PROGRAMABLE v
160 3 =<5 POWER SUPPLY out
B0 g =<4
40 3 3
20 s ;f 2
10 $ 1
Technique for programing a power supply, with
a binary-weighted resistor string controlled
by normally-closed relay contacts. Qutput
voltage is KRia, where K equals IV/(100 ohms).
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power supply can be any valie from 0 to 51.1 volts
in 0.1-volt steps. The individual bit values are:

Bit number Voltage
0.1
0.2
0.4
0.8
1.6
3.2
6.4
12.8
25.6
For a reading of 0 volts, all bits of the register
contain zcros. With ones in all bits, the voltage
reading wonld be 51.1. To program 25.8 volts. the
binary number would be 010 000 001; that is, 0.2
plus 25.6. To program 1.1 volts, the binary number
would be 110 100 000; that is, 0.1 plus 0.2 plus 0.S.
The routine used by the computer to load the
register is a simple two-instruction process:

O 00 =~1 Utk OB =

Instruction  Meaning

LAC 1000 Load the accumulator with the num-
ber in memory location 1000,

IOT 6754 Clear and load the ones from the ac-

cumulator into the buffer register.

To carry out these instructions, the computer trans-
fers the binary nuinber from memory location 1000
to the buffer register. To produce the 25.8 volts
cited above from the programable power supply,

Computer routine

Inst. No. Instruction
1 LAC 5000

Remarks

Load the accumulator with
the contents of memory loca-
tion 5000 (2.58 v binary)

Store 010 000 001 in program-
mable power supply buffer
(PPS now goes to 2.58 v)

Convert a-d. A-D converter
reads V... and converts it
to binary 010 011 000. (1.52
volts)

Transfer the a-d converter bi-
nary output to the accumu-
lator

Store the contents of the ac-
cumulator in memory location
5001 for further reference
Compare a-d reading with min-
imum and maximum stored
limits

End of test routine

2 6754

3 6755

4 6756

5 DAC 5001

6 Jm s Compare

7 END

The author

Kenneth Wakeen is chief engineer
at the Nexus Research Laboratory.
He designed the automatic circuit
tester while he was manager of
production engineering at the
Digital Equipment Corp. He is
married, has five children, and his
hobbies are oil painting and golf.

the number in location 1000 would be 010 000 001.

After the programed voltage, V., is gencrated
the analog voltage, V;, must be measured. To do
this, the computer issues a read command which
causes the a-d converter, by successive approxima-
tions, to convert the reading to a binary number.
For example if Vi, = 1.52 volts, the binary number
gencrated by the a-d converter is 010 011 000,
assuming a value of 0.01 volt for the least sig-
nificant bit; that is, 1.28 4+ 0.16 + 0.08 = 1.59.

This information is now ready for the computer.
A third command, “enter data from a-d,” is issued
and the 010 011 000 (1.52 volts) is transferred to
the accumulator of the computer, destroying the
previous information in the accumulator.

A typical routine used to program a voltage and
measure is shown at left helow.

Circuit testing

By expanding the number of buffer registers and
with proper programing, the tests for a large num-
ber of modules or components can be stored simnl-
tanconsly in the computer core memory. Informa-
tion is loaded into the memory from paper tape.
The memory contains instructions for testing the
1104, as well as 20 to 30 other module types. To
select the testing sequence for 1104 simply tvpe
in “1104.” The computer then compares this num-
ber to a stored table, which lists all modules that
can be tested. If the number is mistvped or does
not exist in the memory table. the computer types
back a “no.” indicating crror in selection.

On correct selection, the operator need only load
the test socket with the module to be tested. push
the test button. and the test procedure is carried
out automatically. The module goes through a load-
resistance test. Vip (collector-to-emitter terminal
voltage) test, lower-level test (off-voltage), and rise
and fall time tests, by expanding the concept of
in-out transfer.

The programable power supply is programed at
2.8 volts, and the computer controls the switching,
This voltage is applied in sequence to each of the
bases of the 1104 inverter pins H, M, S and W, as
shown on page 78 at top left. The voltage is meas-
ured by sequentially connecting the a-d converter
through similar switching to pins L, R, V and Z.
The a-d converter measurements are then fed into
the computer and compared against stored limits.

The computer can now take action based on test
results, and print a readout. Similar techniques are
used to measure lower levels and load resistance
with different input voltages and test limits.

A-c rise and fall measurements are made by pro-
graming a digital-readout sampling oscilloscope
and a pulse and sync generator. The digitized read-
ing from the sampling oscilloscope is similarly fed
into the computer memory for evaluation. This
system depends on the analog readings that have
been digitized rather than on a go, no-go type of
comparator. Digitized readings allow for data-log-
ging and easy modification of test limits and test
conditions.
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Space electronics

Birds-eye view of the weather

Nimbus | will send pictures automatically. Here's
how to assemble a low-cost station to receive them

By Charles M. Hunter and Edward Rich Jr.

National Aeronautics and Space Administration,
Goddard Space Flight Center, Greenbelt, Md.

A topside view of the weather, taken from above
by a meteorological satellite, will soon be beamed
to anybody who cares to operate a relatively
simple ground station.

Starting next month, when the Nimbus meteor-
ological satellite is shot into orbit [p. 99], govern-
ment agencies hope to keep at least one camera-
equipped weather-eye in the sky at all times.

Nimbus I is scheduled to pass over the same
area at the same time every day. One of its camera
systems, called APT for Automatic Picture Trans-
mission, will photograph a million-square-mile

DATA ACQUISITION
RANGE OF A SINGLE
APT GROUND STATION

N SHOWING PICTURE
COVERAGE FROM THREE
- TYPICAL 500 N.M. ORBITS
ROTATION -

Ground coverage as seen by Nimbus's APT
camera. Near-polar orbit will bring Nimbus over a
single place at the same time every day.
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arca every 208 seconds and transmit the pictures
to any suitable receiving station.

Ground stations no longer have to cost $32,000,
the price of a ready-made system. They're now
within the reach of anybody—for example schools,
airlines, television stations, farms and ship com-
panies—for less than $6,000, on a do-it-yourself
basis.

Information will be disseminated regularly as
to when and where the satellite will pass over any
given area. This data will enable a ground station
to point its antenna toward the satellite. Then a
facsimile recorder will provide a picture of warm
fronts and cold fronts within 500 miles of the
station. It will also show vortexes indicative of
storm centers, and cumulus clouds that result
from agitation in the atmosphere.

Nimbus I will be followed by another Nimbus
satellite, and then—around next winter—by a
group of Tiros Operational Satellites, launched by
the National Aeronautics and Space Administra-
tion and financed by the Weather Bureau. Of the
first five operational vehicles, two will have a pair
of APT systems apiece and the other three will each
carry two Advanced Vidicon Camera Systems
(AVCS). AVCS pictures, of higher resolution than
APT’s, will cover 250,000 square miles of earth.
They will be stored on tape, and later read out over
a central facility, permitting the assembling of a
worldwide collection of weather photos.

The master plan calls for keeping two satellites
orbiting the earth at all times, one equipped with
APT and the other with AVCS. Ultimately, NASA
hopes to come up with a single camera system that
does both jobs—transmitting photos every 208
seconds and storing others on tape.

Picture coverage ranges from approximately 800
nautical miles on a side for the camera system on
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APT camera system on board the satellite transmits pictures to the ground every 208 seconds.

How the camera works

One reason why an APT ground receiver can be built
with readily available equipment is that most of the work
is done “‘upstairs.”

The APT camera system is not only the photographer,
but also the darkroom. What it sees, it transmits as
signals that the ground receiver can easily handle.

The heart of the camera is a one-inch, 800-line storage
vidicon. It looks at the earth through an /1.8 108°,
wide-angle lens with a focal length of 5.7 millimeters,
and a shutter.

The vidicon provides long-term image-storing capability.
A polystyrene layer with high resistivity stores images
for months in the form of distributed electrostatic charges.

The camera operates in automatic, repetitive cycles of
picture-taking and readout. The vidicon has a programed
electrical sequence of “‘prepare,’” ‘‘expose’’ and ‘‘develop’”
before a picture readout.

Taking the picture

“Prepare’’ consists of bringing the gun side of the
polystyrene to a uniform potential and erasing any
residual charge from the preceding picture. During
“expose’’ the shutter is operated, projecting the image
onto the photoconductor. The *‘develop’ operation
consists of switching grid potentials so that the charge
pattern is transferred from the vidicon’s photoconductor
to the polystyrene layer. This charge pattern is
discharged by the electron beam during the readout
process converting the image to a video signal. The
entire prepare-expose-develop (PED) cycle takes
eight seconds.
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Readout takes place immediately after the PED cycle.
The readout is four lines a second; for the 800-line vidicon
this results in a 200-second readout time for each picture.
This, with the eight-second PED cycle, results in a span
of 208 seconds per picture.

