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MIL SPEC
CAPACITOR

CAPACITOR

990 TANTALUM

MIL spec performance...in half the space!

Type 990 miniature solid tan-
talums typify TRW's creative
engineering. They're designed
to fit in half the space. Designed
to give better shock and vibra-
tion resistance. Designed to MIL

specs. They're designed to be
the best hermetically sealed
tantalums you can buy. Values
from 8.2 to 330 mfd, 6 to 35 V.

Get the TRW tantalum story
on space-savers like the 990,

ON READER-SERVICE CARD CIRCLE 242

on standard MIL types and tan-
talum hi rel capability. Contact
TRW Capacitor Division, TRW
INC., Box 1000, Ogallala, Ne-
braska. Phone (308) 284-3611.
TWX: 910-620-0321.
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The only expense HP spared
in making these versatile counters...

... IS yours.

Only Hewlett-Packard offers the versatility-econ-
omy combination represented by the new 5221 A and
5216A Electronic Counters, using integrated cir-
cuits. Wide frequency range, high input impedance
and sensitivity, long-life readout tubes with display
storage, six measuring functions (in 5216A)...all
this at prices as low as one-half that of comparable
electronic counters available today.

The HP 5221A Counter has 0.1 and 1 second gate
times (power line frequency time base), I meg/30pF
input impedance and an input signal sensitivity
of 100 millivolts. It is the lowest cost frequency
counter with a 10 MHz counting rate available.
4-digit readout is standard, 5 or 6 digits optional.

The HP 5216A Counter is an extremely versatile,
7-digit, 12.5 MHz counter for measuring frequency,
time interval, period, multiple period average (in

Visit Hewlett-Packard at WESCON '67
San Francisco Cow Palace, August 22-25

decade steps from 1 to 105), frequency ratio and
totalizing. Gate times: 0.01/0.1/1.0/10 sec. Input
sensitivity: 10 mV. Input impedance: 1 meg/50 pF.
Time base: crystal with <=2 x 10-6/month maxi-
mum aging rate. BCD output for operating data
printers and other system elements. The price, even
though the 5216A’s frequency range is greater, is
30% below counters with similar functions.

Both counters feature HP’s exclusive zero blanking,
which makes reading easier and faster by suppress-
ing any zeros to the left of the most significant
digit. This unique benefit results from specially
designed Hewlett-Packard proprietary integrated
circuits used in both of the new counters.

Call your local HP field engineer for more details,
or write Hewlett-Packard, Palo Alto, California
94304; Europe: 54 Route des Acacias, Geneva.

HEWLETT ﬂ PACKARD
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ELECTRONIC DESIGN 17, August 16, 1967

02705

1



Unit Citation

We're honored! Not that we've won our
crusade yet...just another battle ribbon.
A while back we scored amilitary victory with
our Model 880, the first solid state Mil Spec
counter. This time it's a fully-militarized
5MHz all-silicon solid state universal counter-
timer. Call it AN/USM-245, sir.

There's a good reason you should be in-
terested. You see, the military model had its
basic reliability well proved by our original
commercial version, Model 607A. Now
there'sthe oneforyou! Itoffers more features
and capabilities than even the Admirals
asked for. And it's available on-the-double.

Now hear this: Our lowest-bidder-type
price is only $1,5675. (Check that saving
against our competitor!) Then check these
features: Model 607A is ideal for wide-range
frequency measurements, frequency ratio
determination, period and multiple period
or time interval measurements, and pulse
count totalizing. Time base is a 1 MHz
crystal oscillator (for 1 microsec resolution).
Display is six decade inline with display stor-
age. BCD output transfers directly to CMC
Model 410 tape printer, computer systems,
etc. Automatically positioned illuminated
decimal. Either ac or dc coupling of input
signal. Front and rear A and B channel in-
puts. Rugged, compact (approx. 3%” high).
Available for bench or rack.

THANKS

With all our pride and excitement over
our AN/USM-245 award, and other new
products, we haven't forgotten our fellow
Crusaders who've made this success pos-
sible...YOU. A FREE Crusading Engineers
medal is our fun-loving way of saying thanks.
Get yours by writing for data so you can
“Check the Specs' of our 607A. Your *'chief"
will be so proud of you at mail call!

e

N
o ECK

1€

12973 Bradley/San Fernando, California
Phone (213) 367-2161 / TWX 910-496-1487

Computer Measurements Company is a Leading Designer and Manufacturer of Electronic Instrumentation to Count, Measure, and Control.
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Logic function generator
is simplified with
Radiation’s 5x 5

Monolithic Diode Matrix

ED—

A
B
D

o»

Radiation’s RM-77 Monolithic Di-
ode Matrix allows design engineers
to: Generate logic functions for data
transfer and operational control—
Eliminate unnecessary logic gates—
Reduce delay time—Save space by
reducing package count—Increase
speed of performance—Boost fan-
out capability through duplicate
function generation—Combine ma-
trices to produce many AND/OR
logic functions.

Radiation’s 5 x 5 Matrix, at left,
forms a two-level AND/OR logic
array. The logic diagram above and
circuit below clarify the functions

§+V
+V
Ao—ﬂ—j—-OR i
5 Of—t 3
DO—i¢ 2
b AO—i«¢ L
% D X
q
AO—id—4—b} -07
BO—i¢—4 i
DO—j¢——0S
+V
<
BO—i¢ bt
cOo—ie—+
A DO—¢—+—OW
C T
=A-B:D S=A-B-D
T=A-C w=8-C-D
=A-D Z=X+S+T+W

VISIT US AT WESCON
BOOTH 5130-5131.

generated. The logic equations are
listed below. This is only one of
many applications in which Radia-
tion’s Diode Matrices offer the most
reliable and the most economical
approach to diode logic.

Radiation’s populardielectrically
isolated matrices provide an un-
usual degree of flexibility. (1) RM-77
Matrices contain 25 active devices
per chip. (2) A fusible link in series
with each diode permits unlimited
matrix patterns to be formed. And
(3), circuits can be combined to pro-
duce an almost infinite variety of
configurations.

Inaddition toflexibility,Radiation
5x5 Matrices offer the increased
reliability of monolithic construc-
tion. Size and weight requirements
are slashed through reduced pack-
age count. Further, cost of matching,
testing and assembly of discrete
diodes is eliminated.

Production has been expanded
to guarantee fast shipment of mat-
rices ‘““customized” to your exact
requirements. In fact, most orders
are shipped on a 24-hour basis.

COLUMN CONNECTION PIN NO.
7 14 8 13

YA
VAN
ENAN
BEL VL NLN
O L LY

5 X 5 MATRIX BEFORE “'CUSTOMIZING"

FUSIBLE
LINKS

i

e

FE R
P

ROW CONNECTION PIN NO.
3

A new low-cost RM-177 design
in ceramic dual in-line package is
available in volume at a unit price
of $2.50—and can be supplied to
any code configuration requested.

Write or phone for data sheets on
the entire line of Radiation Mono-
lithic Diode Matrices. Worst-case
limits are included, as well as all in-

_ formation required by design engi-

neers. We'll also be glad to supply
our new manual, Monolithic Diode
Matrix Technical Information and
Applications. For your copy, write
on your company letterhead to our
Melbourne, Florida office.

Radiation 5 x 5 Monolithic Diode Matrices* (typical limits)

Characteristic Symbol RM-74  RM.75 R"fn"_"l';; . Unit T(gft ;:sz.gog)s
ki, o = BT TARer v A
Ere:aekr;eown BV: 60 60 50 v lp = 100 A
?L?rvr?:te le 7/ 25 70 nA V, =25V
SRS
E;gjif’tg'n"; 5 1.9 1.9 2.0 P V,=5V;f=1MHz
S::frf)i'ti:?egnt lec 20 20 20 uA See data sheet

*Supplied in TO-84 packages. fSupplied in ceramic dual in-line package.
All Radiation integrated circuits are dielectrically isolated.

ry

M

RADIATION

INCORPORATED

MICROELECTRONICS DIVISION

Sales offices: Suite 622, 650 North Sepulveda Blvd., El Segundo, Calif. (213) 772-6371—'P.0. Box 738, Islington, Mass. (617) 762-3470
Suite 232, 600 Old Country Road, Garden City, N. Y. (516) 747-3730—Suite 704, 2600 Virginia Ave., N.W., Washington, D.C. (202) 337-4914

P.0. Box 37, Melbourne, Fla. (305) 723-1511, ext. 554
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10 VARIETIES
AVAILABLE
IN THE NEW
T™W
LINE.

DPDT
ined ON, M tary ON

e Maint. ON, Maint. ON
e Mom. ON, OFF, Mom. ON
e Maint. ON, OFF, Maint. ON
e Maint. ON, OFF, Mom. ON

ACTUAL
SIZE

Here's the new little toggle that's big in the features

B.lgge5t value .yet you need. Space-saving size—only %" behind the
IN SPpaAce-SaVING panel. Good operating feel—positive detents, opti-

: mum forces, positive return spring on momentary
toggle SWItChes versions. Full versatility, too—ten versions offering
SPDT or DPDT, 2 or 3 positions, maintained or
momentary contact, 30 vdc or 115 vac, 5 amps
resistive, 2 amps inductive.
Call a Branch Office or Distributor (Yellow Pages,
“Switches, Electric”’). Ask about TW switches. Or,

write for Catalog 51.

MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL

HONEYWELL INTERNATIONAL~Sales and service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan.

ON READER-SERVICE CARD CIRCLE 5
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pelusions of orandeur?

If the little 5-126 Recording Oscillograph were capable of
emotion, we suspect that it would become quite insufferable.

And for these immodest reasons:

CEC’s 5-126 is the first and only instrument that offers the
basic capabilities of a light beam oscillograph at a cost-per-
channel approaching that of a thermal writing recorder.

With CEC’s new 7-380 Galvanometer, this portable unit will
accurately record from dc to 1 KHz. (Strip chart recorders
cry “uncle” around 150 Hz.)

Other advantages of the 5-126:

Tungsten light source for optimum trace quality and lamp
life, minimum cost and maintenance, instant operation and
complete safety.

[@® Nine distinct data traces on 7-inch-wide paper.

Direct print-out records upon exposure to ambient light
eliminates the need for chemical processing.

@ Simplicity of operation. Due to CEC’s automatic front-
loading system, no spooling or threading is required.

@ Single source responsibility. Only CEC offers a complete
range of data instrumentation products from transducers
and signal conditioning equipment to recording papers and
chemicals.

Who needs it?

Everyone who needs a low-cost, high-performance recording
oscillograph. The list runs the gamut from automotive, rail-
road and mechanical component testers to medical science
and aerospace. Chances are you’re included.

To make sure, merely call your nearest CEC Field Office.
Or write Consolidated Electrodynamics, Pasadena. California
91109. A subsidiary of Bell & Howell. Bulletin 5126-X11.

CEC
DATAGRAPH PRODUCTS

¥ BeLLs HOwELL

ON READER-SERVICE CARD CIRCLE 6
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5245M COUNTER WITH NEW 5256A 8 TO 18 GHz FREQUENCY CONVERTER PLUG-IN

8 ELECTRONIC DESIGN 17, August 16, 1967



* <5x107"/day aging rate (long-term stability)

45-minute warm-up
5x107"/sec short-term stability (rms)
<=5x107"/°C change with temperature

<=5x107"change with =10% line voltage change
<2x107"change for load changes on 5 MHz output

Time base output so stable and spectrally

pure you can use it as a standard.

The unique specifications on this new Hewlett-Packard plug-in counter belong
at the top of the page. They’re not mere footnotes, because they combine to
offer counter time-base performance never before available.

The new HP 5245M Counter has all the features of the time-proven 50 MHz
HP 5245L Plug-in Counter and, in addition, has a time-base with unprece-
dented accuracy and usefulness as a secondary frequency standard.

The new time-base increases measurement accuracy, particulary when mak-
ing high-resolution frequency measurements with HP frequency converter
plug-ins. There's less frequent need for calibration. The counter's 5 MHz out-
put is present whenever the power cord is plugged in and serves as a sec-
ondary frequency standard with excellent stability and spectral purity. For
example, spectra less than 1 Hz wide (half-power points) are obtainable when
multiplied to X-Band (12.4 GHz). The fast warm-up saves time, too. .. the
time-base typically comes to within 1 x 10-2 of its previous frequency within
45 minutes after a 24-hour absence of primary power under lab conditions.
The long-term aging rate of 5 x 10~'°/day (max.) is achieved in a fraction of
the time normally associated with such performance.

Other features include: the widest variety of high-performance front-panel
plug-ins, 8-digit readout, BCD output for recorders, display storage, 1 meg/ 25
pf input impedance on all ranges. y

The new 50 MHz counter is an all-purpose instrument. Use it for measuring
frequency, period, multiple period average, ratio, multiples of ratio and for
scaling by decades. And increase its versatility with the plug-ins, including
the three new ones described below.

HP development of the small ultra-stable time-base for the 5245 Counter is
evidence of the continuing engineering commitment that keeps the HP 5245
and 5246 Counter Series the most advanced and versatile in the industry. A
steady stream of new high-performance plug-in accessories are compatible
with the 52451, 5245M and 5246L Counters.

NEW 8 TO 18 GHz FREQUENCY CONVERTER With the 5256A plugged into
your HP counter you can measure from 8 to 18 GHz. Resolution is up to 1 Hz
with only 4 seconds of counter operation, or 10 Hz resolution in 0.4 seconds,
etc. Use is rapid and virtually fool-proof. Scheduled availability, October, 1967.
DC TO 12.4 GHz WITH ONLY TWO PLUG-INS Using only two plug-in fre-
quency converters, the HP 5255A and 5254B, your counter measures
frequencies DC to 12.4 GHz with 1 Hz resolution. The 5254B covers 200
MHz to 3 GHz, and the 5255A covers 1 to 200 MHz and 3 to 12.4 GHz—
without spurious responses.

NEW PRESCALER FOR 1 mV SENSITIVITY The 5258A Prescaler gives you
the most sensitive 1 to 200 MHz counting instrument available. It increases
counter sensitivity to 1 mV and extends the direct readout range to 200 MHz.
No tuning or arithmetic calculations. Combine it with the new 5254B Con-
verter and your counter covers DC to 3 GHz.

For complete information on the advanced counter and plug-ins, call your
local HP field engineer or write Hewlett-Packard, Palo Alto, California 94304;
Europe: 54 Route des Acacias, Geneva.

|

HEWLETT hp; PACKARD

Il

2562 ELECTRONIC ‘COUNTERS

5256A 8-18 GHz CONVERTER

5258A SENSITIVE PRESCALER

5245M and accessories (also compatible
with HP 5245L and 5246L Counters)

HP 5245M Counter without plug-ins, $3200.

HP 5255A 3 to 12.4 GHz Converter Plug-in, $1650.

HP 5254B 0.2 to 3 GHz Converter Plug-in, $825.

HP 5253B 50 to 500 MHz Converter Plug-in, $500.

HP 5251A 20 to 100 MHz Converter Plug-in, $300.

HP 5252A DC to 350 MHz Prescaler Plug-in, $685.

HP 5258A 1 to 200 MHz Prescaler Plug-in, $825

HP 5261A Video Amplifier Plug-in, $325.

HP 5262A Time Interval Plug-in, $250.

HP 5264A Preset Unit Plug-in, $650.

HP 5265A DVM Plug-in, $575.

HP 5260A 0.3-12.4 GHz Automatic Frequency
Divider, $3450.

HP 2590B 0.5-15 GHz Transfer Oscillator, $2150.

PS: There's also a new, faster digital printer,
the Model 5050A (20 lines/sec up to 18
columns), $1750 + $35/column.

ON READER-SERVICE CARD CIRCLE 7
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Now from Sprague!

ECONOLINE s TRANSISTORS
can save you 30 to 40%

over metal-encased types

el N
56 POPULAR N-P-N TYPES IN VOLUME PRODUC
FOR OFF-THE-SHELF DELIVERY

Sprague Econoline transistors . . . quality planar
devices in plastic packages. You save the cost of
metal cans. And with dual source back-up, too.
For further information and prices call your local
Sprague office today.

—

TION

® Small-signal amplifiers

® Medium-speed switches
® Large-signal amplifiers

® High-frequency amplifiers

® Oscillators

For comprehensive
specifications write for
catalog CN200 A to:

Technical Literature Service
Sprague Electric Company
347 Marshall Street

North Adams, Mass. 01247

® High-voltage indicator
drivers

*trademark

SPRAGUE COMPONENTS

TRANSISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS s p n n G u E
INTEGRATED CIRCUITS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES

THIN-FILM MICROCIRCUITS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES
CAPACITORS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RELIABILITY

RESISTORS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS
4SS5-7104R1 ‘Sprague’ and ' (@’ are regi s of the S Electric Co.

ON READER-SERVICE CARD CIRCLE 8
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Electromagnetic interference problems need Thin magnetic films on wire substrates bid to
a systems approach for a solution. Page 17 preempt certain computer memories. Page 23

Airborne laboratory aboard a modified KC- the variations in visible and infrared radiation
135 is to begin worldwide flights to study and water vapor in the atmosphere. Page 36

Also in this section:

New uses for medical ultrasonics and ultrasonic holography described. Page 42
Quartz disk mixes and rectifies microwaves better than semiconductor diodes. Page 58

News Scope, Page 13. . .Washington Report, Page 29. .  Editorial, Page 79
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Now from Sprague Electric!

2 4" LOGIC
CIRCUITS
IN PLASTIC DIP

Choose from 8 families of DTL and TTL
in low-cost plastic dual in-line packages

® SERIES 1000A TTL @ SERIES 80
super speed—world’s fastest |

# SERIES 54OOA/74OOA TTL
or-pin mterchup{mble with other

® SERIES 400A T

pm -for-pin mterchungeable with other source

® SERIES 10 ® SERIES 800A TTL*

hlglgnblse mar -' high speed, 10 nsec/gate

® SERlES 1 OOA " " You may order all Spragve dual in-line
COUNTER/STORAGE ELEMENTS circuits shipped to you in ‘plastic maga-
4-bit subsystems, compatible with DTL ‘and TTL zine carriers for automatic insertion.

*Circvits have pin-for-pin and spec-for-spec dual source availability through the Sprague/Signetics technology interchange.
&

For complete technical 'data on the circuits in which you are
interested, write to Technical Literature Service, Sprague Elec-
tric Company, 347 Marshall Street, North Adams, Mass. 01247

SPRAGUE COMPONENTS

I n ;
THIN-FILM MICROCIRCUITS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES s n G u E

INTEGRATED CIRCUITS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS

TRANSISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES

CAPACITORS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE: MARK OF RELIABILITY
RESISTORS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS s

4s8-7135 Sprague’ and ' ()" are regi trad ks of the Electric Co.

ON READER-SERVICE CARD CIRCLE 9
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U. S. moves to stem
missile malfunctions

Revelations by the national press
and trade publications in recent
weeks of excessive Minuteman II
guidance and control malfunctions
appear substantiated in part, de-
spite repeated denials by the Dept.
of Defense. What still is not clear is
how much the U.S. strategic retalia-
tory force structure is weakened
whenever the ICBMs are removed
from alert status for subsystem re-
placement.

Since the July 28 statement by
Air Force Secretary Dr. Harold
Brown in which he praised per-
formance of the entire Minuteman
operational force, a news embargo
has been in force. The guidance sys-
tem associate prime contractor, Au-
tonetics Div. of North American
Aviation, Inc., reportedly has been
under a tight news clamp for over a

year.
Repeated queries to the Pentagon,
the Air Force Systems Command,

S B Lt B
Minuteman Il guidance section is in-

stalled atop third stage in silo at
Vandenberg AFB.

ELECTRONIC DESIGN 17, August 16, 1967

and Autonetics for further clarifica-
tion have revealed:

® That the deficiencies have been
centered in microelectronic subsys-
tems of the guidance system and
usually in the D37 digital computer.

® That some of these are microe-
lectronic circuit-board problems,
most frequently involving electrical
contacts between board layers.

®m That others involve unsatisfac-
tory resistors and capacitors.

m That failures have been ran-
dom.

® And that Autonetics is solving
its assembly problems through a
general tightening of its in- and
out-of-house quality assurance re-
quirements.

One DOD spokesman, however,
said that in his opinion a recent
newspaper report that “defence of-
ficials fear Minuteman malfunctions
undermine readiness” may have
stemmed from a military official bent
on attacking Defense Secretary Mc-
Namara’s policy of reliance on
ICBMs as the principal defense
force. Some statements in the news-
paper report bear striking resem-
blence to an Awviation Week article
of a year ago (Aug. 22, 1966, p. 19).

At the present time, all 800 Min-
uteman Is are emplaced in hard-
ened silos. An additional 200 Min-
uteman IIs, providing longer range
and faster response time, are on
station. Minuteman III is now in de-
velopment. It will provide a multiple-
warhead capability and a maneu-
verable reentry vehicle plus ad-
vanced penetration aids. A two-year
retrofit program is underway to
bring the Minuteman Is up to the
IT version capability.

Ninety-nine per cent of all on-
board electronics, excluding the re-
entry vehicle, are represented by
the Autonetics guidance and control
system. The move from Minuteman

I to II required a complete redesign
of this system and the broad use of
integrated-circuit multilayer boards.
As a result, the computer was re-
duced from 1.6 ft® and 61.5 1b to
0.43 ft* and 38.3 lb.

Conversely, the demands on the
computer were greatly extended.
The D37 memory, for example, car-
ries a complete ground and airborne
operational program, including all
target data necessary for missile
guidance to one of a number of tar-
gets. The particular target is se-
lected remotely just prior to launch.

Systems checkout is performed
continually in the silo, but no main-
tenance is attempted within the
launch facility. Thus, at any given
time some missiles must be down
for maintenance and repair.

The Air Force states that its to-
tal number of weapons allows for a
certain percentage (number clas-
sified) to be out of alert status. Dr.
Brown asserts that the less mature
Minuteman II guidance does have a
higher than planned rate of repair
but that component replacement is
decreasing. Of the 39 live firings to
date, he stated, 37 were successful.

He did not indicate, however, if
these figures discount missiles that
were shutdown prior to liftoff.

Israel invades U.S.;
its goal-business

A major effort on the part of the
Israeli government to break into
the electronics market in the U.S. is
now under way. Israel’s aim is to
improve its balance of payments
with the U.S. Last year Israel im-
ported $220 million dollars worth of
trade goods from the U.S.; it ex-
ported only $80 million.

A joint venture between Aerody-
namics Industries, Inc., Farming-
dale, N. Y. and the government of
Israel is designed to introduce the
advanced technological, scientific
and engineering skills of Israeli in-
dustries into the U.S. market. Aero-
dynamics Industries will market
and service all Israeli equipment
sold in the U.S.

There are 35 major electronics
plants in Israel, manufacturing such
products as transistors, meters, test
equipment, communication equip-
ment, radar, medical electronics sup-
plies and uhf transceivers. One
product to be marketed in the U.S.

13
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that demonstrates Israeli electronic
capabilities is a $5000 table-top
microelectronic digital computer
that measures 18.8 by 17.6 by 12 in.
In 1966, some 1800 scientists
graduated from Israeli universities
—a very high percentage for a pop-
ulation of only 2.5 million. The
number of professionals in the
work force has been increasing by
10% a year for the last five year.
According to the Israeli Com-
merce Dept., Israel has the com-
bined abilities of 15,000 engineers
to field for this electronies invasion.

Navy satellites to be used
by commercial shipping

Commercial ships and research
vessels have been permitted to use
the Navy’s previously -classified
Navigation Satellite System.

Announcing the Government’s
decision, approved late last month
by President Johnson, Vice Presi-
dent Hubert Humphrey said the
Navy would shortly make available
the information necessary for com-
mercial contractors to build the re-
ceivers that would be required by
nonmilitary shipping.

Humphrey said the Dept. of

Transportation had been asked to
draw up a plan for a more perma-

I

EEBRESTEE

_l-ﬂavy satellites to aid commercial
shipping navigation.

1

'S

nent navigation system for use by
commercial shipping. The Navy has
made no commitment to maintain
the present system indefinitely for
nonmilitary use.

The three Navy satellites, which
have been in use since 1964, are a
key to guiding the U.S. Polaris-mis-
sile submarine fleet. They enable
navigators to plot ships’ positions
to within 200 yards anywhere on
the globe; the exact degree of accu-
racy has not been revealed.

The all-weather system was de-
veloped by the Applied Physics Lab-
oratory of Johns Hopkins Universi-
ty, Baltimore, under the direction
of Dr. Richard B. Kershner, head of
the laboratory’s space development
division.

Ships of the Lamont Geological
Observatory of Columbia Universi-
ty, New York, and the Woods Hole
Oceanographic Institution, Mass.,
have used the system for recent ma-
rine surveys. QOffshore oil-drilling
companies and other concerns that
require extremely accurate naviga-
tional and positioning information
have expressed interest in access to
the system.

The U.N. Committee on the
Peaceful Uses of Outer Space is in-
vestigating the need for a naviga-
tion satellite system. Several other
nations are also considering devel-
oping their capabilities in the field.

Testing time extended
for tropospheric system

Selection of a winning contractor
for the Air Force's new short-range,
lightweight, tropospheric-scatter
communications set may be delayed.

Competitive field testing at Eglin
AFB, Fla., of the two systems un-
der consideration—the AN/TRC-
104, developed by Bell Aerosystems
Co. in Buffalo, N.Y., and the AN/
TRC-105, built by Motorola Inec.’s
Government Electronics Div. in
Chicago—was due to be completed
in mid-August.

However, both contractors report-
ed to have experienced equipment
malfunctions (primarily burned out
transformers) and testing has been
extended to about Sept. 8.

The USAF project manager,
Frank Zawislan, has now requested
cost proposals from both contractors
for 30-, 60- and 90-day follow-on
tests.

The need for an under 500-1b tac-
tical terminal for limited-warfare
use has been demonstrated by the
Vietnam conflict. The R&D effort
grew out of the 407L program for
air-transportable, fast-reaction com-
munications to support tactical for-
ward aircraft controllers, according
to Air Force officials. Thus the ter-
minals must be capable of being
man-packed, use a single small an-
tenna, and require minimum setup
time (under 1 hour) and mainte-
nance. To make the design task
tougher, the set must use relatively
low-power but ensure reliable op-
eration through a fading medium.

Although each contractor selected
a different design approach to
achieve the desired 99.8% reliabili-
ty under field conditions, both ex-
ceeded all Air Force design goals.
These included a 500-lb maximum
terminal weight, 80-mile minimum
range, 5-kilo-watt maximum dissi-
pated power, and a minimum of four
channels (voice and digital data).
Both systems came in under the
weight limit and each contractor
claims better than 120-mile op-
erating range, 2-kW power need,
and 12 channels for communications.

Bell employs an unusual coded-
diversity transmission technique—
a complex error-correction code
with a multiplexed, eighth-order
frequency-diversity fm signal. Mo-
torola employs a sixteenth-order
frequency-scan diversity technique.
It continually checks the signal-to-
noise level of all frequencies and se-
lects the best frequency for use at
any given time.