A beam-pulsing technique, rather than continuous scan,
is used during readout to provide the optimum dwell time
for the electron beam on the target. It has been
determined that 25-microsecond pulses at 4,800 pulses
per second yield the best results.

Out comes the video

The video information is contained in the peak-to-peak
value of the 25-microsecond pulse—approximately one
millivolt peak-to-peak for a black picture. The white level
approaches zero volts. The video signal is coupled to a
low noise nuvistor preamplifier used as a cathode
follower. This in turn drives a 24-kilocycle bandwidth video
amplifier providing a one-volt peak-to-peak output of
sampled video information, which is fed to the video
detector. The input of the video detector is clamped to a
negative supply voltage by a transistor switch during the
interval between sampling pulses. This clamps out any
random noise that might possibly be present in the video
chain.

The video detector attenuates all frequencies above
1,600 cps at the rate of 24 decibels per octave
(referenced to one-volt sinewave input). The smoothed
output of the detector then contains the video variations,
but without the 25-microsecond pulses.

Modulating the signal
The output of the detector is passed through a video
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Helix antenna with eight turns is used at many
APT receiving stations. A set of four cross-polarized
yagi antennas would do the job for less money.

Picture taken with APT camera on Tiros V!!I
shows the West Coast of the United States.

switch to a balanced modulator to amplitude-modulate a
2,400-cps subcarrier. The subcarrier is derived from a
master clock with a stability of one part per million which
is more than adequate for standard facsimile receivers.
This results in a double sideband modulated subcarrier
with sidebands of 1,600 cps above and below the subcar-
rier frequency. The modulated subcarrier, in turn,
frequency-modulates the 136.950-megacycle carrier of
the transmitter.

Facsimile transmission

To start and synchronize the ground station’s recording
device—a helix and writing-blade facsimile machine—the
camera system transmits a three-second, 300-cps start
tone and five seconds of phasing pulses (a 12.5-milli-
second, black-level pulse at the beginning of each line for
20 lines). This transmission occurs during the eight-
second PED cycle and prepares the facsimile machine to
receive video information and synchronizes it with the
vidicon scanning beam. Then the picture is scanned, line
by line, from the vidicon storage layer, and immediately
transmitted to the ground.

Picture quality is measured in shades of gray detectable
by the eye. In the present system it is possible to dis-
tinguish six or seven shades. This figure of merit depends
on the noise and linearity of the systems. Minimum peak
signal-to-rms noise ratios of 26 db have been consistently
measured. This is calculated as 20 log,. peak-to-peak
signal/rms noise.

The APT camera system® was developed by the Radio
Corp. of America under the direction of NASA's Goddard
Space Flight Center.
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Tiros VIII (380 nautical miles altitude) to approx-
imately 1,450 nautical miles on a side for a satellite
at an altitude of 750 nautical miles. The Tiros VIIL
satellite was launched Dec. 21.2

Transmitting the pictures

Botli Tiros and Nimbus use a commercial tele-
metry transmitter manufactured by United Electro-
Dynamics, Inc. At 136.95 Mc, it produces a five-
watt frequency-modulated carrier. Deviation of the
transmitter is 10 Ke and, allowing for a 30-Ke pre-
detection bandwidth, the power requirement is five
watts. Transmitter frequency stability over the
temperature range is better than 0.019 . At the time
and temperature of readout, the short-term drift is
negligible.

For practical considerations, the Nimbus antenna
is described here. When it is used as a basis for
ground-station design under the worst conditions,
the signal-to-noise margin is still adequate.

The antenna is a quadraloop mounted on the
base of the spacecraft. It has the appearance of a
dielectric-loaded, short-circuited transmission line,
and has a radiation pattern similar to a standard
dipole’s. However, the pattern is distorted by both
the spacecraft structure and the solar paddles: thus,
for design purposes, the gain must be considered
as one. Polarization is essentially linecar, with a
beam width of 122°. The satellite transmits signals
of linear polarization with some right-hand com-
ponents present because of atmospheric shift at
low clevation angles. Normally, reception below
10° above the horizon is not practical and should
not be considered in path-loss calculations. Initial
Nimbus orbits are planned to be about 500 miles
in altitude. This provides a slant range of approxi-
mately 2100 miles, and its associated path loss of
146.2 db. Slant-range is the line-of-sight distance
from the spacceraft to the ground station, measured
along the path radio waves travel.

Building a ground station

The APT ground station consists of an antenna,
preamplifier. receiver and readout device. The
requirements are ecasily satisfied.

The antenna system can vary widely in cost and
complexity. The commercially available Nimbus
ground stations use a single eight-turn helix with
manual, remote control in both azimuth and eleva-
tion. This antenna has a gain of 10 db, referenced to
an isotropic source, to a linearly polarized signal,
and 12 db to one of circular polarization with right-
hand components. Beam-width is 36° over a band-
width of several megacycles.

Many variations are possible. Only two basic
requirements must be satisfied: 10-db gain, and
pointing capahility to maintain carrier-to-noise level
high enough to receive clear pictures.

Normally, orbital data and predictions are avail-
able and published shortly after a satellite is
launched. With this information, a practical com-
promise is possible to greatly reduce the antenna
system’s cost. Rather than motorizing the antenna
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Paper-type facsimile machine could be used to receive satellite’s readout. General circuitry techniques are shown.

and using the more complex helix, a set of four
single cross-polarized yagi elements may be
emploved. Two of the clements are tuned to the
horizon 180° apart. The center pair cover the arca
in between. When such an antenna is used and
current fed in phase quadrature, an eight-element
wide-spaced yagi has been shown to provide 12 db
gain over isotropic sources. Beam-width is a cone
that varies between 35° and 38° at the 3-db points.
Bandwidth is only slightly less than the helix. Yagi
design is a textbook operation and not critical.

The major drawback to such a system is adjust-
ment in azimuth during every second orbit. This
can be simplificd by mounting the four elements
on a single boom and rotating the boom with a
light-duty antenna rotator. The antenna can be
simply switched, in accordance with the satellite’s
Pposition, with a coaxial switch. For a slight increase
in noise because of exposure of all elements of the
array to high sky temperatures, the antennas can be
fed in phase. Such an array, built with student
labor, would be quite inexpensive.

A typical antenna that could be used to receive
the APT signals is a yagi with eight elements or
more, with the first set mounted horizontally and
the second set mounted vertically through a com-
mon boom. The reflector should be one-half wave-
length, (A/2) with the radiator and the directors 5%

a2l i e =

Canadian station at Ottawa has antenna programmer (left)

to point the antenna directly at the satellite. Antenna at and 10% shorter, respective]y. Spacing between the
right was built by Danish Meteorological Institute from reflector and the radiator should be 0.2x, and be-
available radar equipment and has a gain of about 15 db. tween the remaining elements, 0.25\.

The radiator should have 300-ohm folded dipoles,
vertical and horizontal, connected to a balun and
then to 50-ohm coaxial cable. Each folded dipole
is fed in phase with a one-wavelength cable.
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Comparative costs

Antennas
Scientific Atlanta, Inc., motorized-manual
with TACO 8-turn helix

Telrex Laboratories cross
polarized, 12 db, manual

Home-made cross polarlzed rotatable,

4-bay paralle! array . . 200

Receivers

Vitro Electronics Div., Vitro Corp. of
America, Nems-Clarke telemetry receivers. $1,400-2,400
Defense Electronics, Inc.,

general purpose f-m 2,000

Radio Corp. of America
Carphone Model 150 (modified). ..

Nuvistor Converter and Hallicrafter
f-m/a-m receiver

300

500

Commercial preamplifiers 400-1,000

Facsimile

Westrex, div. of Litton Systems, Inc.

photofacsimile without

automatic film processing . ...... ve....$35,000

Alden Electronic and Impulse
Recording Co.-paper

Muirhead Instruments, Inc., D-900-S-paper

5,000
5,000

Muirhead Instruments, inc.,
D-700-S-photofacsimile

Numerous antenna plans have been proposed,
most of which would satisfv the requirements.
Some other antennas suggested are a spiral array
(made by Telrex Laboratories), a modified discone
or a log-periodic type.

The preamplifier

Available preamplifiers include types using
nuvistors, transistors and tunnel diodes, as well as
conventional tubes. For best performance, the pre-
amp should be installed at the antenna. This might
indicate a choice of either the transistor or tunnel-
diode models to take advantage of the usc of the
coaxial cable for supplying power. However, based
on economics as well as sustained good perform-
ance, the nuvistor type is the best compromise.

All of the available preamps offer, for the narrow
bandwidth, a gain of 20 db or more with a noise
figure of about 4 db. For outdoor installation, a
preamp in a weather-proof box should be used.
Preferably the box should be prefilled with an inert
gas to reduce condensation. Suggested preamplifiers
include Nems-Clarke models PE 204A or SSP 137
transistor types, a tube type by Tapetone, Inc., of
Boston, or a nuvistor type by the Ameco Equip-
ment Corp., Mineola, N. Y., model PV-144 modified
to 137 Mc.