Low-cost electronic unit
vies in business field

The accounting machine field, a
$500 million plum for equipment
manufacturers, is being invaded
even at the low-price end by elec-
tronic devices.

Burroughs Corp., Detroit, recent-
ly unveiled its E3500 Electronic
Processor, which dispenses with
mechanical components except for
input-output functions. According
to a Burroughs spokesman, there is
nothing else in the $12,000-to-$17,-
000 range that compares to the
E3500.

Computation is performed in mil-
liseconds—well within the print cy-
cle time. The operator can manually
select preprogramed subroutines.
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What's gnu?
Mystik NOMEX' KAPTON" and TEDLAR' that’s what!

Mystik scores again by being the first to utilize three new materials

...Nomex, Kapton and Tedlar...and add them to their already ex-

tensive line of pressure-sensitive tapes.

NOMEX —a highly conformable tape that offers excellent holding
power and dielectric strength characteristics.

KAPTON —the featherweight of wire insulations...excellent high

For more news . ..
seée us at the temperature applications which require low weight struc-
tures.

1 9 6 7 WESCO N TEDLAR—ideal for electrical applications because of high dielectric

strength combined with excellent weather and hydro-

Booth #1 71 9-1 720 lytic resistance.

If you would like more information on these or any other Mystik
Cow Palac special-purpose tapes, contact your local Mystik distributor. He is
€ listed in the yellow pages under ‘““Tapes—Adhesive”. Or, write Mystik

Tape Division, The Borden Chemical :
Company, 1700 Winnetka Avenue, ) BORDEN
Northfield, I1linois60093. g CHEMlCAL

@ DuPont registered trademark. ©rac
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When information buried in noise
is periodic, transient, or random, there is
a PAR"instrument to recover it

PAR manufactures a complete line of signal processing equipment to measure signals of various
types buried in noise. The choice of the most appropriate instrument depends upon the char-
acteristics of the signals. The equipment falls into three general classes:

Lock-In Amplifiers have application where the signal of interest is or
can be made to appear at a single frequency and where a reference
voltage related in frequency and phase to the signal can be obtained.
These instruments employ phase-sensitive detection and narrow-band
filtering techniques to provide a DC output signal proportional to the
amplitude of the fundamental component of the signal being measured.
The Lock-In Amplifier can be described as a tuned voltmeter, the re-
sponse of which is “locked” to that particular frequency and phase at
which the signal information has been made to appear. They operate
typically in the frequency range of 1.5 Hz to 150 kHz with full scale
sensitivities down to 10-9 volts.

-
LOCK-IN
AMPLIFIERS
[
i
—

Waveform Averagers are useful when, after processing, the actual wave-
form of the signal of interest must be maintained and the signals are
repetitive waveforms or transients whose onset can be related to a trigger
pulse. The application of a synchronized, repetitive waveform will result
in an output that corresponds to the average value at each of the
segments of the waveform being studied, whereas any non-repetitive
(or un-synchronized) signals such as noise will be suppressed since their
average after many occurrences will approach zero. PAR makes two
instruments that perform this function; the Boxcar Integrator and the
Waveform Eductor.T-M. The Boxcar Integrator is a single point averager
in which a single slice, as narrow as 1 microsecond, of the input wave-
form is averaged while the position of the slice is slowly scanned through
the waveform. The Waveform Eductor simultaneously averages one
hundred points of the waveform which can be distributed over periods
varying from 100 microseconds to 10 seconds.

WAVEFORM
AVERAGERS

Bl correLaTiON
FUNCTION

llll'llll COMPUTERS

Correlation Function Computers are the most general form of signal
processing equipment that can be constructed (Lock-In Amplifiers and
Waveform Averagers are actually special cases of correlation equip-
ment). Whereas a reference or synchronization signal is required in
the other equipment discussed, autocorrelation analysis allows periodic
and random signals to be defined without this restriction. An even more
powerful technique is crosscorrelation which has the ability to describe
the degree of conformity between two different signals as a function of
their mutual delay. The PAR Signal Correlator simultaneously computes
in real time 100 points of either the auto- or crosscorrelation function
over total delay spans of 100 microseconds to 10 seconds.

16

A variety of instruments and associated peripheral equipment is available from PAR in each
general class. Instrument prices range from $765 to $9500. Since PAR has wide experience in
applying these systems to many situations in all fields of science and engineering (e.g.: aero- and
hydrodynamics, spectroscopy, medical physics, geophysics, etc.), we welcome the opportunity to
discuss your specific application. For additional information, or to arrange for a demonstration
at your facility, contact Princeton Applied Research Corporation, Dept. E , P.0. Box 565, Prince-

ton, New Jersey 08540. Telephone: (609) 924-6835.

PRINCETON APPLIED RESEARCH CORP.

ON READER-SERVICE CARD CIRCLE 11
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NEWS

Systems solution to EMI problem

DOD seeks to beat increasing interference by
having compatibility designed into equipment

Neil Sclater
East Coast Editor

The systems approach is the best
way to solve increasingly complex
problems of electromagnetic inter-
ference (EMI). To this end, educa-
tion, measurement and conservation
are areas where immediate and ex-
tensive efforts are needed.

This was the consensus of speak-
ers at a recent symposium spon-
sored in Washington, D. C., by the
IEEE Group on Electromagnetic
Compatibility. They emphasized
that electromagnetic compatibility
must in future be designed into
equipment and systems, because at-
tempts at correcting problems in
the field have been largely unsuc-
cessful.

During the symposium the Dept.
of Defense gave a briefing on its
projected program to combat elec-
tromagnetic interference. DOD and
military spokesmen illustrated their
plight with numerous examples of
the military’s failure to organize
frequency allocation and squelch in-
terference.

It was also brought out that not
only was there a lack of knowledge

. i 2EN :
Sensitivity and dyamic range of an
amplifier are being measured by At-
lantic Research engineers to deter-
mine its compatibility.
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of the cause and effect of interfer-
ence in many operational situations,
but also there were numerous in-
stances where even basic preventive
specifications were not followed.
Contract officers waived manufac-
turers’ obligations to meet EMI re-
quirements for cost or schedule rea-
sons, only to find that solving prob-
lems in the field was much more
complex and costly.

Among the bad cases cited were:

®m A space capsule was lost be-
cause an explosive door bolt was
fired prematurely by interfering ra-
dio signals.

® A taxi dispatcher’s voice inad-
vertently launched a missile at a
cost of millions of dollars and at se-
rious risk to life.

m A piece of electronic equipment
for checking out aircraft weapons
systems passed all its factory tests
but was found to be useless on an
aircraft carrier. Several man-years
of engineering time were required
to redesign it so that it would work
in its intended environment.

®m An aircraft system developed
with off-the-shelf electronic equip-
ment to save time failed woefully
during trials because of radio inter-

sought

ference. A multimillion dollar con-
tract was necessary after the air-
craft was produced to overcome the
difficulty.

Dept. of Defense and military
spokesmen gave more specific de-
tails of equipment and frequencies
involved in a separate, classified
session held at the end of the con-
ference. The news media were
barred from this session because
the data would “inform the enemy
about weakness in our equipment.”

An Army staff officer stressed the
seriousness of the problem when he
said that communications in Viet
Nam were being carried on in a
“electromagnetically dirty” envi-
ronment. Maj. Gen. Dayton W.
Eddy, Director J-6 (Communica-
tions-Electronics), Joint Chiefs of
Staff, added that solutions to com-
patibility problems in Southeast
Asia should also be applicable to
electronic equipment operating in
more sophisticated geographical lo-
cations like the continental United
States or Europe.

The Pentagon’s program* tack-
les the military’s EMI problems on
a systems basis. It calls for the as-
signment of specific electromagnet-

*See “DOD to put teeth into RFI pro-
gram,” ED 16, Aug. 2, 1967, p. 13.

Cacophony of radio frequencies is present on the deck of the aircraft carrier
“USS America’’ as engineers measure the radio frequency ‘‘noise floor.”” These
data are necessary as steps to eliminating unwanted rf interference.

19




NEWS
(EMI, continued)

ic-compatibility responsibilities to
the Joint Chiefs of Staff and re-
search elements of the Defense
Dept. and the Air Force, Army and
Navy.

Nearly 50 papers documented
progress in interference prediction,
analysis, measurement and control.
All subscribed to the systems ap-
proach. Their topics included com-
patibility problems aboard an Apol-
lo spacecraft-tracking ship; inter-
nal interference within integrated
circuits; automated techniques for
frequency control; and topographi-
cal studies for siting electronic
equipment.

Apollo ship problems are typical

The electromagnetic-compatibil-
ity problems aboard an Apollo
spacecraft-tracking ship were de-
seribed by two engineers from Gen-
eral Dynamic’s Convair Div., San
Diego, Calif. Roger Henkel and
Duane Mealey reported that many
of the difficulties in operating ship-
board electronics could be traced to
standard deck hardware.

They said that bonding and
grounding were very important in
establishing shipboard electronic
compatibility. But even when
solved, they warned, problems can
recur, especially as the ship and
equipment age.

The three Apollo tracking ships
are converted World War II tank-
ers, 595 feet long with 75-foot
beams. Each carries more than 455
tons of electronic equipment dis-
tributed among 11 major systems.
The onboard electronics include an
inertial navigator, digital comput-
ers, C- and S-band tracking, rang-
ing and communications systems
and telemetry installations. Hf, vhf,
and uhf radio equipment permits
ship-to-ship, ship-to-spacecraft and
ship-to-shore communication.

The Convair engineers reported
that serious problems occurred at
the dockside when the high-fre-
quency transmitters were fed from
main-deck helical antennas. The
high output power turned water-
tight doors into shock hazards and
melted nylon rope hanging on safe-
ty cables. Once at sea, problems be-
came even worse. When the hf
transmitters were operating, ship-

18

Forest of antennas on Apollo tracking and communications ship “‘Redstone”’

create electromagnetic ‘‘togetherness’’ problems. Interference can recur as
ship and equipment age. Surveillance and continuous maintenance are neces-
sary to keep all communication equipment at peak efficiency.

Communications electronics suffers
from being too close to its neighbors.

board receivers were inoperable.

High noise in the telemetry re-
ceivers was traced to slack safety
chains, which prevent seamen from
being washed overboard.

Where the chains were illuminat-
ed with rf, each link became an in-
terference generator. Broad-band
interference was detected in the
200-to-400-MHz region and har-
monics as high as S band were de-
tected. Replacing the chains with
plastic line solved this problem.
Correlation of variations in inter-
ference amplitudes with the ships

= |

Instruments for cﬁecking corﬁpatibil-
ity are lined up in Atlantic Research
test van.

motion and the interference origin
permitted the engineers to pinpoint
the chains as offenders.

Another interference source was
an antenna mount gear assembly
that acted as an intermittent
switch as the ship rolled. Rf leakage
into the i-f of a C-band tracking ra-
dar caused it to malfunction. Soot
deposits from the ship’s stack was
the probable offender in several
cases of arcing on a logarithmic pe-
riodic antenna.

Electronic data processing is
being used to predict the effects of

ELECTRONIC DESIGN 17, August 16, 1967



This is the

only programable
curve fracer

thereis

BASE STEP GENERATOF
MULTIPLIER -1

¢

PLULSED

FAIRCHILD INSTRUMENTATION /A Division of Fairchild Camera and Instrum

The Fairchild 6200B/P is the only
programable transistor curve tracer

on the market. It has wide range
sweeps from 20V at 5 Amps to 1000V

at 100mA, and an extended base

drive that goes down to 100nA for high-
gain devices and up to 35V for FET's.

It is all solid state, and costs $2,350.00.
When used with the optional
programing unit ($600 extra),

the 6200B/P can subject each device
to five separate tests, automatically,

at speeds adjustable from 70 to
800msec. per test. High speed

handling fixtures are available to
facilitate high volume testing in such
applications as device classification,
quality
assurance
and receiving
inspection.
For complete
information
circle Reader
Service
Number 72.

ECTOR SWEEP
VOLTAGE

R T S L
FAIRCHILD
T e N RS B
INSTRUMENTATION

ent Corporation ® 475 Ellis Street, Mountain View, California 94040 (415) 962-2011 = TWX: 910-379-6944



NEWS
(EMI, continued)

topography on electronic communi-
cations equipment compatibility.
John Scott of the ITT Research In-
stitute discussed the preparation
and use of topographical maps for
this purpose.

Intervening topography plays a
major role in signal attenuation,
according to Scott. Hitherto inter-
ference prediction has usually been
made with free-space calculations
that treat the world as a smooth
sphere. Path loss values, if used, are
based on data measured over rough
terrain. He said that calculation
was done in this manner because
there had been no economical meth-

od of introducing topography into
interference prediction calculations.

In a program sponsored by the
Dept. of Defense Electromagnetic
Compatibility Analysis Center, An-
napolis, Md., numerical mapping
techniques applicable to the solution
of compatibility problems are now
in use. Using data processing proce-
dures, digitized topographic maps
have been produced. Scott said that
data covering approximately 25 per
cent of the United States are now
available.

Basic data for the maps are ap-
plied to two separate computer sys-
tems. The first, called the Site Anal-
ysis Model, provides clear acetate
overlays which yield line-of-sight
coverage information for siting

equipment when placed over scaled
maps. The second, called the Power
Density Model, delivers overlays
that represent power density con-
tours for selected equipment sites.

The Electromagnetic Compatibil-
ity Aanalysis Center also maintains
data on the location, frequency and
power of all major communications
equipment in the continental United
States. This information can be su-
perimposed on regional maps to
give complete information for sit-
ing new equipment or changing the
output signatures of present equip-
ment.