The receiver

Like the antenna, the receiver can vary greatly
in cost and complexity. The basic requirements are
simple and can be met quite easily by the receiving
section of most mobile receivers. Equipment is
plentiful for the 150 Mc f-m band, and modifica-
tions are minimal.
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The unit chosen should have a sensitivity of —
dbm (or 6 uv) or better, a predetection bandwidth
of at least 30 Kc, and a noise figure of less than 8
db. Most facsimile printers have an input of 600
ohms, thus an output at this impedance should be
provided to balance it.

This direct approach is probably the most practi-
cal. Numerous telemetry receivers are available, but
at substantially higher prices. Another possibility
is the use of 144-Mc¢ amateur-band receivers. Con-
verter modifications, if any, are simple, because the
frequency is close and the bandwidth sufficiently
wide for APT. Modifications might include placing
a capacitor across the tuned circuits to reduce the
frequency by 7 Mc to 137 Mc. Low-frequency re-
ceivers for f-m are not common, but the military
surplus market offers many interesting possibili-
ties including the World War II SCR-609. Or old
police radios could be used.

The facsimile recorder

Facsimile recorders of the helix and writing-
blade type (rotating helix and fixed writing blade
with paper coming between) provide duplication of
the transmitted video signal in varying shades of
gray on a white, electrolytic recording paper. Iron
from the recorder’s printer blade is deposited in
the wet electrolytic paper by a marking current that
varies in accordance with the received signal. On
some recorders, a heater bar completes the elec-
trolytic process by drying the paper and increasing
the density of the recorded copy.

In general, facsimile equipment operation is as
follows: the start tone, modulated at 300 cps, which
is transmitted by the satellite (see p. 82) is detected
to start the machine and enable phasing. The phas-
ing pulses from the camera systcm cause the helix
drive motor to fall out of synchronism and slow
down until some type of comparator circuit (either
electronic or mechanical) senses the in-phase condi-
tion and allows the drive motor to return to syn-
chronism. Also, during phasing, an automatic gain-
control circuit senses the received white level of
one volt rms and sets up the amplifier gain com-
mensurate with the transmitted video signal. To
prevent a return of phasing pulses during picture
printout, once phasing has been completed, they
are locked out until reinitiated by the incoming
start tone at the beginning of the next picture. On
certain types of facsimile machines, phasing, after
it has been accomplished on the first frame, is
locked out until the end of the picture sequence,
and the equipment is allowed to return to the
standby condition.

These machines can easily be modified for re-
phasing on every picture if desired. Accurate motor
drive of the helix is obtained from a highly stable
source, usually using a tuning-fork oscillator and
the necessary amplifiers and motor-drive circuitry.
The picture is printed out by taking the double-
sideband a-m signal from the receiver, demodulat-
ing and inverting the signal and passing it through
a full-wave rectifier to supply the d-c marking cur-
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rent that is inversely linear to the input-signal
amplitude (maximum signal with minimum mark-
ing current or minimum signal with maximum
marking current). This is necessary as the input
signal is maximum for white while the electrolytic
paper requires a maximum signal for black.

The facsimile equipment for the APT system
must operate at 240 rpm to be compatible with the

Paper facsimile recorder is Alden
dual mode model 9225. Muirhead and Fairchild
Camera machines also may be employed.

Canadians receive pictures by taking Polaroid
photographs of an oscilloscope readout.
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satellite equipment, utilize a 2,400-cps carrier fre-
quency and operate on an a-m double-sideband
signal.

Scveral manufacturers of facsimile equipment
have machines compatible with the transmitted
signal.

Commercial facsimile recorders

The Mufax D-900-S Chart Recorder is manu-
factured by Muirhead & Co.. of Beckenham, Eng-
land. Muirhead also has a plant in Mountainside,
N.J.

The machine was used in the research and
development of the APT system, and is still used
during checkout and qualification testing of cach
camera system. The D-900-S consists of three sepa-
rate units: the power-supply chassis, electronics
chassis and printer. The machine produces a 9-inch
by 9-inch picture with a resolution of 90 lines per
inch. A 600-ohm, balanced, 2-wire input is required
at a level of zero to —25 db, referenced to 1 mw
(600 ohms) with a recommended input of —10 dbm
An input-level tolerance of = 2 db is required. The
machine is set for operation over a black-to-white
ratio of 32 db. The tuning-fork frequency is 1,000
cps. The recommended recording medium is Mu-
fax electrolytic paper. The machine is sold for
about $5,000.

The Fairchild Camera & Instrument Co.’s Scan-
a-Fax, modified for APT compatibility. is used in
APT ground stations around the world. The Scan-
a-Fax has a resolution of 100 lines per inch with an
8-inch by 8-inch picture. The machine is capable
of 10 shades of gray, varying from black to white
in conformity with the 1961 gray-scale chart, pat-
tern 8, of the Institute of Radio Engineers. The
machine operates on a black-to-white ratio of 32

Summary of system specifications

Frequency Modulated Receivers

Frequency range 136-137 Mc

Predetection bandwidth—30 k¢ (min)
Sensitivity—minus 96 dbm or better

Noise figure—better than 8 decibels

Audio output impedance—600 ohms balanced.

Preamplifier——Gain—20 decibels
Input and output impedance—50 ohms
Noise figure—4.5 decibels maximum

Antenna—Impedance—50 ohms
Linear or circular right hand polarization gain—10 deci-
bels (min)

Facsimile

Input impedance, audio—600 ohms

Dynamic range black to white—32 decibels

Writing speed—240 rpm

Subcarrier frequency—2400 cycles per second
Modulation—amplitude, double sideband

Modulation sense—selectable positive

or negative reproduction

Start—automatic or manual,

actuated by 300-cycle start tone

Stop—automatic, by cessation of carrier
Phasing—automatic, accomplished from 12.5-millisecond
pulses at 4 cycles per second for 5 seconds. Lockout of
phasing is desired at the end of 5-second phasing signal.
Automatic gain control—required for optimum operation.
Sets up during phasing and should then be

locked out at the end of the phasing signal.

Input range—0 to minus 30 dbm.
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Photofacsimile, of the type made by Westrex, does a better job but costs more.

db referenced to 1 mw (600 ohms). Input imped-
ance is 600 ohms with a recommended input level
of —10 dbm.

The tuning-fork frequency is 960 cps. The equip-
ment can use several manufacturer’s electrolytic
paper. Fairchild’s type 36-A is designed for the ma-
chine. The machine is in one chassis and utilizes
transistorized circuitry. The company declined to
quote a price for a single unit.

The Alden Electronic & Impulse Recording
Equipment Co. has a machine identified as the
Alden Dual Mode Facsimile Recorder No. 9225.
This machine is designed for APT operation at 240
rpm, as well as for operation as a standard 120-
rpm facsimile recorder for weather maps. The re-
corder consists of three basic elements: the re-
covder head, transistorized electronics nnit and a
Mobile Uni-Rack. Either of the two operation modes
can be selected by means of a switch. The manufac-
turer states that the picture is 10.5 by 10.5 inches,
input impedance is 600 ohms balanced with an input
range of 0 to —30 dbm, and utilizes Alfax type A2
paper which produces sepia tones rather than
shades of gray. The equipment costs about $5,000.

The Westrex Corp. has converted its standard
photofacsimile model 3030 TP, for APT. The West-
rex system is designed for automatic turn-on and
automatic or manual phasing. Westrex is a division
of Litton Industries, Inc. Phasing in this system,
is also monitored on a built-in oscilloscope. The
phasing pulses are gated into phasing-control cir-
cuitry during a five-second period. Gating is then
disabled so that video peaks appearing in the video

The authors

Charles M. Hunter is spacecraft
manager for the Tiros Operational
Satellite System at the Goddard
Space Flight Center. He was
technical officer for the APT system
for two years. At 30 years of age,

he is among the youngest of NASA’s
key technical personnel.
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composite do not cause false phasing. Svnchroniza-
tion is maintained over the duration of a frame
through the use of a stable 2,400-cps tuning-fork
oscillator. Video conversion is accomplished by
modulating a R-1168 readout tube made by Syl-
vania Electric Products, Inc. The tube, in turn,
scans the film by means of an oscillating mirror.

Circuitry is also included for gamma correction
to compensate for nonlinearitics in spectral re-
sponse in optics and the readout tube and the
particular film or paper being used. While this is
a sophisticated system, it does provide a high-
quality, high-resolution reproduction.