All information is available to
civil and military personnel con-
cerned with finding the best loca-
tion for communications equipment.

Programs in electromagnetic
compatibility (EMC) seek to
eliminate interference caused by
the close proximity of circuits to
one another. Their aim is to have
all electrical and electronic cir-
cuits live in harmony with them-
selves and their neighbors.

EMC seeks more than just the
elimination of radio-frequency
interference as a source or symp-
tom of circuit malfunction and
degradation. It seeks harmony in
the total operating environment.
It considers such topics as proper
equipment siting, conservation
of the electromagnetic spectrum
and elimination of radiation haz-
ards.

All authorities at the recent
EMC symposium agreed that the
total problem is becoming more
difficult. Proliferation of operat-
ing systems—especially commu-
nications—and the general in-
crease in background electromag-
netic “contamination’ were given
as reasons.

EMC concerns everyone who
uses electronic equipment, but
the need to solve the problem is
perhaps more critical in the mili-
tary than in civil environments
at present. The success of mili-
tary operations, saving of lives
and even national security de-
pend on interference control.

Military ships and aircraft
have dense circuitry radiating
and receiving at many different
frequencies. Ground-based equip-
ment poses even more complex
problems. Siting and distribu-
tion of equipment is random, de-

EMC-Electronics living in harmony

pending on tactical and strategic
situations. The mobility of
equipment and ever changing
combat conditions call for fre-
quency management.

Military officers report that it
is often necessary to shut down
some system in order to make
use of others.

All EMC begins at the bench,
or perhaps more accurately at
the drawing board. Standards,
specifications and directives pur-
port to give guidance on design,
construction, operation and main-
tenance. Prevention is evaluated
by measurement and test.

But there are several nagging
questions: Are the guidelines
really effective and are they
being enforced? Are all partici-
pants—designers, assemblers,
operators and maintenance men
—educated to the problem?

There is no shortage of docu-
ments, either civil or military,
giving guidance on electromag-
netic interference. Numerous
civil and military specifications
give the limits for allowable in-
terference, methods for its meas-
urement, and even definitions for
terms or units.

Most  specifications include
tests for “interference” or ‘“sus-
ceptibility.” Interference tests
are concerned with electromag-
netic radiation from units under
test, while susceptibility tests
cover the vulnerability of the
units being tested to external
radiation.

Tests for offending conducted
interference are made with vari-

ous receiving sets and analyzers.
They concentrate on coupling
through power lines, intercon-
necting leads between external
housings, and antenna terminals.
Instrument tests are also made
for inadvertent radiation.

Susceptibility tests, on the
other hand, are made with the
test unit acting as its own re-
sponse monitor. A degradation
or malfunction shows up when
the unit is exposed to a range of
electromagnetic radiations. Con-
ducted-susceptibility tests are
essentially the reverse of con-
ducted-interference tests.

So serious is the problem from
the military point of view that
the Dept. of Defense has split it
into eight different areas of at-
tack and charged various serv-
ices and research groups with
area responsibility.

The road will not be easy. In-
cluded in the tasks are such ob-
jectives as reviewing and im-
proving specifications, guide-
lines, test instruments and tech-
niques. The need for educational
programs is seen and more basic
information is sought on the
over-all operating environment.

But even Pentagon officials
realize that all this will go for
naught if EMC specifications are
not enforced contracturally on
manufacturers. They also fore-
see the need for new regulations
covering deployment, use and
maintenance of electronics by
field personnel if any headway is
to be made in reducing inter-
ference.
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THESE LITTLE

ARE RESPONSIBLE FOR FILTERING
OUT NOISE IN THE GUIDANCE SYSTEM. ..

... ABOARD GRUMMAN'S LUNAR MODULE

ERIE — GRUMMAN'S CHOICE FOR EMI FILTERS

These superior EMI FILTERS passed Grumman's critical qualification requirements
— including random vibration and high transient withstanding capability. Most of
these very small filters weigh less than 10 grams, and their inherent reliability
make Erie a natural selection as Grumman'’s filter source.

Bonded Filter Stock . . . inventories under lock and key in our Quality Control

Department . . . is available for LM subcontractors or for other critical programs
requiring Established Reliability Filters.

The typical 100 Vdc rated Erie Filter will provide an insertion loss of 67 db @
150 kHz. A broad line of ERIE FILTERS is available — including MULTIPLE
SECTION FILTERS and special configurations for STRIP LINE applications. Custom
filters for your applications can be designed. Why not call in an Erie Filter
specialist for your project?

Write for new catalog 9000 . .. ERIE ELECTRONIC FILTERS

Another Series of Components in Erie's Project ‘‘ACTIVE" Erie,Pennsylvania
Advanced Components Through Increased Volumetric Efficiency

— = e — —
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NO OVEN
TG/VGXO0

Frequency Stability
within +2 x10—¢
over 0 to 71°C range

If space and power are limited in
your telecommunication system, con-
sider the advantages of the Damon
Temperature Compensated Voltage
Controlled Crystal Oscillator
(TC/VCXO). This rugged, miniatur-
ized unit provides a frequency de-
viation of £100 Hz about center
frequency and maintains a stability
comparable to that of an *‘oven-
ized"” unit without the need for
added circuitry and power.

The illustration, above, shows a
frequency stability curve for a sim-
ple Damon TC/VCXO. To achieve
comparable frequency stability am
“‘ovenized’ unit would require more
space and more power.

Typical TC/VCXO Model 5968WA
Center Frequency: 6.8 MHz
Size: approx. 22" Lx 14" W x %" H

Tight temperature compensation is
only one example of Damon VCXO
capability. Low noise, small size and
increased reliability are other Da-
mon VCXO accomplishments. Per-
haps your telecommunication system
suggests new VCXO problems? Con-
sultations between circuit designers
and Damon engineers are the best
route to proper VCXO selection. As
a starter, may we invite you to write

for the Damon VCXO Brochure.

Damon Engineering, Inc., 240 High-
land Avenue, Needham Heights,
Mass. 02194 (617) 449-0800.

DAMON

On Reader-Service Card Circle 14
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NEWS
(EMI, continued)

Considerable interest was shown
in electromagnetic-interference test
instrumentation. Several papers
were delivered on the subject and
manufacturers demonstrated their
latest wares.

A general-purpose automatic
spectrum surveillance system was
described by David Smoller, chief
engineer of Fairchild Electro-Me-
trics Corp., Amsterdam, N. Y. He
said that until recently most RFI
analysis had been “accomplished by
laborious point-by-point data-tak-
ing.” Measurement of RFI, he add-
ed, is complicated by the variety of
transducers, nonstandard test set-
ups and specification limits. The al-
most infinite variety of equipment
under test also creates organization
problems.

This situation, Smoler reported,
has led to increasing use of auto-
matic RFI/EMC measurement sys-
tems for testing a wide variety of
equipment according to many
different specifications. He said that
many of the systems marketed to
date have been massive and me-
chanically tuned, using combina-
tions of commercial equipment de-
signed for a narrow range of uses.

Fairchild Electro-Metrics demon-
strated a spectrum surveillance sys-
tem that included interference ana-
lyzers, an X-Y plotter and a spec-
trum display.

Smoler said that the system could
survey part or all of a frequency
from 20 Hz to 1 GHz, and plot spec-
trum profiles on the X-Y plotter.
The two analyzers that cover the
range are shielded superheterodyne
receivers which use varactor tuning
to eliminate mechanical sweeping.

Another automated data acquisi-
tion and analysis system was dem-
onstrated by engineers from the
Jansky and Bailey Depts. of Atlan-
tic Research Corp., Alexandria, Va.
They use a small computer pro-
gramed to control equipment being
tested. It receives the measured
data, performs the required data-
processing and prints out the data
in final form.

The 1967 IEEE Electromagnetic
Compatibility Symposium Record is
available from IEEE, Inc., 345 East
47 Street, New York, N. Y. 10017.
The price is $6 for members, $12
for nonmembers. = =
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Plated wires cut ferrites to the core

Devices bid to preempt aerospace computer
memories because of speed, ruggedness, NDRO

Richard N. Einhorn
News Editor

Plated-wire memories, mired
since the early Sixties in production
difficulties, are muscling their way
into the main memories of third-
generation commercial computers.
They appear well on the way to mo-
nopolizing the aerospace computer
field. The new generation of strate-
gic missiles and counter missiles
are all reportedly equipped with
nondestructive readout (NDRO)
memories. Many will contain plated-
wire elements—including the iner-
tial guidance computer of the Posei-
don missile. And the National Aero-
nautics and Space Administration
is reported to be considering them
for the post-Apollo guidance compu-
ter memory.

Leading contender for the Posei-
don memory is said to be the Univac
Div. of Sperry-Rand, which under
Air Force funding has built plated-
wire modules of multimegabit ca-
pacity. Univac is also equipping its

HARD DIRECTION
OF MAGNETIZATION

EASY DIRECTION
OF MAGNETIZATION =

9200 and 9300 lines of commercial
computers with plated-wire mem-
ories. A spokesman for Univac says
that a “considerable number” of
9000-series computers has been
built, although none has been
turned over to customers.

Eugene C. Maupin, an engineer
in the computer group of the Avi-
onics Laboratory of Wright-Patter-
son Air Force Base, Ohio, says that
the immediate application of his
group’s research is space vehicles.

“If they’re suitable for space ve-
hicles,” he said, “they’re also suit-
able for missiles and aircraft, be-
cause one of the major advantages
is the very low cost. Potentially, it
could be down to fractions of a cent
per bit.”

There are several salient reasons
for employing plated-wire memo-
ries in aerospace computers:

m Little power is consumed because
of high-speed switching and short
driving time.

®m 250-ns cycle times are feasible.

® NDRO, which is easy to attain

SENSE SENSE

WORD ;

CURRENT . ,
| ==

MAGNETIZATION

4
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MAGNETIZATION

VECTOR FOR 0O VECTOR FOR 1
BIT CURRENT
WRITE WRITE
DRIVER SR E

WORD

PLATED WIRE STRAP

1. Plated-wire memory planes for Univac's 9000-series commercial computers
are 144 bit lines by 256 word lines—36,864 bits in all. Planes are stacked
for increased capacity, and multimegabit modules are feasible.
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with plated-wire memories, pro-
tects stored data, since the informa-
tion never leaves the cell location.
With destructive readout (DRO),
the information must be fed to the
electronics, where it is far more
vulnerable to transients than it is in
the storage elements.

B The wire memories operate over
a wide temperature range—plated-
wire and planar thin films have a
Curie temperature (the tempera-
ture at which the material loses its
magnetic properties) of approxi-
mately 500°C, which is 100 degrees
higher than that of the best ferrite
core.

8 Wire memory elements do not
themselves generate heat. Cores, on
the other hand, get hot and add to
system heat. In view of the heat-
sink problem, spacing—and there-
fore density—is a limiting problem
for cores but not for plated wires.

® Wire memories are mechanically
rugged. On one military program
an array withstood 1000 g shock
and 20 g vibration—equivalent to
being dropped from the roof of a
ten-story building.

NDRO becomes attractive

Up to now, NDRO was not feasi-
ble for aerospace use, despite the
inherent possibility of high speed,
because the cost in size, weight and
power was prohibitive. There were
exceptions: the Saturn computer,
with its multiaperture devices (a
“big, hairy, costly, beast,” in the
words of one aerospace manager),
and the wired-in core memories of
the Apollo equipment (“inflexible,
terrible,” says the same critic).
Rather than accept these and such
other NDRO devices as transfluxers
and biax, which are big, heavy, ex-
pensive and chock full of compo-
nents, aerospace planners tended to
say: “All right, we’ll live with cores
and try to protect them from tran-
sients. But at least we can fly
them.”

But now this is all changed. With
recent improvements in the produc-
tion yield of plated-wire elements,
they figure heavily in the plans of
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(plated wire, continued)

NASA and the Air Force. A few
years ago production yield was as
low as 2 per cent. Today the yield is
reported to be much better than 50
per cent—and still improving.

How do plated-wire devices differ
from other magnetic memory ele-
ments, such as ferrite cores and pla-
nar thin-film arrays?

Univac uses stripline

In the technique fostered by Uni-
vae, a moderately thin film of perm-
alloy (10,000 to 20,000 A) is elec-
troplated onto beryllium copper
wire substrates. Parallel lengths of
this wire serve as digit lines in a
matrix. The word lines are formed
by word straps—copper ribbons
wrapped around the bit lines like
sugar tongs (see Fig. 1).

The plated-wire memory element
is analogous to the planar thin film.
It is anisotropic—oriented so that
the easy direction (the preferred
direction of the magnetic field) lies
around the circumference of the film
and the hard direction lies along
the length of the wire. In the memo-
ry matrix the copper word strap is
at right angles to the wires and
encircles all of them with one turn.
For Poseidon, Univac is reported to
be using two turns for better coup-
ling.

When current flows in the word
strap, it produces a magnetic field
that is along the axis of the wire—
that is, in the hard direction. If, on
the other hand, current flows along
the wire, this produces a magnetic
field around the circumference—the
easy direction of magnetization.
Application of both the word field
and the bit field to a given storage
location on the wire causes the bit
to be stored. Writing is thus a coin-
cident-current operation. The bit
current must be large enough to
partially rotate the magnetization
vector, but not so large as to affect
bit locations under adjacent word
straps—the creep phenomenon.