Map matcher

A data-reduction kit, which helps the station-
owner identify local terrain from the APT pictures,
is sold by the Aracon Geophysics Co. of Concord,
Mass., for $225. It includes a set of overlay maps,
a large plotting board in the form of a circular slide
rule, worksheets and instructions to help the user
to match his pictures with familiar land masses and
to match the published orbital information with the
position of the satellite to aid in pointing the an-
tenna. Aracon and the \Weather Bureau can pro-
vide additional assistance in reading the pictures.
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Communications

Tropo goes commercial

AT&T prepares to use tropospheric system

in U. S. with solid-state equipment for more reliable service

By Alexander A. McKenzie

Communications Editor

Solid-state transmitting and receiving equipment
for a tropospheric transhorizon radio network will
be delivered soon by Radio Engineering Labora-
tories, Inc., to the Long Lines department of the
American Telephone and Telegraph Co. The net-
work will be the first commercial overland tele-
phone and telegraph system of its kind in the
United States. Although the extent of the network
has not been discloscd, the nature of tropo and
the quality and amount of the equipment indicate
an exacting demand for high transmission stand-
ards and high reliabilty on an overland relay
route of considerable length.

Each radio terminal will employ quadruple di-
versity and will be equipped with four low-noise
receivers using parametric amplifiers. These re-
ceivers will use threshold extension circuits of the
f-m feedback type to enhance the signal-to-noise
ratio during periods of extrcmely low signal
strength. The four receivers will obtain optimum
diversity reception by using post-detection or

Solid-state exciter, with the modulation amplifier
unit putled out. Plug-in baseband-amplifier
printed circuit cards are being removed.
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baseband combining circuits that take full ad-
vantage of f-m signal-to-noise discrimination after
limiting and deemphasis. In such a combining
system, the composite output is always at least
equal to the input from the receiver picking up the
strongest signal. The noise-power ratio of the in-
termodulation distortion has been specified at
more than 55 decibels, indicating that high-speed
transmission of data is contemplated.

Success in the far north

During the last 10 years or so, the art of radio
communication using both very high and ultra-
high frequencies over nonoptical paths—those over
which the transmitter cannot be seen from the
receiver—has grown from nothing to a multimil-
lion-dollar investment. Nonoptical radio-wave prop-
agation was first employed for defense purposes in
Arctic regions, where the better-known high-fre-
quency  communications  techniques falter and
sometimes fail for hours, owing to the effect of the
aurora borealis. Such uses have already been de-
scribed for the Bitter Sweet, Dew Line and White
Alice systems linking Greenland, the Canadian Arc-
tic and Alaska with defense installations to the
south.

Bitter Sweet differs from the other systems in
that it employs the E-layer of the ionosphere (a
layer from 50 to 400 miles above the earth) to
reflect, or bend, signals over the nonoptical path.
While this mechanism is important, providing re-
liable teleprinter and even voice signals over dis-
tances from 600 to 1,200 miles per hop, it is lim-
ited to the radio frequencies between about 25
and 60 megacycles. It is mentioned here chiefly to
differentiate clearly between it and the more ver-
satile mechanism of propagation known variously
as transhorizon tropospheric propagation, tropo-
spheric forward-scatter, or just tropo. Its name
derives from the region of the atmosphere, between
the earth and an altitude of about seven miles,
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NATO communications system, Ace High, extends in a semicircle from
eastern Turkey to the northern tip of Norway. This tropospheric network is
8,300 miles long, and the dashed portion has been in service since 1958. The
short extensions, shown by light lines, are short-hop microwave links.

called the troposphere. Using frequencies from
400 to 8,000 megacycles, systems generally employ
hops from about 100 to 500 miles.

Bending radio beams

How does a tropo system work? One theory is
that the atmosphere is stratified into layers of
varyving size and thickness. Each layer comprises
a discrete body of air, varving from the adjacent
air in temperature and moisture content. These in-
visible cloud layers have different indexes of re-
fraction owing to the differences in their tempera-
ture and moisture content. Thus, the boundaries
between layers are reflecting surfaces. Radio sig-
nals reaching the surfaces are reflected, and the
angle of reflection is equal to the angle of inci-
dence.

Other workers have postulated radio clouds,
blobs or similar scatterers. These are thought to
refract a small portion of the radio energy back to
the receiving location in much the same manner
that we are enabled to perceive a distant search-
light beam as it illuminates moisture and dust
particles of the air on a dark night. The terms
“forward scatter” and “tropo scatter” derive from
this explanation of the transhorizon radio phe-
nomenon.
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A ray from the transmitter, shown in the figure
on page 91, is reflected in multiple fashion at
the common volume (shown in color), having
reached the region by following ordinary laws of
radio propagation, bending slightly to follow the
earth’s surface. After scattering or refraction in
the common volume, the signal is directed toward
the receiver, obeving normal laws of propagation.

The ficure also indicates that the height of the
scattering volume varies with path length. As-
suming unobstructed paths with zero horizon an-
gles, the common, or scattering volume for each
would be:
100 miles 1,000 to 6,000 feet
200 miles 2,000 to 10,000 fcet
400 miles 10,000 to 70,000 feet
These elevations assume use of antennas with di-
ameters of 30, 60 and 120 feet for 100-, 200- and
400-mile paths. and assume beamwidths that re-
sult at frequencies in the order of S00 megacy-
cles. It is expected that the new AT&T systemn
will operate at 2,000 megacycles, but the figures
shown are representative.

Unpredictable signal

Since the exact nature of the tropo signal cannot
be predicted mathematically, systemn design is pred-

89



SCATTERING ANGLE

Two pairs of sites (color) for the same distance
may produce considerably different angles. Since
a small scattering angle is generally desired,
sites with good elevation are chosen.

icated upon path-loss measurements and other em-
pirical data derived from observations on many cir-
cuits. For communications engineers unaccustomed
to dealing in transhorizon tropo figures, median sig-
nal levels from 40 to 100 decibels below free space
come as a shock. The median signal (for example,
about 80 db for 100 mc at 300 miles and a little more
for 1,000 mc) is that value of a widely fluctuating
signal that is exceeded just half the time.

The three types of fading that cause fluctuation
of the signal are fast—sometimes as much as 20
fades a second on short paths—diurnal and sea-
sonal. Long-term variations from summer day—the
most favorable signal—to winter night—the poorest
signal—may account for 10 to 15 db on a short
path and about half as much on a 400-mile path.
Transmission is better over water than land.

The short-term variations result from interference
effects. Sometimes rays arrive in phase and rein-
force each other to create a strong signal. At other
times they arrive out of phase, tend to cancel out
cach other, and reduce the signal level. Like the
long-term changes, these variations are greater and
occur more frequently on a short path than on a

long path. Echoes, resulting from fast fading, can
cause selective fading that produces distortion in
wide-band transmissions. However, the high-gain
antennas required reduce the delay time between
direct and delayed signals to a point at which
useful bandwidths of several megacycles can be
obtained.

Path loss

The median signal figures are comparisons with
free-space transmissions and should not be con-
fused with the path loss experienced between trans-
mitter and receiver in a tropo system. For example,
on a typical 200-mile path the signal loss may be 20¢
db. This loss comprises several components. The
free-space portion, following the inverse-square
law, increases 6 db each time distance or frequency
is doubled. Assuming a zero horizon angle, the
over-the-horizon component of loss increases
nearly 18 db cach time the distance between ter-
minals is doubled. It varies with frequency, in-
creasing about 3 db each time the frequency is
doubled. Since lower scatter angles [figure above,
left] result in smaller path losses, it is important
to site stations as high above surrounding terrain
as is practicable. There are practical limits to the
size of antenna to be used in overcoming other
losses. Although gain increases with antenna diam-
eter, it does not increase in the same ratio in tropo
work as it does in conventional communications,
because some rays reach a large antenna out of
phase. The cost of increasingly powerful trans-
mitters, assuming that they are even possible with
current technology, sets an economic limit on the
length of tropo paths. Until now, such paths have
been used for military circuits, and domestically
only for overwater hops.

Diversity reception

The phenomenon that limits the effectiveness of
very large antennas—the fact that rays arriving by
different paths are out of phase—works to advan-
tage for diversity reception. The effectiveness of
diversity also counterbalances the need for high
power that would otherwise be necessary to insure
continuous workable signal levels.

Tropo: history and mystery

Until well into the 1940s, many radio engineers
believed that communication on frequencies in excess of
about 40 megacycles required an optical path between
transmitter and receiver, or at least—to compensate for
optical refractive effects—a path based upon the concept
of an earth having four-thirds the radius of the real earth.

This belief negated the experience of Guglielmo Mar-
coni, father of practical radio communications, who in
1932 reported talking over a distance of 168 miles
using a radio frequency of about 500 megacycles. Ama-
teurs and other experimenters during the 1930s showed
that nonoptical communication was often possible on
frequencies of about 60 and 144 megacycles, even with
very low-power transmitters and insensitive receivers,
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although diurnal and day-to-day variations in signal
strength were relatively enormous.

One group, of which the author was a member, under
the direction of G.W. Pickard, inventor and experimenter
at Seabrook Beach, N.H., found that over the sea, signals
could be exchanged at a distance several times that to
the horizon. Results of these observations were corre-
lated by the late Ross A. Hull of the American Radio
Relay League in West Hartford, Conn. With the help of
Charles F. Brooks, director of the Blue Hill, Mass., and
Mount Washington, N.H., Observatories, he showed a
correlation between meteorological air masses and sig-
nal strength.

Later, with the advent of higher transmitter power—in
the order of 50 kilowatts—moderate-gain antennas and
frequency-modulation techniques, it was discovered that
signals could be detected in the frequency range between
40 and 50 megacycles, at a distance beyond 300 miles.
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When two antennas are separated by more than
100 wavelengths, variations of signal level are sim-
ilar but occur at different times. The signal-to-noise
ratios in the output of one receiver tend to be low
when those in the output of the other are large.
The present practical limit is reached in signal
improvement with four receivers. The outputs of
the four receivers arec combined in such a manner
that the output of the combiner represents at least
the input to the unit receiving the best signal.
Gencrally, each signal received in a quadruple-
diversity system contributes to the final output
signal to produce a total signal-noise ratio more
favorable than that of the strongest signal alone.

Diversity can also be accomplished using two
transmitters, each operating on a frequency that
differs from the other by about 0.5% as shown in
the diagram on page 92. These two signals are
intercepted by only one high-gain receiving an-
tenna, to which two receivers are connected.

Controlling reliability

The percentage of time in which a tropo circuit
transmits perfect signals is a function of two kinds
of reliability—that of the radio path and that of
the equipment. Equipment reliability is of two
kinds—its adequacy to perform within the working
limits of the system, and its ability to function per-
fectly without breakdown.

Unlike high-frequency radio circuits, which can
be blacked out by severe disturbances of the iono-
sphere through sun-spot activity or nuclear explo-
sions, tropo propagation is inherently reliable. Some
signal comes through at all times, no matter how
weak. With statistical techniques in handling
known data from existing tropo paths, it has been
possible to design systems having desired relia-
bilities.

For example, a path over which a required signal
is available 50% of the time for all hours of the
year might have a path loss of 200 db. If the cir-
cuit must be 99.9% reliable, another 20-db gain
may have to be added to the system, and the path
loss is then expressed as 220 db. If it is desired to
provide protection for the worst hour, the statistical
distribution might show that another 3 db is re-

Scatter angle varies with path length so the scatter
volume (color) occurs at different elevations in the
troposphere. One characteristic of a short path is
more rapid fading, owing to meterological effects.
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and 475.2 minutes to 0.04 and 3.6 minutes respectively
for the extremes shown on the chart.

Often these signals were strong, providing excellent
reception of music for several hours. At other times sig-
nals were weak and fading, entirely unsatisfactory for
music reception and unreliable for communications.

Further exploitation of this mode of propagation was
cut short by World War |1, although there seems to be
evidence that the inventor of f-m, Edwin H. Armstrong,
was quietly collecting information that might have a
bearing on what were then known as propagation anom-
alies. But Armstrong died in 1954 without making any
formal contribution.

During the war, communications and radar people were
bothered by occasional long-distance reception of signals
that was unexpected by those who lacked knowledge of
anomalous propagation. Considerable study, some of it
at Radiation Laboratory, Massachusetts Institute of Tech-
nology, brought forth the theory of ducts—waveguides
formed in the atmosphere by meteorlogical conditions
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—to explain the radar and communications anomalies.
Postwar publication of earlier data, and careful study
at the information available around 1950, made it clear
that a new theory was needed to explain why signals
propagated through some mechanism of the troposphere
were so persistent as to rule out meteorological ducts as
the sole cause. Nor could the median signal, received
far beyond the horizon, he explained away merely by
postulating an earth with a longer radius.

Because these phenomena were not thoroughly under-
stood in the radio engineering community, a new sched-
ule of television frequencies was assigned, in which it
was assumed that television signals would hold to the
quasi-optical nature ascribed to them by man. The result-
ing interference between stations on the same channel
brought about a four-year freeze in the assignment of new
stations, and prompted engineering measures of great
economic significance.
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quired, for a total of 223 db.

To attain the percentage reliability desired, trans-
mitting and receiving equipment must be designed
to provide the gain or suitable signal-noise ratio
that will guarantee proper functioning of the sys-
tem. The engineering tradeoffs must be studied
carefully. Assuming it is possible to use a 100-kilo-
watt transmitter instead of a 50-kw, the resulting
gain is only 3 db. By contrast, relatively minor
changes in receiver design may produce larger im-
provement. For example, typical receiver noise
figures, with normal converters range from 7 to
8.5 db. Using a tunnel-diode amplifier, the figure
is reduced to 3.5 to 4, while a parametric ampli-
fier cuts the noise figure further, to 2 to 2.5 db.

Another important aspect of reliability involves
the nature of the hardware and its maintainability.
If components are chosen carefully, and if long-
life transistors and varactors are used to keep down
power consumption, equipment life becomes very
long as contrasted with some electron-tube equip-
ment in which lifetime has definite limits. Modular
construction, plug-in replacement units and drawer
construction make for quick repair of failing equip-
ment, and also obviate the need for highly skilled
maintenance personnel except at supply depots.
Reliability is also enhanced by visual trouble sig-
nals, such as lights, and by a provision for quickly
plugging in meters that show whether the circuit
is functioning in the proper range of adjustment
also enhance reliability.

Solid-state exciter

Radio Engineering Laboratories’ 2600-series
equipment will be used in the AT&T system.

For the 2-gigacycle, 132-channel system (300-
channel ultimate capacity), noise and intermodu-
lation distortion is kept low by using special
solid-state techniques. Power amplification at the
solid-state exciter output uses one traveling-wave
tube to drive the klystron final power amplifiers.
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Modulation, which is a critical function, is accom-
plished with a variable reactance-type modulator
stabilized by a crystal-reference automatic fre-
quency control circuit. The block diagram is shown
opposite. The modulator consists of a Hartley
oscillator with a tank capacitor made up of two
series-connected, voltage-variable capacitor diodes.
Modulation signals are applied to the center of
the diodes, causing the frequency to vary around
a rest value of 23.33 megacycles. The modulator
and the tripler that follow are contained in a
temperature-controlled oven, [picture] to minimize
the effect of variations in loading and temperature
on frequency stability.

The desired 70-megacycle component is ampli-
fied in the intermediate-frequency driver amplifier
while the subcarrier sidebands are suppressed in
a five-pole, flat-bandpass filter designed to min-
imize intermodulation distortion.

Although the reactance modulator is superior for
wide frequency deviation and low f-m noise, it
requires frequency stabilization. A small fraction
of the i-f driver output is amplified and applied to
a sampling switch that has very low forward-
insertion loss—in the order of 0.1 decibel with isola-
tion of 70 decibels between ports. Samples of the
f-m signal and of the output from a 70-megacycle
controlled reference oscillator are alternately ap-
plied to the demodulator by means of bias from
the sampling oscillator.

The output amplitude is proportional to the
frequency difference between the reference oscil-
lator and the average frequency of the outgoing
f-m signal. This error signal goes through a low-
pass filter, is amplified in the error amplifier and
rectified in the synchronous chopper demodulator.
The resulting voltage, related in amplitude and
polarity to the frequency difference, is filtered and
applied to the reactance modulator with a polarity
that causes its frequency to change in such direc-
tion as to reduce the error.

Receiver preamplifier

In the receiver, a parametric amplifier of the
negative resistance reflection type provides 20
decibels of amplification with a noise figure of 2.5
decibels [block diagram outline opposite]. The
varactor is contained in the idler cavity, which
forms a parallel circuit. The pump or local oscil-
lator frequency at 13,900 megacycles is lightly cou-
pled to the cavity by a pump filter. An adjustable-
waveguide short circuit is used for idler tuning. A
coaxial inductive stub on one side of the varactor
can be tuned to series resonance for the signal
circuit. The low-pass filter at the other side of the
varactor eliminates the pump frequency. This is
followed by a broad-band coaxial transformer that
raises the impedance of the signal source from 50
to 62 ohms over the entire frequency range of
operation.

To obtain an amplifier input voltage standing-
wave ratio (vswr) of no more than 1.2 to 1, wave-
guide circulators of inherently low insertion loss
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and low vswr are used. A wave guide T-junction
circulator at the input gives 24 decibels isolation.
A sccond circulator with 24 decibels isolation cou-
ples the input signal into the parametric amplifier,
and the amplified signal into the ouput isolator.
Temperature is controlled within =5 degrees at
60 C.