Since the bit storage locations
are not physically separated but are
part of the same wire, there could be
interference between bits. James P.
MecCallister, a Univac engineer, re-
ported at the 1966 Fall Joint Com-
puter Conference in San Francisco:
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“This interference, which is re-
versible, occurs when information
of the same polarity is repeatedly
written into one bit cell. The bits
under adjacent word straps may be
reversed and caused the wrong. in-
formation to be read out. An effec-
tive technique has been devised to
prevent this interference. During a
single write cycle, first the comple-
ment of the information is written
and then the desired information.
Thus, in every case, the magnetic
history of a particular bit is bal-
anced in ones and zeros, and no
more than two write operations of
the same polarity can occur consec-
utively at any one bit location.”

In reading, the word current is
turned on and the wire serves as its
own sense line. The word current
creates a longitudinal magnetic field
that rotates the magnetization vec-
tor toward, but not up to, the axis.
This displacement induces a sense
voltage that is detected by a sense
amplifier in the bit lines. When the
word current is removed, the bit lo-
cation returns to previous orienta-

2. Word lines are woven in multiple
turns around plated bit lines. Libra-
scope expects new shuttle loom to
weave one 64-word-by-64-bit plane
(4096 digits) every 18 minutes con-
tinuously. Eventually weaving will be
programed.

tion, thereby completing the read
cycle. The speed of the plated-wire
memory depends on the rapid rota-
tion and snapping back of the mag-
netic domain. With cores, the do-
main is switched completely. This
takes time and power, but by the
same token, cores produce a larger
output.

Univac incorporates a switching
arrangement that permits selection
of one out of each group of 16 word
lines. This represents a great sav-
ing, in that it eliminates 15,000 of
the 16,000 diodes in a single mod-
ule, thus giving a square matrix.
Switching doesn’t introduce sig-
nificant delay, because it is set up
before interrogation of the stored
data;

Another configuration is the wo-
ven wire approach used by Toko
Coil of Japan and its licensee in the
United States, General Precision’s
Librascope Group in Glendale, Calif.
Here, the word lines consist of in-
sulated wire woven about the plated
bit lines (see Fig. 2). A machine
much like a textile loom weaves
the wires back and forth into mul-
tiple turns (the figure itself is sim-
plified). Despite this, the goal is
to have no more than two solder con-
nections for each word line, as with
the Univac method.

Woven wire favored

According to Dr. Richard H.
Fuller, who directs R&D at Libra-
scope, multiturn coils have one po-
tential technical advantage over
Univac’s stripline method: Because
the word wires wrap approximately
180 degrees around the plated
wires, instead of being tangent to
them at only two points, there is a
greater ability to shape the word
fields more precisely; they are
strong and uniform at the bit and
fall off away from the bit. This is
said to permit greater packaging
density and to afford better cou-
pling. This, in turn, is said to per-
mit the use of lower word current
than the Univac device.

Librascope stacks individual me-
mory planes to form a memory
module of the required capacity, as
does Univac.

Yield problems facing both Uni-
vac and Librascope stem from the
condition of the substrate wires and
the composition of the permalloy.

(continued on p. 26)
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New CVC AutoMate...The Decision Maker

Just Touch The Control...
AutoMate Does The Rest

An AutoMate™ control system will
handle your vacuum cycle for produc-
tion—and do it automatically. Auto-
Mate is engineered to make human
decisions without human errors.
Think what this means:

Finger-tip control on the AutoMate
Decision Control Center. . .relieves
operators from further machine at-
tendance.

Automatic sequence operation . . .
the cycling decision is made and
carried out in response to actual
pressure in the system.

Repeatable performance . . . get ex-
actly the same results every time.

So let AutoMate make the vacuum
decisions to free your operator for
more important tasks in your produc-
tion process. Use AutoMate in elec-
tronics, optics, ceramics, metallurgy.

AutoMate gives you a complete sys-
tem with automatic control center,
chamber, pumping system, and gauge.
These elements have been human-
engineered into a new design that
makes AutoMate stand for the latest
technological advances in high-vac-
uum automation. Write for details.
Consolidated Vacuum Corporation,
Rochester, N.Y. 14603. Subsidiary
of Bell & Howell.

AutoMate Automatic Control Center as in-
stalled on CVC’s new systems. Just
touch the control—AutoMate does the
rest. This Control Center introduces a
whole new era of automated high-vac-
uum systems. Watch for more . . . from

CVC.
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Fuller says that scratches and die
marks on the wire cause the easy
direction of magnetization to follow
the physical imperfections. Also, the
alloy has to be carefully controlled
to yield zero net magnetostriction
of the film.

NDRO plated-wire memories pro-
vide the best protection for missile
and space computers against radia-
tion-induced transients, Fuller says.
(Fluidic devices, which are inher-
ently still safer, are too slow to be
considered.) Semiconductor memo-
ries can be wiped out very easily. It
is also easy to lose information
with a core memory, because the
process entails transfer to the asso-
ciated electronics during readout.

The level of transient required to
disturb the memory itself is sev-
eral orders of magnitude higher
than that required to disturb the
electronics (with integrated cir-
cuits, the memory is just as vulnera-
ble as the electronics). In a DRO
memory, if the transient occurs
while the data are in the elec-
tronics, information can be lost, or
else it can be rewritten improperly.
In a NDRO memory, loss of infor-
mation in the electronics causes

only temporary dislocation, since
the information remains in the bit
locations. Thus, when the transient
dies down, the computer can resume
operation, provided that the elec-
tronics haven’t been permanently
damaged.

Asked whether it wouldn’t be
possible for the transients to intro-
duce excessive current to the word
straps or wires, so that the read
currents would cause spurious writ-
ing, Fuller admitted that this could
happen,

He explained that writing did not
normally take place unless there
was coincidence of the word and
digit currents. By heavy overdrive
—50 to 100 per cent—it would be
possible to destroy information by
writing with the word current
alone. Such a transient would ac-
tually pull the flux current close to
the axial direction of the wire. The
flux would shatter and fall back
randomly, and a great deal of it
would be lost. As a result, the loca-
tion could not be sensed unless it
was rewritten. But rewriting might
be impractical.

Fuller suggested several remedies
to safeguard the plated-wire memo-
ries of missile commputers. One
might be the use of current-limiting
devices. Depending on the energy, a
fair amount could be dissipated in

terminating resistors. However, if
the current were high enough, it
could still destroy the stored infor-
mation. At sufficiently high neutron
flux densities, the transient could
do physical damage to the wires.

Therefore the currents would be
gated and normally limited. Flow
would be through saturated switch-
es, so that excessive current would
pull the switches out of saturation,
and they would become highly re-
sistant.

It might also be possible to sense
the rate of rise of the transients
and to turn off power to the elec-
tronics before the damaging cur-
rents were applied. This switching
could be set up to operate in tens of
nanoseconds. Whether this would be
fast enough is not known at
present,

Other companies reported to be
at least minimally engaged in re-
search are Honeywell, Fabri-Tek,
Melpar, and Fairchild Semiconduc-
tor. National Cash Register uses
plated rods in its 315 RMC compu-
ter and is also developing plated
wires. According to recently pub-
lished papers, Bell Telephone Lab-
oratories, Murray Hill, N. J., is still
active after having pioneered this
technology a decade ago under U. F.
Gianola, head of the magnetic de-
vice department. m =

Laser deposits wiring

An unusual technique for direct
deposition of microcircuit intercon-
nection patterns on a single semi-
conductor substrate is reported by
Standard Telecommunications Lab-
oratories, Ltd., Harlow, England.

In their technique, a glass plate
with a thin metal film on its un-
derside is placed in contact with
the processed semiconductor slice.
A beam from a helium-neon laser
—used with a micropositioning ta-
ble—is focused through the pattern
on the plate. The beam vaporizes
the film material and deposits the
interconnection pattern directly on-
to the slice.

A minimum line-width of 25 p
has been obtained, although the
company says the process is still
at an early stage of development.

Local deposition is regarded as
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on a microcircuit chip

particularly important, a company
spokesman noted, because “it offers
an elegant solution of multilayer

by means of a helium-neon laser.

Interconnection patterns are deposited directly ont5 a semiconductor

interconnection problems that will
arise in future complex sys-
tems.” = m

™
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bench

accuracy at
system speed

® -

Take 40 readings per second, integrate and resolve the
answers to a microvolt with the new Hewlett-Packard
2402A IDVM.... get resolution never before available in
this speed range. With the accuracy of a lab instrument
(0.01% of reading =0.003% of full scale), the 2402A is
excellent for system applications...with full programma-
bility and all the features you’d expect from a systems volt-
meter. (Of course, it’s an excellent lab instrument, too.)

Guarding and integration permit accurate measurement of
low-level signals in the presence of common mode and
superimposed noise—over 120 dB effective common
mode rejection...even at 40 readings per second. De-
signed for low-cost multimeter expandability: AC, resis-
tance and frequency measurement capabilities can be
added easily with optional plug-in circuit cards. Five ranges

06705

Cover protects 2402A controls for systems use.

Integrating DVM
with 1 microvolt
resolution.

to £1000 Volts, including a 0.1 Volt range for high-
accuracy millivolt measurements.

The 2402A: $4800. Plug-in options are reasonably priced
—AC, for example, only $450.

For more information, call your local HP field engineer
or write Hewlett-Packard, Palo Alto, California 94304,
Europe: 54 Route des Acacias, Geneva.

HEWLETT \h

PACKARD

DIGITAL VOLTMETERS

ON READER-SERVICE CARD CIRCLE 16
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Il TRANSIENT-PROTECTED 1-AMP
RECTIFIERS, HERMETICALLY
SEALED IN SOLID GLASS, IN
VOLUME PRODUCTION NOW

You can use them to replace many
kinds of older style rectifier diodes.
General Electric’'s Al4 rectifier di-
odes are encapsulated in solid glass
and available in voltage ratings from
50 volts to 800 volts PRV.

Four popular types are the 1N5059-
1N5062 rated from 200 volts through
800 volts PRV. These devices are tran-

Actual size GE A14 rectifier diodes

sient voltage protected to dissipate up
to 100 watts for 20 microseconds in
the reverse direction.

Al14’s feature an all-diffused, glass
passivated junction structure, high
surge current capability, and low ther-
mal impedance through dual heatsink
design. The circuit protection offered
by the A14, plus its stable perfor-
mance, makes its use essential for
both industrial and consumer applica-
tions where transient voltages may de-
stroy conventional rectifier diodes.

For more information on General
Electric Al4’s, just Circle Number 96
on the magazine inquiry card.

AT WESCON, DISCOVER GENERAL ELECTRIC'S NEWEST IDEAS IN SEMICONDUCTORS AT BOOTHS 4319-20, COW PALACE, SAN FRANCISCO, AUGUST 22-25.

Semicanauctors

NEW IDEAS IN APPLICATION AND DESIGN

PAIR ’EM UP...

- 110-Amp, 1000-Volt SCR
Rated to 10,000 Hz

Ask for the General Electric C158. It
features high di/dt (200 amps/usec.),
high dv/dt (200 volts/usec. min-
“imum), and very low switching losses.
Available in both flexible lead (C158)
and flag terminal (C159) packages,
these GE SCR’s are rated 1,000 volts,
10 kHz sine wave and 5 kHz square
wave. Applications include use in
choppers, inverters, regulated power
supplies, induction heating, radio
transmitters, cycloconverters, DC-to-
DC converters, and high frequency
lighting. Circle Number 97.

Il ACCURACY UP, RFI DOWN
WITH GE’'S NEW LOW-COST
A-C POWER CONTROL
MODULE

‘“Zero-voltage switching” is the key.
GE’s new S200 synchronous switch
power control provides much lower
RFI levels than are possible with elec-
tromechanical thermostats or phase-
controlled semiconductors. And it has
high accuracy with control point re-
peatability better than =0.5% of
sensor resistance. Keys to this high per-
formance are a monolithic integrated
firing circuit and a Triac power control
device. Its user need only provide
power, a resistive load (such as a re-
sistance heater), a variable resistance
sensor and a reference control resistor.

Potential uses include any resistive
load application where a-c power con-
trol is needed. S200 power control
modules are available in ratings of 10

250-Amp, 1000-Volt Recti-
fier Diode with 1.5 usec.
Recovery Time

For use in the same circuits with
your C158/C159 SCR’s, specify Gen-
eral Electric A96/A97 rectifier diodes.
A96/A97’s are rated up to 6.25 kHz
and housed in a flexible lead pack-
age. The new rectifier diodes feature
a recovery time of just 1.5 usec. Both
forward (A96) and reverse (A97) po-
larities are available. Match them
up with the C158/C159 or other SCR's
and power transistors and try them
in your own applications. Or Circle
Number 98 for specifications.

and 15 amps RMS, at 120, 240 and
227 volts RMS, 50 to 60 Hz, for control-
ling resistive loads up to 4150 W.
Use with General Electric’s new Man-
Made® diamond thermistor permits
sensing and control of temperatures to
450 C. Housing dimensions of the S200
power control module are roughly 1%
by 214 by 314 inches.

Circle Number 99 for full details on
these new GE power control modules.

These are just a few examples of Gen-
eral Electric’s total electronic capa-
bility. For more information on all GE
semiconductor products, ca'l your GE
engineer/salesman or distributor. Or
write to Section 220-59, General Electric
Company, Schenectady, New York. In
Canada: Canadian General Electric, 189
Dufferin St., Toronto, Ont. Export: Elec-
tronic Components Sales, IGE Export
Division, 159 Madison Ave., New York,
N. Y, US.A. 220-59

f
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Bidders wanted for Navy electronics

Navy seeks more bidders on hardware

The Navy ‘is having trouble finding enough
bidders for much of the hardware that it buys
frequently. The Navy complains that there is
“limited competition” and that in the past
there have generally been no more than two
bids or proposals on any item. In some cases,
Navy officials admit, ‘“‘competition has been
limited by high setup investment and the need
for specialized facilities or capabilities.” But,
they add, “for other items there are no known
major factors which should inhibit additional
competition.”