The pump klystron is stabilized for frequency
change, repeller modulation and power output, and
does not require elaborate sensing and feedback
controls. The klystron tuning is fixed, requiring no
adjustment of pump frequency. Adjustment of the
repeller voltage over a limited range achieves
peak power output. Pump level is normally set for
a nominal gain of 20 decibels.

The varactor is a silicon diffused epitaxial mesa
type in a miniature pill mounting.

Post-detection combining

To take full advantage of diversity reception, it
is necessary to combine signals from four receivers
in such manner that the resultant signal is never
poorer than that of the best receiver and usually
some increment comes from several receivers.
Iquipment with maximal-ratio post-detection di-
versity combining is being supplied for the long
lines system. This combining technique is also
used in the Ace High 40-span tropo system of the
North Atlantic Treaty Organization.

As shown in the block diagram page 94. the
combining element is a highly degenerate cathode
follower or solid-state cquivalent circuit whose
output is connected, for alternating current and
direct current. to other receiver combining cle-
ments. The internal impedance, and thus the noise
contribution of each receiver to the combined out-
put. is controlled from direct voltage gencrated
by sampling the thermal noise above the baseband.
The noise amplifier comprises several stages of
feedback amplification, an output rectifier and sta-
bilized automatic gain control, to provide an ap-
propriate control characteristic. The control auto-
matically removes from the combined output a
receiver that has failed, and operates an alarm.

Post-detection combining has certain advantages
over predetection combining. It operates after the
f-m signal has passed through the limiting and
demodulating processes, and is practically im-
mune to selective fading. This immunity results
from the fact that the noise sample extracted above
the baseband for combiner control is taken at
several times the baseband frequency and from a
relatively narrow noiseband. Selective fading, or
radio-frequency phase reversals within the signal
ing band, will therefore produce negligible effects.

Threshold extension

In an f-m receiver, the output signal-to-noise
ratio varies linearly with radio-frequency signal as
long as the signal is above threshold level. For
r-f signals below threshold, the signal-noise ratio
falls off more rapidly than the signal. Threshold
represents the signal power that produces signal-
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Up-converter in tropo transmitter employs
a traveling-wave power-output tube but is
otherwise solid state. Limit-type meters
are a part of equipment reliability plan.
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Parametric amplifier (varactor in color), used
in the receiver’'s front end, improves signal-noise
ratio over that of conventional amplifiers.
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Low-noise, wide-deviation reactance modulator (color)
requires frequency stabilization that is obtained

by comparing average frequency output with a quartz
standard (color) and correcting with an error voltage.

o

Reactance modulator is kept at a controlled temperature
to reduce variations in frequency.
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Baseband combiner, (color), used with each receiver,
insures that the best contribution to the composite
signal is obtained from each source. This method

is in contrast to a simple switch that selects only

the receiver with the strongest signal.

70 MC MOD
I-F INPUT OUTPUT
FREQ 30mc jf BAND AMPLITUDE
P
CONV i DEMOD EQUALIZER
100 MC
AFC

nl
i

ENSATOR

NORMAL WIDEBAND ——————»

FREQ TOMCY I-F
o I DEMOD
| Y T p—
{ I MODUL ATION
R-F [ THRESHOLD OUTPUT TO
INPUT DEMOD
géag%smu TRANSFER"%OMB'”ER AND
| ASEBAND
B CIRCUITS
mggsmo he Y
DEMOD EQUALIZER
<% MODULATION
AMPL MaD Lo
EQUALIZER TRANSFER{_
—?v D-C CONTROL
P 7 §
BAND. | M2 FREQ e [8ano
PASS PASS DEMOD
FILT g FILT
;
' 1oomc |
70 MC ?,4% F X
I-F PHASE
INPUT DOUBLER VCo —-I o
| ]
FREQ
C STABILIZ- —| |} 50MC
ATION

Basic f-m feedback threshold extension, depending
upon narrowing (color blocks) pass band (A), showing
how the principle is applied to a receiver (B) and

the actual receiver in block form (C).

94

voltage peaks equal to noise-voltage peaks at the
first nonlinear element—usually the amplitude lim-
iter—of the receiver. The ratio of r-f signal power
to noise power, or the carrier-to-noise at threshold.
is 9 to 10 decibels.

Threshold level is a function of the receiver noise
figure and radio bandwidth before limiting. Thus,
to lower the threshold, it is necessary to lower the
noise figure, or bandwidth, or both. Decreasing
bandwidth for this purpose lowers the signal level
to which the receiver output signal-noise remains
lincar. While system reliability is improved by in-
creasing the tolerance of the receiver to input-signal
level, the use of threshold extension is not a sub-
stitute for higher transmitter power.

Phase-lock techniques, used extensively in nar-
row-band communications and telemetry systems,
are not suitable for wideband systems. The f-m
feedback technique reduces the frequency deviation
by a degenerative process before transmission
through a narrow-band filter, lowering thershold
without excessive distortion.

As shown in (A) of the basic diagram left, fre-
quency deviation is reduced by a process of de-
generative feedback around a typical loop. Out-
of-phase deviation is obtained from a demod-
ulator and voltage-controlled oscillator in com-
bination.

The simplified block diagram (B) illustrates or-
ganization of a receiver for application of threshold
extension when a signal falls below the normal
threshold region.

The solid-state device of the type supplied in
the AT&T equipment is shown at (C). The incom-
ing signal frequency, at an intermediate frequency
of 70 wmegacycles, is preprocessed in a bandpass
filter. Degeneration of the f-m signal occurs in the
frequency converter, owing to the out-of-phase
local oscillator modulation from the voltage-con-
trolled oscillator and multiplier.

The bandpass filter determines the threshold of
the extension demodulator. The demodulator shown
recovers modulation for baseband output and loop
feedback. The feedback loop is completed by the
indicated phase converter, voltage-controlled oscil-
lator and frequency multiplier. The oscillator is
stabilized by an automatic-frequency-control cir-
cuit that is referred to a local oscillator. The fre-
quency meter provides a reference.

Demodulated output is amplitude-equalized and
passed to a transfer circuit where either the thresh-
old extension demodulator output or wideband
demodulator output is selected. Transfer is auto-
matic and normally takes place a few decibels
above normal threshold. To compensate for the
additional time required for the signal to travel
through the threshold extension demodulator as
compared with the wideband demodulator, a delay
equalizer is inserted in the wideband path before
the transfer function.

The author thanks Radio Engineering Laboratories, Inc., for
technical information on the 2600 Series equipment
which is the basis of AT&T's new tropo system.
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When reliability counts,
count on MYLAR™!

When you are recording or processing data, you
want to be able to depend on your tape without
worrying about it. If your tape is on a base of
“Mylar”*—you can! “Mylar’ is strong (a ten-
sile strength of 20,000 psi). “Mylar” is stable
(unaffected by temperature or humidity
changes). “Mylar” is durable (no plasticizer to
dry out or become brittle with age). “Mylar’ is
proven in use (a ten-year record of successful
performance). When reliability counts, count

It bRl
on Mylar . *Du Pont’s registered trademark for its polyester film,

only DU PONT makes
QUPIND ID77 T3
POLYESTER FILM

e gt et OF
BEYTER THINGS FOR BETTER LIVING THROUGH CHEMISTRY
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FROM DELCO

NINE NEW SOLUTIONS
TO CURRENT PROBLEMS

These are our latest: the DTG-1000 and 2000
series. Rugged 15 and 25 ampere germanium
Nu-Baset transistors specifically designed for
high-peak power switching applications.
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Video horizontal deflection with the Delco DTG-1010

These devices are ideal for high-current in-
verter applications, high-voltage TV Hori-
zontal and Vertical circuits, and automotive
ignition applications. Nu-Base construction
with H.K.{f spares you from junction ‘hot
spots,” too, so you don’t have to worry about
secondary breakdown.
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DC to AC inverter using Delco DTG-1000

Parameter stability is assured by Delco’s Sur-
face Passivation Ambient Control process.
And the extremely low leakage of these de-

vices gives you all the circuit design flexibility
you could ask for.
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Recommended operating region DTG-2000 series

Your nearest Delco semiconductor distributor
or any of our sales offices will be glad to give
you more information about these new tran-
sistors. And about our other Nu-Base tran-
sistors. The 5 and 10 amp. units.

Just drop us a letter or give us a call. Anytime.

tDelco drift field non-uniform diffused base construction
ttDelco hydrokinetic alloy process
Union, New Jersey"*

324 Chestnut Street
(201) 687-3770

Detroit, Michigan

Palo Alto, California

201 Town & Country Village

(415) 326-0365

Santa Monica, California®
57 Harper Avenue 726 Santa Monica Blvd. 5151 N. Harlem Ave,
(313) 873-6560 (213) 870-8807 (312) 775-5411

General Sales Office: 700 E. Firmin, Kokomo, Ind., (317) 452-8211—Ext. 500

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

Syracuse, New York
1054 James Street
(315) 472-2668

Chicago, Illinols®

DELCO RADIO

DIVISION OF GENERAL MOTORS, KOKOMO, INDIANA
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Coﬂmponent failure raté?zl per 10(57000,000 unit hours

JFD high reliability program unique
in piston trimmer capacitor industry

Only JFD can offer trimmer capacitors and tuners with a
proved failure rate of less than 1 per 100,000,000 unit hours
of operation .. .a failure rate that encompasses all parameters
including Q, A C, dielectric strength, IR, min-max capaci-
tance and torque.