To encourage more companies to bid—
especially smaller companies that could provide
much of the needed equipment—the Navy has
compiled a long list of products that small firms
could supply. Over half of them are electronic.

The list includes certain signal simulators,
logarithmic periodic antennas, conical
monopole antennas, radio transmitters
(AN/FRT-72), motor generators, certain
safety and arming devices, AN/PSM-4
multimeters, AM-2123/U amplifiers, AM-368
amplifiers, AN/PDR-43 radiation detection
equipment. Also needed are permanent magnets
for IC/SBA-4 and LLS-444/WIH loudspeakers,
control radio sets (C-1138B/UR), L.S-386/SIC
intercom stations, certain microphone stations,
waveguide horns, head sets, roll gyros, signal
simulators, frequency dividers, Mark-37 time-
delay relays and coaxial cable.

Companies interested in bidding when these
items come up for procurement should contact
the Small Business/Labor Surplus Area
Specialist at the Navy organization doing the
buying. That official can also provide a list of
the specialists at all other facilities, along with
addresses and telephone numbers.

California receives most R&D funds

California has again taken the largest slice of
the Federal research-and-development-funds
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WASHINGTON EDITOR

pie. And to nobody’s surprise, New York,
Maryland, Massachusetts and Texas were again
the runners-up. These five states accounted for
57 per cent of the funds spent by the eight
Government agencies that handle 98 per cent of
Federal R&D funds. The figures are published
in the National Science Foundation’s survey,
Geographic Distribution of Federal Funds for
Research and Development, for fiscal year 1965,
the latest annual data available. The 188-page
report is available for $1.00 from the U.S.
Government Printing Office, Washington, D. C.
20402,

The survey shows that 63 per cent of Federal
research and development was performed by
industrial firms, 21 per cent was “in house,”
and 8 per cent was carried out in colleges and
universities. Of industry’s share, 40 per cent
was carried out in California, home of George
P. Miller, chairman of the House Science and
Astronautics Committee. The bulk of the work
in California was space and military. The
report shows that in New York and Texas, too,
most of the work was space and military.

The Defense Department and the National
Aeronautics and Space Administration together
accounted for 82 per cent of the money spent on
research and development. The others of the
“Big Eight” agencies are the Atomic Energy
Commission; Dept. of Health, Education and
Welfare; Dept. of Agriculture; National
Science Foundation; Dept. of the Interior ; and
Dept. of Commerce. The Pentagon and NASA
were the major users of industrial laboratories;
the Dept. of Health, Education and Welfare
was the chief support of educational
institutions; and the Atomic Energy
Commission was the mainspring behind Federal
contract research centers managed by
educational institutions.

Between fiscal 1963 and 1965, the amount of
money spent on Federal research and
development rose by 17 per cent, the report
shows, but the distribution of it among the
various regions of the nation remained almost
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unchanged. There were more noticeable
changes on a state-by-state basis. In states
getting the lion’s share of Federal work, the
impact of changes in contracting was slight; in
states receiving less, the impact on their
economy was quite significant.

Tactical comsats pass major test

Communications between air, ground, sea and
undersea units of the Army, Navy and Air
Force have been successfully performed with a
new tri-service tactical communications
satellite, LES-5. This completes a development
phase that is expected to lead to production and
the wide use of tactical communications
satellites. The satellites are being developed by
the tri-service Tactical Satellite Executive
Steering Group.

Development of experimental ground terminals
for the test program is an Army responsibility.
The program so far includes two jeep
terminals, two 3/4-ton-truck terminals and a
26-foot-van terminal, all developed by the Army
Satellites Communications Agency, Fort
Monmouth, N. J. During the experimental
phase they have been used only in the Fort
Monmouth area, but they are expected soon to
be moved to other areas to test the “tac-comsat”
system under different conditions. A voice
network has been successfully operated among
three of the ground stations.

The Navy has used 60-word-per-minute
teletypewriters on a ship, a submarine, an
airborne P-3 Orion aircraft and at three shore
stations which took part in its experiments. The
Naval Electronic Systems Command’s Satellite
Communications Project Office monitored
development of the Navy terminals. The
electronics for all six terminals was basically
the same, but the antennas differed from one to
another.

Air Force aircraft for the experiments were
drawn from Systems Command and Strategic
Air Command. Ground terminals were set up at
the Air Development Center, Rome, N. Y.

Lincoln Laboratory at MIT built the LES-5
(Lincoln Experimental Satellite No. 5) as part
of a program to provide rapid communications
for highly mobile, lower-echelon (tactical)
forces. The program aims to develop equipment
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that is small and light in weight and offers
maximum flexibility with minimum need for
control.

New computer-library grants awarded

The U.S. Office of Education has begun to
allocate $3.5 million for 38 projects in a new
program of library and information sciences
research. The program is designed, U.S.O.E.
says, “to devise better ways of coping with the
‘information explosion.”” It is heavily
computer-oriented and underscores the
growing importance of computers for education
and library works.

One $64,408 project is being undertaken at the
new Hampshire College, Amherst, Mass. The
college will admit students in 1970 and is
trying to use computers and dial-access
communication systems to bring library
services to dormitories. Under a $293,000
grant, the Smithsonian Institution in
Washington hopes to develop a computerized
system to make its biological and geological
specimens more readily accessible for students
and specialists.

PHS looks into electron beams

Industrial electron-beam devices may become
subject to Federal standards. The Public Health
Service is eyeing the proliferation of neutron
generators and electron accelerators used by
industry to cure paint, pasteurize food and
sterilize consumer products. Are there hazards
to workers in plants where the devices are
used ? The PHS Bureau of Disease Prevention
and Environmental control plans to find out.
The Bureau seeks a contractor to assess the
hazards. Data will then provide a basis for
Federal guidelines on instrument design and
operating procedures. The PHS also intends to
study possible hazards from isotopic X-ray and
Mossbauer devices.

Navy closes a chapter in missiles

The Navy has ended a chapter in the nation’s
undersea ballistic missile program, with the
test-firing of a Polaris A-3 by the submarine
Will Rogers. The new Will Rogers, scheduled
to go on patrol in September, completes
a planned fleet of 41 submarines, each
armed with 16 undersea missiles. Future
subs will be capable of carrying more missiles.
The missiles themselves, beginning with
Poseidon next year, will also be larger.
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trouble-free
selection...

1%,% ACCURACY
MODEL 2750

22 BUILT-IN RANGES
MODEL 604

b e

10 CHANNEL EVENT
MODEL 2755

SINGLE RANGE—4 SPEED
MODEL 603

We build them only one way. Trouble-Free . . . with Simpson’s
inkless system for a clear record every time . . . with quick and easy
paper changing . . . with ruggedness and portability. All our magna-
tude recorders use Taut Band movements to prevent shock and
vibration damage. And speed changes can be made on all models
while the chart is in motion, with the flip of a switch. High-quality

g write for
construction throughout. Choose the recorder you need from the e
chart. All are Reliable. Convenient. Trouble-Free. S okation

SPECIFICATIONS 603 604 2750 2755
Accuracy of DC models: +2.5%FS | +2.5%FS on all +1.5%, any model (Event channels
recording AC models: +4.0%FS ranges only)

Number of ranges
built-in 1 22 1 e
Ranges available from | DC pA:0-50/100/250 DC pA:0-50/250* DC uA: 0- 10/25/50/100/500 -
stock. DC mA: 0-1/5/50/500 |DC mA: 0-1/5/25 DC mA:0-1/10/10
DCA: 0-5 ACA: 0-5 DCA:0-.1/.25/1 DCA:0-1/5/10
DC mV: 0-50 AC mA: 0-.2 AC uA: 0-250/500
DC V:0-15/50/150 DCV:0-.1/.5/2.5/10/ | AC mA: O- 1/10/100
AC V:0-5/150/300, 25/100/250/500 AC A:0-5 DC mV: 0-50
100-130 ACV:0-10/25/100/ DCV: 0- 1/5/10/15/25/50/
250/500 100/150/250/50
ACV: 0-10/15/25/50/100/
150/250/500
Number of event
channels built-in 1 none yone 10
[ T
Event indicator voltage | 120 volts/60Hz. — — (102,3%;?";;5:/262\';5&)
Built-in chart speeds 3/12/24/36" per hr. |1/3/12" per hr. 20/120 mm per hour

W/112]37Per A 30/60/90" per hr.+++ | 30/180; B0/360; T007600; 300/1800;

Optional speeds 600/3600 mm per h

Clamp rate 2 seconds 2 seconds 3 seconds Continuous

3" wide, pressure

Chart Paper 2%/s" wide, pressure sensitive

| sensitive
Motor drive Self-starting, synchronous 120 volts @ 60 Hz.
Pri $90.00-$120.00 $200.00 $138.00-$167.00 $175.00
Hee From Electronics Parts Distributors FROM YOUR SIMPSON REPRESENTATIVE

*Note: 604 has all ranges listed built-in one unit.
**Gearbox not interchangeable. Stocked in both low and high speed ranges.
***With interchangeable Gearboxes.

ELECTRIC COMPANY

5200 W. Kinzie Street, Chicago, lllinois 60644 . Phone: (312) 379-1121
Export Dept: 400 W. Madison Street, Chicago, lllinois 60606, Cable, Simelco
IN CANADA: Bach-Simpson Ltd., London, Ontario
IN INDIA: Ruttonsha-Simpson Private Ltd., International House, Bombay-Agra Road, Vikhroli, Bombay
ON READER-SERVICE CARD CIRCLE 17
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In goes schematic;
out comes PC art

A computer service corporation,
CEIR, Inc., Washington, D.C., has
adapted a program, originally de-
signed for the Atomic Energy Com-
mission, to produce finished art-
work used in the manufacture of
printed-circuit boards from an en-
gineer’s schematic. The circuit is
translated onto punch cards, which
are then fed into the computer. In
addition to the complete printed-
circuit negative, the computer also
produces a verified schematic, a
parts list, an assembly drawing and
a hole-drilling list.

The computer’s input consists of
three packs of punch cards. One set
defines the location of each part on
the schematic, which is divided into
sections by a matrix of boxes. Each
box contains one component—any
device of four leads or less from a
piece of connecting wire to a tran-
sistor. Another set of cards defines
the board’s size, the location of its
corners, the conductor width and its
pad and hole size. A third set locates
and determines the connector termi-
nal if it has one.

With these three sets of cards
the ecomputer attempts to lay out
the wiring pattern of the printed-
circuit board. If it cannot do this
McLEAN “COMPUTER AGE"” RACK-MOUNTED BLOWER without crossing wires on the board,
it indicates this impossibility with
a crisp message to the operator. If
EGO . _ it can lay out the printed circuit’s
Thr..r..r..riftiest Blowers in Americal | | putes wiring, withont ahorts, i

b AN iy y does so on a graphic console. This
console is equipped with a film,

The traditional key to economy is to make a little go a which, after development, is the
long way. But our problem at McLean is to make a great negative that can be used directly
deal go by the shortest possible route. in the production of the PC board.

A typical 3-by-5-in. board,
crammed with components, takes
about 20 minutes on an IBM 7090.
CEIR charges $400 to $600 for this
service, including the preparation
of the punch cards and the time on
their computer. The firm is now
working on a version that will ac-

In equipment cooling, this saves you money. By moving
volumes of air through tight spaces — and doing it
reliably, unfailingly, with miniaturized units — McLean
protects millions of dollars worth of electronic installa-
tions each year. But whether it be in the rack-mounted
blower shown here, or in tonnage-volume units for in-
dustry, McLean delivers more for less.

And you pay less for more. cept multileaded integrated circuits.

See us at Booth 3107 during the Wescon Show. The program will design boards

with two layers of interconnection

MCI-EAN ENGINEERING L4 and should be ready in six months.

LABORATORIES E*E The original program was called

ﬁi’;,“fg%'; Princeton Junction, N. J. 08550 elpan ACCEL (Automated CirCuit-board
CATALOG Phone 609-799-0100 * TELEX 84-3422 & ean@ Etching Layout) and it was devel-
o — oped jointly by the SANDIA Corp.,

and the Bede Foundation. = =

)
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Balloon telescope
maps far-infrared

Two NASA astrophysicists who
lofted an instrument-laden balloon
to a height of 20 miles have con-
ducted the first survey of the sky in
the far-infrared region of the elec-
tromagnetic spectrum. In doing so,
they may have discovered a way to
gain valuable information on the
formation of planets from the dust
clouds surrounding newborn stars.

Their success was due to the bal-
loon’s ability to float over all but a
few tenths of water vapor, the chief
absorber of infrared energy in
the atmosphere. The far-infrared,
above 25 microns, is said to have
been the last remaining unexplored
region. Thus the gap between radio
and optical astronomy has been
bridged.

The astrophysicists, Drs. William
F. Hoffmann and Neville J. Woolf,
both of the Goddard Institute for
Space Studies in New York City,
placed a 1-mm chip of cryogenically
cooled germanium, which served as
a detector, at the focus of a 1-inch
quartz lens. The balloon instrument
package also included a recorder, a
motor to rotate the package and
and magnetometers.

The far-infrared, according to
the two scientists, is normally
filtered by the earth’s atmosphere—
along with the gamma-ray, X-ray
and ultraviolet regions—and there-
fore is inaccessible from ground ob-
servation points. This region is said
to be exceptionally difficult to detect
and measure. At shorter wave-
lengths, such devices as photo-
graphic plates and infrared quan-
tum detectors can be used. At longer
wavelengths, radio receivers are
available. But in the intermediate
region, none of these methodologies
can be applied successfully. The
quanta of energy are too small for
detection of the photoelectric effect,
while the wavelength is too short
for radio reception.

Hoffman and Woolf were able to
take measurements that could place
an upper limit on the amount of
radiation from interstellar dust
clouds. The composition of this dust
could have important implications
for theories on the origin of the so-
lar system. Silicates would consti-
tute an important ingredient in the
formation of planets. m m
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KEITHLEY UNWRAPS F/RST MOS FET
ALL SOLID-STATE ELECTROMETER

New Model 602 eliminates the need for
frequent zero adjustment

Using Mos Fets at the input, this new Keithley solid state
electrometer measures voltage, current, resistance and charge
over 73 ranges. It is so stable the only discernible drift is with
temperature. And only at a rate less than 300 uv/° F.

The 602 exhibits minimum zero shift from shock, vibration or
voltage overloads up to 500 volts. Battery-operated, this
versatile giant operates up to 1500 volts off ground and has
battery life of 1000 hours, even when recording ! Fast warm-up
time, low. 5 x 10-15 ampere offset current and freedom from
microphonics make it truly unique!

Call your Keithley man for our technical engineering note.
Ask for a free in-plant demonstration, too.

Model 602

e 1 mv fs. to 10v, with 1074 o 100 ohms f.s. to 10'3 ohms
ohms input resistance e 10-12 to 10-¢ coulomb

e 10-14 ampere f.s. to 0.3 amp. o 500-volt overload protection
$675, with input leads

LR T R e e 0 R i
INSTRUMENTS

28775 Aurora Road - Cleveland, Ohio 44139

EUROPE: 14 Ave. Villardin, 1009 Pully, Suisse
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We now make silicon PNP complements

for Fairchild NPN transistors. If you
e design complementary circuits, start

fresh: you no longer have to use NPN’s

exclusively or settle for germanium

PNP’s. Fairchild now makes silicon

, PNP complements for the Fairchild NPN
transistors you commonly use. And when
we say complement we mean same

performance specs, same silicon
reliability, same low prices, same quick
delivery. Everything matches except

the polarity. To help you pick matching
rom transistors we created a deck of
attractive playing cards with our most —
- = popular complementary devices in e
complementary suits. We've even included abbrewated
Fal rCh | Id specs for each transistor. It's yours free for the coupon
B with our compliments. Or ask your Fairchild Distributor.
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NEWS

Flying Iaboratory to study atmospheric IR

Neil Sclater, East Coast Editor

A flying laboratory equipped as
an atmospheric infrared research
platform will soon begin worldwide
flights to investigate variations in
visible and infrared radiation.

The airborne laboratory, a mod-
ified KC-135, is attached to the U.S.
Air Force Cambridge Research
Laboratories, Bedford, Mass. Air
Force scientists will use it to obtain
a better understanding of the pro-
duction and propagation of visible
and infrared energy. They say that
the studies are of importance to the
development of Air Force surveil-
lance and reconnaissance systems.

Experiments are planned which
will take the KC-135 from the north
to the south magnetic poles, accord-
ing to Hervey Gauvin, director of
the project. He is chief of the Radi-
ation Effects Branch within the Op-
tical Physics Laboratory. He said
that studies will begin this month
in the following areas:

® Infrared aurora and airglow
and their associated chemical and
luminescent reactions.

® Atmospheric water vapor as a
function of latitude, season and lo-
cation.

® Evaluation of schemes for de-
tecting low-level infrared emission
from targets by Air Force planes.

m Test and evaluation of Air
Force IR equipment

Gauvin said that infrared aurora
and airglow will be studied in nor-

Nine newly developed scientific instruments and many
installed aboard this flying

conventional instruments,
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mal sky backgrounds in different
latitudes and seasons. The project
will also obtain statistical data on
atmospheric water vapor between
about 5 and 8 miles above the earth
at various locations. The Air Force,
he says, wants to know more about
how water vapor absorbs infrared
radiation and affects satellite recon-
naissance.

Among the Air Force equipment
to be evaluated, according to Gau-
vin, are systems that would identify
IR signatures of aircraft, missiles,
and reentry vehicles.

Nine newly developed instru-
ments have been installed on the
aircraft. One is an electronic scan-
ning spectrometer able to scan the
visible infrared region of 0.6 to 1
micron at rates up to 10,000 scans
per second. It uses an image dissec-
tor photo-electron multiplier tube
as a detector. Digital signals from
the instrument are recorded on vid-
eo magnetic tape in a format direct-
ly acceptable by a computer. The
complete instrument package occu-
pies less than one cubic foot.

The special equipment on the
plane also includes a servo-con-
trolled, trainable mount which per-
mits up to seven separate instru-
ments to be trained on one region
of the sky at the same time.

The mount with its trainable per-
iscope, Gauvin says, permits real-
time correlation of data from a va-
riety of instruments.

The other new instruments are

an infrared sky mapper, five Mi-
chelson interferometers and two in-
frared radiometers.

The conventional supporting in-
struments on the aircraft include a
spectrometer and a sky mapper for
visible light, a green-line photomet-
er, and all-sky and documentary
cameras.

Atmospheric research data may
be recorded on any of five 14-chan-
nel magnetic-tape recorders and a
video magnetic-tape recorder. The
recording equipment has features
that permit the data to be timed
and indexed for ease of data reduc-
tion.

A liquid-nitrogen-cooled optical
chopper, positioned outside a win-
dow of the aircraft, permits inter-
ferometer systems to make ex-
tremely low-level infrared measure-
ments.

The aircraft is equipped with an
MD-1 Astro Tracking System for
navigating in parts of the world
lacking adequate navigational aids.

The KC-135 was extensively
modified for the installation of the
instruments by Hayes International
Corp., Birmingham, Ala. The inter-
nal framing was rebuilt to permit
the installation of the many addi-
tional viewing ports in the pressur-
ized cabin. The plane will be able
to fly at altitudes greater than 40,-
000 feet but for long flights will
cruise at about 37,000 feet. At that
height it will be above 98 per cent
of the earth’s atmosphere. = ®

RED LINE
RADIOMETER
FILTER AND GREENLINE
PHOTOMETERS AND
RAD'O%ETER AIMING CAMERA
AUTOVISIBLE TAR I-
SKYMAPPER TRAgKéR g
MD-I
[ I | AW}
&)
INTERFEROMETERS IR/ / ALL SKY CAMERAS
RADIOMETER SKYMAPPER  TRAINABLE
1-8p MOUNTS
ELECTRONIC SCAN
i SR INTERFEROMETER

thermal radiation laboratory, form a well equipped and
versatile platform for the study of atmospheric radiation.
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The servo-controlled master tracking sta-
tion is positioned by Maj. William Grieder
with a joystick control. Located on the
mount is a 16-mm gun-sight camera, a nar-
.. row-band photometer and a wide-field tele-
. 'scope for aiming and tracking. Two other
mounts are slaved to track with this sta-
tion, permitting as many as seven instru-
ments to be aimed simultaneously.

One of the two laser-referenced inter- The remote-control monitor for an 8-to-14-micron-band filter radiometer is
ferometer spectrometers is aimed by adjusted by Hervey Gauvin, the flying-laboratory project manager. The equip-
engineer Robert Pierce. Instruments ment racks before Gauvin also contain electronics for sweeping three 1-to-14-

are sensitive in 1- to- 8-micron band micron-band interferometer spectrometers and other devices that will monitor
and have nitrogen-cooled detectors. the radiometer.
4

‘\ bl A ]

“USHRFORCE

The Air Force KC-135, recently modified at a cost of about The fuselage framing was built to permit the installation
$329,000, will soon begin worldwide research flights. of many pressurized viewing windows.
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For a switch,
try to stump Amphenol



You can’t. With our Dynaform*
line, 23 standard modules go to-
gether like a set of dominoes to build
any coaxial switch you like.

Over 300 variations. 1P2T, 2P2T
or transfer. Shorting, non-shorting
or resistor terminations. BNC, TNC
or N type connectors. Same side or

*Trademark

opposite sides. Tell us what you
need, and we'll put them together.
Design advances. Dynaform
switches offer other advantages, too:
aluminum shells for lighter weight,
usable frequency ranges to 6 GHz,
low crosstalk at all ranges, dust-
proof construction, prompt delivery.
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For price/delivery data, call your
distributor or Amphenol Sales Engi-
neer. For complete specs, write
Amphenol RF Division, 33 E. Frank-
lin Street, Danbury, Conn. 06810.

@AMPHENOL

See the latest in Amphenol electronic components at WESCON. Booths 4501-4507,




Transistor
Mounting
Pads?

Clips?

| e c
Heat Sink | | W W25 T, e S
Adapters?

s

GUDEBROD is your new, reliable source

for this important circuit hardware.

Precision made with traditional English
craftsmanship—by JERMYN Industries.

Stocked and sold exclusively in the
United States by GUDEBROD.

YOII ought to know more Gudebrod is now exclusive U.S. distributor

Sor the Ielgctronic products manufactured by
] ermyn Industries of Kent, England. Gudebrod
about these prodUCts' feels it will be providing the industry with
electronic hardware consistent with the high
quality products manufactured by Gudebrod for

nearly 100 years. Gudebrod will extend the same
Send fﬂr Catalog now' quality and depth of service it has become known

for in lacing tapes. Write for the Catalog GJ100.

Area Code 215, WA 2-1122

G UDEBROD BROS. SILK CO., INC.

FOUNDED IN 1870

T IS
12 SOUTH 12th STREET, PHILADELPHIA,
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15 watts/cm® power to size ratio.

Extreme stability under extreme
environments.

15 ohms to 200K ohms
resistance range.

Not affected by radiation.

Operates at 175°C hot spot
without leads.

O 0 000

0o

Available with leads or terminating
surfaces for soldering or welding.

Founded 1896 Principal Products
Variable Resistors
Selector Switches

Loudspeakers
T c o R Po R AT_I ON Trimmping Potentiometers
: Elkhart, Indiana Fixed Resistor Micromodules

& Microelectronic Circuitry

Sales Offices and Representatives conveniently located throughout the world. cn(')sst:iﬁatf,:-geésovens

Explore new design areas with these Ceradotpellet
resistor characteristics available only from CT9:

To = 1% tolerance. Current CTS Ceradot applications include numerous
aerospace, military and industrial microcircuits, such
as discrete components inside transistor cans and flat
Won’t short out under any operating packs, microwave loads, temperature- compensated
conditions. transistor circuits, load resistors, etc. How can
Ceradot’s unique characteristics help solve your design
problem?

Subsidiaries

CTS of Asheville, Inc., Skyland, N.C.

CTS of Berne, Inc ., Berne, Indiana

CTS of Paducah, Inc., Paducah, Ky.

Chicago Telephone of California, Inc.,
South Pasadena, Calif.

CTS of Canada, Ltd., Streetsville, Ontario

CTS Microelectronics, Inc., Lafayette, Ind.

CTS Research, Inc., Lafayette, Ind.

CTS Knights, Inc., Sandwich, IIl.
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NEWS

New uses for medical ultrasonics reported

Stockholm meeting told ultrasound no risk to embryo
or pregnant woman; ultrasonic holography described

Richard N. Einhorn
News Editor

Ultrasonics, a technology usually
associated with the cleaning of
watches and dentures and the detec-
tion of leaks and imperfections in
materials, is assuming an impor-
tant role in a variety of medical ap-
plications.

At the Seventh International
Conference on Medical and Biologi-
cal Engineering, now in progress in
Stockholm, 17 papers are being
presented on ultrasonics—and only
one is on cleaning.

The conference is the largest of
its type ever held. More than 500
papers, authored by scientists from
over two dozen countries, are being
presented between Aug. 14 and 19.
To accommodate this activity, the
conference is divided into 40 spe-
cialized sessions, in addition to gen-
eral sessions. There is also an ex-
hibit of the latest equipment.

Significant advances in medical
ultrasonics reported at the confer-

ence include these:

® Imaging of the human body to
supplement X-rays in diagnosis.
The chief applications are gynecolo-
gy and obstetrics, since, according
to several of the speakers, ultra-
sound does not damage either the
pregnant woman or the embryo.

® Mapping and measuring tissue,
such as blood vessels.

® Detecting the sources and types
of headaches.

® Locating tumors within the eye.

® Recording heart valve action.

Various therapeutic applications
have also been tried. For example,
ultrasonic surgery is reported to be
used for clinical treatment of cer-
tain diseases—but not tumors, be-
cause it may cause malignancies to
spread. And, according to Dr. H. W.
Buschmann of Humboldt Universi-
ty, Berlin, who presented the gener-
al review of medical ultrasonics at
Stockholm, it may be possible to
move a detached retina back toward
its original position with ultrasonic

RECEIVING
AMPLIFIER
5 MHz
OSCILLATOR
z
DETECTING DETECTOR
TRANSDUCER DRIVER

FOCUSED LIGHT SOURCE

SUBJECT

WATER BATH

ILLUMINATING
TRANSDUCER
ACOUSTIC
HOLOGRAM
PLANE

FILM PLANE

1. Ultrasonic holograms are formed on film by light scanned mechanically
at same rate as detecting transducer. Nonlinear electronics are required for
mapping magnitude and phase of a coherent sound field.
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waves, and hence improve the pros-
pects for retinal surgery. However,
he cautioned, this method needs
further development.

The most promising application
of ultrasonics is said to be imaging,
including the production of ultra-
sonic holograms.