The JFD white rooms are designed to maintain a dust
particle control of 0.3 microns. Temperature, pressure and
humidity are all closely controlled. Dust free anti-static cloth-
ing, special shoes and head coverings are standard for all
personnel. All aspects of the program equal or exceed govern-
ment specifications.

In the testing facilities units can be subjected to any

climatic or environmental condition required by Mil Specifi-
cations. All components undergo a ‘‘burn-in’’ testing at
accelerated voltages and temperatures in special chambers,
then are continuously monitored for minute increments of
/A C during vibration testing. Frequency range is 5-3,000
cps. Devices can also be simultaneously subjected to gravita-
tional force to 90 G's.

JFD’s lines of RVC capacitors and RLC tuners were ex-
clusively specified for Apollo, Gemini, Minuteman and many
other space and missile programs. That’s why—when you
specify any JFD component—you also specify dependability,
quality and versatile performance.

SEND FOR JFD CATALOG C-64

Components Division

JFD ELECTRONICS
CORPORATION

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

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

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

JFD MIDWESTERN, 6330 W. Hermione St., Chicago, Illlinois 60646

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

JFD WESTERN, 9 Morlan Place. Arcadia, California 91006

JFD CANADA LTD., 51 McCormack Street, Toronto, Ontario, Canada

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

LCC STEAFIX, 128 Rue de Paris, Boite Postale 51, Montreui!-sous-Bois, Seine, France
JFD ISRAEL LTD., Industrial Area B, Bldg. 23, Azur, Israel :
DUCON CONDENSER PTY,, LTD., Christina Road, Villawood, N.S.W., Australia
MURATA MANUFACTURING CO., LTD., Nagaoka Otokuni, Kyoto, Japan

THE 3 AMERICA KNOWS BEST!

Variable Trimmer Piston Capacitors m Metalized Inductors w LC Tuners @ Ceramic Fixed and Variable Capacitors u Fixed and Variable Distributed and Lumped Constant Delay Lines
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The last full measure of performance

is built into every IEI design.

Today, progressive engineers in every field
of electronics count on {El to provide ca-
pacitors which will invariably deliver the
superior performance required as modern
circuits growmore and more sophisticated.

[El has consistently and successfully
pioneered the newest developments in
aluminum and tantalum foil capacitors. In
both wet and dry slug tantalums, IEI per-
formancecurvesdramaticallydemonstrate
a decided superiority over the usual MIL
spec requirements.

[El engineering startswheretypical spec-
ifications leave off. Poured into every de-
sign are extra measures of research . . .
materials . . . workmanship . . . test proce-

dures to provide quality far beyond the
most stringent MIL specs.

Automated and other advanced manu-
facturing technigques assure better and
faster production . . . high quality repeata-
bility. A separate quality control depart-
ment provides a 100% checkout for all ca-
pacitors of the five critical parameters
with automatic QC instrumentation.

At IEl, Quick Reaction Capability is not
just an empty phrase. Engineering and
production facilities are geared to deliver
—unbelievably fast! Let us demonstrate on
your next requirement —whether routine
assignment or special design problem.

Write for complete information.

INTERNATIONAL ELECTRONIC INDUSTRIES
Box 9036-12, Nashville, Tennessee

A DIVISION OF m STANDARD PRESSED STEEL COMPANY ‘‘Where reliability replaces probability”
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Probing the News

Space electronics

Homemade ground stations to receive
weather pictures from Nimbus satellite

From Vandalia, Ohio, to Bandung, Indonesia, they'll
aim their antennas at the sky starting about Aug. 5

By Joel A. Strasser

Space Electronics Editor

Question: What does a high-school
freshman in Ohio have in common
with the Australian government’s
Weapons Research Establishment
and Radio Suisse in Bern, Switzer-
land?
Answer:

They’re all building

ground stations to receive weather

reports from satellites in orbit.
The Nimbus I weather satellite,

into orbit

scheduled to be shot

about Aug. 3 by the National Aero-
nautics and Space Administration,
will pass overhead at about noon
every day at points around the
world. It will be far easier to find
than its predecessor, Tiros VIII,
and easier to tune in on. Tiros VIII
is in an orbit that is inclined to the
equator and observers have to get
advance orbital information from
NASA to know when the satellite

will pass overhead.

The Weather Bureau wants the
results of Nimbus’s automatic
picture transmission (APT) to be
available throughout the world,
especially to ship lines, television
and radio stations, farms, airlines,
and other organizations that need
fast. accurate weather data. NASA
has authorized two of its scientists
to write an article (p. 81) on how
to build a ground station for receiv-
ing APT weather pictures.

Homemade components. In Van-
dalia, Ohio, 14-ycar-old Mike
Valentine has gathered technical
informa-
tion from NASA,
the Weather
Bureau and
Electronics
magazine, as
well as some
parts from the
Alden Eleec- A
tronic & Im-
pulse Recording Equipment Co.

Using a home-made radio-fre-
quency preamplifier and a Heathkit
f-m tuner. Mike intends to receive
facsimile weather pictures with a
helix antenna made from 54 feet of
3-inch aluminum tubing and as-

Window screen and bedspring are two
ingredients of this homemade,
eight-turn helix antenna for APT station
built by graduate students at the
University of Wisconsin. Ron Stewart
adjusts azimuth and elevation while
Dennis Thomson checks coordinates.



Ottawa station uses a scope for
display, instead of a facsimile
machine. R.S. Rettie of Canada’s
National Research Council, adjusts
receiver while C.1. Taggart of

the Meteorological Branch of the
Department of Transport watches
the signal on oscilloscope.

Canada’s answer to the pointing
problem. Each element of this
stationary array covers a section of

the sky in such a way that maximum
gain occurs at about 22° above the
horizon and at every 30° in azimuth.
Eight ““horns" (the structures that look
like two right triangles placed together)
feed preamps. RCA Victor Co. of
Montreal will use this design.

Test readout is taken from a
Fairchild-Stratos commercial station by
Charles M. Hunter, Spacecraft Manager
of NASA’s Tiros Operational Satellite
program. Hunter and Edward Rich Jr.
describe on page 81 how to assemble

a low-cost ground station.
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sorted pieces of aluminum conduit.
For a facsimile readout, he has
been experimenting with a light
beam from a neon bulb and an ad-
vancing rotating cylinder that his
father helped him rig up.

Rooftop station down under. In
Melbourne, Australia, the govern-
ment weapons agency has com-
bined commercial equipment with
a homemade antenna, tripod and
preamplifier to form a station suit-
able for picking up f-m signals
from Nimbus I. The agency modi-
fied an Eddystone 770R vhf re-
ceiver to NASA specifications, as-
sembled the entire station on a
rooftop, and said it achieved satis-
factory reception.

The antenna is a cross-yagi
mounted on a tripod that is manu-
ally steered with a handwheel and
permits movement in azimuth and
clevation. Screw jacks are attached
to cach leg of the tripod for level-
ing. and built-in spirit level are pro-
vided to check the angle of the
azimuth axis. The antenna may be
locked in any position. It has a
forward gain of 10 decibels and
voltage standing-wave ratio of no
more than 1.5.

Another “home-brew”  station
has been set up in Salisbury,
southern Australia. That country’s
Bureau of Meterology plans ad-
ditional stations at Perth, Darwin
and probably Cairns. These, in
turn, will be linked to facsimile
lines to provide cloud pictures.

Future stations will have crystal
controlled receivers and remotely
controlled antennas developed by
the Weapons Rescarch Establish-
ment. ]J.W. Lillywhite, Australia’s
director of meteorology, concedes
that the station is “in no way
revolutionary,” but he says it repre-
sents “an economical solution” to
the problem of receiving pictures
from Nimbus.

In Bern, Switzerland, Radio
Suisse has assembled a station
consisting of a helix antenna with
a gain of 8 db, a Tapetone, Inc,
converter (model 100), a conven-
tional high-frequency receiver, a
facsimile demodulator and a Muir-
head D-900-S facsimile recorder.
The station cost less than $25,000
contrasted to the $32,000 cost of a
commercial receiving station.

Spring and Screen. Some stations
arc much more makeshift. At the

University of Wisconsin three grad-
uate students have constructed one
using a combination of surplus and
homemade equipment. The colle-
gians have built an eight-turn
antenna using 0.5-inch copper tub-
ing to form the helix, and copper
window screen for the ground
plane.

To support the helix, an 18-foot,
2-by-2-inch piece of wood was
attached to the ground plane, with
wooden dowling separating the
helix from the support. A surplus
military antenna—an SCR-658 400-
Mc antenna attached to a tripod
and nicknamed a “bedspring”—
supports the helical antenna at the
base. The station uses an old 108-
Mc minitrack receiver that was
used in the Vanguard satellite pro-
gram with a 137-Mc converter on
the front end, made by the Ameco
Equipment Corp.; an f-m detector
and a Magnecord tape recorder.
The students plan to use a facsimile
recorder or an oscilloscope-and-
Polaroid-camera combination for
the readout.

Other homemade stations are
operating in Hong Kong, West
Germany, Brazil, Anahcim, Calif.
and elscewhere.

Britain’s Mecteorological Office
has taken readouts from the Tiros
VIII satellite, using the tracking
station of the Royal Radar Esta-
blishment. The British plan to build
a small station at Bracknell.

Clever Canadians. Canada has
built a station at Ottawa that dis-
plays cloud-cover pictures on a
high-resolution cathode-ray tube.
The weather pictures on the scope
are then photographed with a
Polaroid camera. This is an alter-
native to the facsimile machine.
The Canadians have also built a
programer to point the antenna
directly at the satellite to receive
the strongest signals.

They have used all-solid-state
circuitry with an oscillator phase-
locked to the 2,400-cps subcarrier
in the satellites’ transmission sys-
tem (p. 82). The oscillator’s output
is converted to 4 cps to obtain the
sweep frequency for the scope dis-
play. The scope can then be used
to reproduce the satellites’ signal.
The antenna programer has indica-
tor circles for azimuth and eleva-
tion, with holes every two degrees.
Based on orbital data, a pin is in-
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serted into a hole corresponding to
the satellite’s location at every
minute. A motor-driven pointer,
which advances from pin to pin, so
that it is always aimed at the
satellite, guides the antenna. The
Ottawa station uses a crossed-yvagi
antenna with 10-db gain.

Canada’s requirements for APT
data differ from those of the United
States. The highest possible resolu-
tion is needed to get good pictures
of ice conditions in Canada’s
coastal waters, in addition to
weather information. So the re-
ceived signal is recorded on mag-
netic tape to permit repeated play-
back into the display to obtain the
best possible picture.

East and West. At the Bandung
Institute of Technology’s electrical
engineering departinent. Indones-
ian engineers are working on a
simple ground station to meet the
needs of the island republic’s
weather forecasters while staying
within a limited budget.

They have built a quadruple
helical antenna with a 14 to 15 db
gain and have converted a Collins
Radio Co. VHF-101 recciver to
receive the satellites’ f-m signals.
They are converting a Telephoto
machine for recording the facsimile
readout from the satellites.

Engincers at the Danish Meteor-
ological Institute have built a sta-
tion near Copenhagen that has
been receiving pictures from Tiros
VIIT since Dec. 24. The Danes built
a steerable yagi antenna with a gain
of 9 db, and have access to another
vagi antenna that was put together
from available radar equipment.
The latter has four vagis. is both
manually steerable and autostcer-
able, and has a gain of abont 15 db.

The U.S. Weather Bureau’s
instrament division is experiment-
ing with a low-cost antenna pro-
aramer that can be used with com-
mercially available stations.

The programer antomatically
controls antenna slewing by using
predetermined orbital data that is

stored by manually positioning
switches on a control panel.
The eather Burcau uses a

spiral array antenna for its experi-
mental station.

About 50 of the antennas that
will follow Nimbus’s flight will be
of commercial manufacture. Their
prices range up to $40,000.
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State of the unions

They haven't benefited from layoffs of engineers.
But a new kind of organization seems to be evolving.

At the Boeing Co.’s sprawling plant
in Seattle, nearly one-fourth of the
engineers have been laid off as a
result of cutbacks in military
spending. Emplovment of engi-
neers has nosedived from 10.500 to
7,800. Yet membership in the Seat-
tle Professional Engincering Em-
ployees Association. the bargaining
agent for Boeing’s engineers has
increased from 2,300 to 2,700 dur-
ing that time. About 25% of Boe-
ing’s engineers are electronic or
electrical.

The seeming paradox has at-
tracted attention from students of
labor relations. Some have won-
dered whether the change in the
engineer emplovment situation in
the United States—from one of
prosperity to one of shrinking op-
portunities [Electronics, May 18,
1964, p, 105]—might start a boom

in engincer unions.

The answer at this time appears
to be “No.” A survey by Electron-
ics magazine indicates that the
Boeing situation is unusual. Union
members among electronics engi-
neers seem to be concentrated on
the East and West Coasts. The
magazine’s  reporters  could  find
few members in the Midwest,
South or New England.

l. Is it a bellwether?

Because of its apparent success,
a lot of people are studving the
SPEEA. Some of its more militant
opponents have called its pact with
Boeing a “swectheart contract,”
because it gives the company the
exclusive right to decide which,
and how many. employces may be
dismissed.

Traditionally, unions have fought
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for a voice in determining the basis
of layoffs. Today, with engineer-
ing layoffs on the rise, the agita-
tion about layoffs is even stronger
in those few areas where union
membership is concentrated.

Boeing uses a “totem” system to
which the SPEEA agreed. Under
it, company supervisors determine
an engineer’s value by rating such
traits as competence, diligence and
potential on a 1-to-5 scale. The
higher an engineer scores, the less
likely he is to be laid off.

Usually, union philosophy is to
insist on seniority in layoffs. The
longer a man works for a company,
the less likely he is to be dismissed
by the company.

Youth hit hardest. Although
seniority was not the chief con-
sideration in the recent layoffs,
they still seem to have hit hardest

at the young, inexperienced engi-
neers who comprise the smallest
segment of SPEEA membership.
That may be one reason for the
association’s growth through ad-
versity, according to James R. Ran-
dall, chairman of the executive
committee. Another reason is the
union’s first aggressive organizing
effort, instituted by John Jolly, who
recently completed a term as presi-
dent.

Some experts believe that engi-
neers will eventually go to some
form of union. In 1963, Prof.
George W. Zinke, director of the
Center for Labor Relations at the
University of Colorado, did a study
entitled “Unions of Professionals:
Prototype for Coming Decades?”

Referring to SPEEA and similar
associations, he wrote: “The pres-
ently organized unions of profes-

Engineering union elections, 1962-1964

Company Union Date  Results
General Electric Corp. Association of Nov. union decertified,
Drexel Hill, Pa. Engineers & 1963 100-77
Engineering (technicians
Assistants voted to retain
union, 60-12)
Westinghouse Electric Corp. Westinghouse Nov. union installed
Newark, N.J. Engineers 1963 for manufacturing
Association engineers (11-10)
Radio Corp. of America Association of Fall, union representation
Burlington, Mass. Scientists and 1963 rejected (288-53)
Professional
Engineering
Personnel!
Westinghouse Electric Corp. Lima Westinghouse  Sept.  union discontinued
Lima, Ohio Salaried Employees 1963 (181-118)
Association
Westinghouse Electric Corp. Westinghouse Sept. union retained
Cheektowaga, N.Y. Engineers 1963 (of 271 eligible to
Association vote, 175 for, 33
against, 11 for
Federation of
Westinghouse
independent
Salaried Unions)
Western Electric Co. Council of Western Aug. union representation
24 major locations Electric Professional 1963 rejected
Employees (4,375-2,582)
General Dynamics Corp. Engineers and July union decertified
Astronautics Division Architects 1963 (2,149-1,388)
San Diego, Calif. Association
General Dynamics Corp. Engineers and June union decertified
Pomona, Calif. Architects 1963 (565-542)
Association
Leeds & Northrup Co. Professional March unions swapped
Philadelphia, Pa. Engineers & 1963 (PESA replaced
Scientists Leeds & Northrup
Association Employees' Union,
80-50)
Sperry Gyroscope Co0. International Union May union representation
Great Neck, N.Y. of Electrical 1962 discontinued

Workers, AFL-CIO
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(1,669-1,069)
(technicians vote
to retain, 345-198)

sional personnel are . . . indeed
prototvpes of unionization in the
coming decades.. They meet the
problem of unionization versus pro-
fessionalism by choosing new
union tactics and strategies com-
patible with professionalism.”

Because the SPEEA has chosen
some new tactics, some people
have called it a company union.
Paul Staples, labor editor of the
Seattle Times, disagrees. He con-
cedes, “It’s had a difficult time be-
coming effective because it has not
had the powcr. But it is gaining
strength and know-how and it is
showing increasing muscle.”

Prof. J. B. Gillingham of the Uni-
versity of Washington, an econo-
mist and labor relations expert,
considers the SPEEA to be “rather
ably led and reasonably aggres-
sive”.

Is it a union? Ever since its in-
ception in 1944 to count