Frederick L. Thurstone, a scien-
tist experimenting with ultrasound
holography and reconstruction at
the Bowman Gray School of Medi-
cine, Winston-Salem, N. C., ex-
plains in his Stockholm paper®' why
there is a need for such techniques:

“The relative transparency of tis-
sue structure to sonic energy and
the reflectivity of soft tissue inter-
faces . . . have led to the develop-
ment of numerous diagnostically
useful imaging techniques.” This
means that the sound waves readily
pass through soft tissue, but there
is a distinct transition between
parts—even between two adjacent
tissue layers—because a portion of
the energy travels forward as one
wave through the second medium
while another portion is reflected
back into the first medium, usually
with a phase change.? Thus the ul-
trasonic imaging of body sections
provides good contrast of hard and
soft tissue and no risk to patients.

Ultrasonic holograms tried

However, Dr. Thurstone reports
that the characteristics of ultrason-
ic transducers limit the resolution
of images, and that conventional
scanning systems present only a
cross-sectional image of the subject.
This, he says, led him to investigate
three-dimensional imaging.

Dr. Thurstone devised for experi-
mental purposes a mechanical scan-
ning system (see Fig. 1) that gen-
erates optical transparencies which
are holographic reconstructions of
sonic fields. The ultrasonic holo-
grams could be illuminated with
quasi-coherent light in the visible
spectrum to produce three-dimen-
sional images of the object.

As shown, a 5-MHz electrical out-
put from the oscillator drives a pie-
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Even the biggest 1C order you give us
is made in small pedigreed batches.

Mistakes don’t get far at Sylvania. By making
ICs in small batches and logging their perform-
ance on charts that follow them through every
step of production, we spot trends and make cor-
rections early. You get reliable ICs, on time.

To assure reliability, vendors’ materials must
pass stringent tests. Parts made within Sylvania
must pass the same tests.

For reliability, processing areas are designed
to eliminate contamination. Ceilings, floors and

furnishings are impervious to dirt. Temperature,
humidity and air are precisely-controlled.

We've virtually eliminated damage to chip
substrates, metallizations and bond wires with
mechanized handling equipment. And to make
certain we achieve reliability, every IC must sur-
vive 1009, testing in 12 steps during production.
And 1009, testing again at the very end.

Sylvania Semiconductor Division, Electronic
Components Group, Woburn, Mass. 01801.

SYLVANIA

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS GVI&E



NEWS

(ultrasonies, continued)

zoelectric transducer, which is im-
mersed in a water bath. The acous-
tical output of the transducer
propagates in a narrow beam
through the water and strikes the
subject that is being recorded—a
biological specimen, for example.
(Ultrasonics generally requires a
liquid medium because the losses in
air would be too great.) The sub-
ject passes, absorbs or reflects the
sonic energy, depending on its na-
ture. The amount of absorption of
ultrasound goes up with frequency.

A detecting transducer, which is
also immersed in the bath in order
to avoid diffraction effects at the
air-water interface, is scanned me-
chanically at a constant rate
through a two-dimensional plane
that represents the plane of the son-
ic hologram in the sound field. This
transducer has a very narrow aper-
ture to give a good approximation
of coherence. The mechanical scan-
ning rate is completely independent
of the oscillator frequency.

The electrical output of the de-
tecting transducer is fed to an am-
plifier which has as its second input
the direct output of the oscillator. A
phase difference always exists be-
tween the two inputs because of the
delays imposed in the water bath.

Since the subject lies in the acoustic
path, its properties affect the mag-
nitude and the phase difference.

The reference signal applied di-
rectly to the amplifier is analogous
to a plane wave field in the water
bath impinging directly on the
plane of the sonic hologram with a
normal angle of incidence. This is
similar to the function of the refer-
ence beam in ordinary holography
using a laser for illumination, so
that an interference pattern is gen-
erated. The output of the amplifier
is used to control the intensity of a
focused light source through a non-
linear system.

The light source, which has a
narrow beam, is driven at the same
rate as the detecting transducer, to
which it is mechanically coupled. It
scans a photographic emulsion
placed in its path. In this way, the
magnitude and phase of a quasi-co-
herent sound field are mapped into
the photographic material to give a
three-dimensional picture of the
subject. The ultimate resolution of
the optical image is said to be com-
parable to the sonic wavelength.

Ultrasonic holograms could be
especially useful in analyzing tissue
that is not highly differentiated,
such as layers of muscle, he says.
Dr. Thurstone hopes to experiment
on animals in the coming academic
yvear, and emphasizes that his re-
sults are only preliminary, and that
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2. Electronic sector scanning is used to give two-dimensional image of tissue.
Steerable array of transducer elements gives directionality.
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he does not foresee immediate medi-
cal applications.

Progress has been made in up-
grading more conventional methods
of diagnostic ultrasonics, too. Ac-
cording to scientists from the
United States, the Netherlands and
West Germany, the one-dimensional
A-scan method is common in many
hospitals because it requires rela-
tively simple equipment. However,
they point out that B-scan tech-
niques, which give two-dimensional
images, should be able to provide
better information on soft biologi-
cal tissue because the clinician
would be able better to identify the
part of the anatomy he is seeing.

Imaging uses sonar principles

A Duteh scientist, J. C. Somer of
the Institute of Medical Physics
TNO in Utrecht, says that previous
attempts to implement B-scan ul-
trasonics generally involved a mov-
ing probe.? The movement of the
transducer is by means of transla-
tion (ordinary B-scan), rotation
(sector scan) or a combination of
the two (compound scan). He says
that all of these have the following
disadvantages:

® In contrast with A-scan, it is
not possible to find the best position
of the probe for every line in the
picture.

® Acoustic  coupling between
probe and issue is erratic, especially
when a water bath is not used.

The result is that the pictures are
difficult to interpret and reproduce,
he says. This is especially disadvan-
tageous in examination of the
brain.

He proposes as a solution a two-
dimensional scanning technique
without moving probe. His ap-
proach draws upon the array tech-
niques of radar and sonar, in which
many small elements are used in-
stead of a large single element.
Somer’s elements are individually
steerable, so that he has found it
possible to generate ultrasound
pulses in arbitrary directions with-
in a sector.

The array consists of 21 ele-
ments, each 0.5 by 10 mm, arranged
side by side to form a strip 11 by 10
mm (see Fig. 2). The elements reso-
nate at 1.3 MHz.

Each element is fed by its own
local oscillator, which is gated on
and off by a monostable multivibra-
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HLSIBASES
New COMPOSITE

SUBSTRATES

AlSiBase Composite Substrates bury metal patterns
in a monolithic high-alumina ceramic and provide
ready access from any level to any other level.
Planes can be stacked one on top of the other
with each plane hermetically sealed. This gives
far greater concentration in the same surface area
since conductors can be very short or can cross
over and under each other without destroying
electrical integrity.
Advantages include:

* Circuit space savings.

* Device areas can be closer together.

e Short electrical paths are faster and have
less resistance.

* Conductors may cross over and under each
other.

* External wiring minimized.

* Provisions for discrete devices can. be incor-
porated in design.

* Interconnections wherever desired.

* Maximum reliability and stability.

* Excellent heat dissipation

* Any number of levels or planes of tungsten
or molybdenum metallized patterns.

* Fine line precision metal patterns as narrow
as 4 mils on 8 mil centers can converge
about the chip area.

® line resistance down to 10 milliohms per
square or better is often possible.

®* Each plane separated by HIGH alumina ce-
ramic.

® Thickness of insulating planes can be from
002 to .030".

®* Each plane hermetically sealed.

* Provision for hermetic sealing of device areas
or entire unit with mechanically sealed pins
or leads.

* Ability to plate exposed metallized areas to
facilitate chip attachment, wire bonding and
hermetic sealing.

Prototype production is available. Designers are
invited to explore with our Engineers the possi-
bilities of Composites for their requirements. Illustrations about actual size.

66th
PHONE 615 265-3411, CHATTANOOGA, TENN. 37405 A SUBSIDIARY OF COMPANY YEAR

CODE IDENT. NO. 70371 American Lava cnrpuration m 4

OF

For service, contact American Lava representatives in Offices of Minnesota Mining and Manufacturing Company in these cities CER
(see your local telephone directory): Boston: Needham Heights, Massachusetts * Chicago: Glen Ellyn, Illinois * Cleveland, Ohio AMIC
Dallas, Texas * Laurens, S.C. * Los Angeles, Calif. * Metropolitan New York: Ridgefield, N.J. ¢ Up-State New York and | LEADERSHIP
Canada: Baldwinsville, N.Y. * Orange, Conn. * Philadelphia, Penna. * Roanoke, Virginia * St. Louis: Lee’s Summit, Missouri

So. San Francisco, Cal. * Troy, Mich. * 3M International: c/o American Lava Corp., Chattanooga, Tenn. 37405, U.S.A., 615/265-3411
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I
N Modular
Integrated Circuit

Digital-Analog
Converters

Visit Us WESCON
Booth Nos. 2209-2210

% ”

Lt

D/A/D Series is a group of compati-
ble integrated circuit modules for
Digital-to-Analog and Analog-to-Digi-
tal Conversion Systems. MODEL
RM—2734 is a Jam Transfer Stor-
age Register for up to 12 bits. On
strobe command it will accept and
store numbers. MODEL RSN—2698
is a Switching Resistor Network and
Reference Source. It can be switched
by micrologic input levels and pro-
vides output binary weighted cur-
rents to a summing point. MODEL
AM—2612 is a Combination of Two
Operational Amplifiers with Feed-
back Networks for converting cur-
rents from RSN—2698 to output
voltages. The use of operational am-
plifiers provides a variety of output
ranges at low impedance.

e

2%s"
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NEWS

(ultrasonics, continued)

tor. All 21 multivibrators are trig-
gered simultaneously by a clock
pulse from the main oscillator. The
output pulse of each multivibrator
can be varied individually by means
of a control voltage. Somer derives
the control voltages from a voltage
divider which routes individual
voltages from a voltage source to
the 21 multivibrators.

The control voltages set the pulse
widths of the multivibrators. Since
the local oscillators are gated on
when the multivibrator pulses end,
the pulse width determines the
phase of the corresponding element.
The voltage-dividing action in effect
controls the direction of the sound

beam. The array has a linear phase
taper, and a sector is scanned by
varying the main control voltage.
The time intervals (hence phase
differences) between the sonic
pulses of adjacent elements are con-
stant, but have different values for
different directions.

The echoes are received by the 21
elements in the array, which are
connected to taps of a delay net-
work. This network consists of
fixed and electrically variable delay
lines that compensate for the time
intervals with which a wave front
arrives at the various elements.
Therefore, the variable delay lines
are controlled by the main control
voltage. The echoes are received di-
rectionally in order to optimize an-
gular resolution of the system.

The echoes are displayed at the

(continued on p. 52)

LUMINESCENT
SCREEN

PARABOLOID
MIRROR

III\ ULTRASONIC

TRANSMITTER
MODEL DAC-10.c shown above is one
of the many configurations in which
the D/A/D Series Modules can be
combined. It accepts 10 bit strobed
parallel binary input in 1 microsec-
ond slew time.

MODEL DAC-12ic accepts 6, 7, 8, 9,
10, 11 or 12 bit strobed parallel

binary inputs. TRANSMITTER

PULSE

PASTORIZA

385 Elliot St., Newton Upper Falls, Mass. 02164 3. High-image-rate B-scanning is used for medical diagnosis. Ultrasonic scan-
(617) 3322131 ning beam is displaced by rotation of directional transmitter.
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Service beyond
the call of duty

Those red and yellow ones at the left. They're for action,
beyond the call of duty on a computer application. The little
round one in the middle. Fighting at close quarters on a panel.

The next two rows were on machine tools, office machines, guidance
control and a few other items. 5 )
We put the whole Licon® lighted switch = e ”
story in a book. It looks like this. swienes | Request your copy

Join jorces with LICON ...
jastest growing jull-line switch supplier

114 LICON

1 W DIVISION ILLINOIS TOOL WORKS INC.
6615 WEST IRVING PARK ROAD — CHICAGO, ILLINOIS 60634

“Remember, you're never more than o few feet away from o product of ITW® ®

Jol
£ LICON...the fastest ||
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Microwave Drive Power

Tung-Sol Electron Multiplier Tubes employ secon-
dary emission multiplication to provide power suitable
for driving microwave devices such as traveling wave
tubes, lasers and hydrogen thyratrons. Operating BaEs SRRt D TIOR A
4l . ) Peak Pulse Output Voltage 1000v 600v 50v
from negligible input power, the tubes produce a posi- Peak Pulse Output Current 4A 4A 1A
tive or negative-going peak output pulse of up to 1000 Pk Folee Qutput Fomer Ay A s

Average Output Power 40w 24w
volts at 4 amps. Output rise time is less than 10 nano-
seconds. Total delay is under 20 nanoseconds. Write ®
for complete information. Tung-Sol Division, Wagner Tu N G'sol
Electric Corporation, One Summer Avenue, Newark, ELECTRON MULTIPLIER TUBES
New Jersey 07104. ®REGISTERED TRADEMARK WAGNER ELECTRIC CORPORATION
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Our L.C. digital modules reject
more noise than anybody’s.

Integrated flip-flops, inverters
and buffer amplifiers in T
Series modules are made to
“.our proprietary design and
hermetical-
ly sealed
in TO-5

T Series input and load re-
sistors, made to much tighter
tolerances than can be at-
tained with integrated com-

L0v91t ON ASSY

ponents, are mounted out-
..... A1 : L side the integrated cir-
cuit containers,
eliminating
power dis-
sipation

problems.

_cans,

- Full-width copper ground
plane sandwiched between
epoxy-glass boards mini-
mizes circuit inductances and
discourages noise spikes.
Mounting cases also have
full-width shield planes to
retard noise coupling

between logic wiring.

Discrete input diodes enable
us to place the switching
threshold right in the middle
of the logic swing.

LOGIC 4

+2.5v4, § UNCE RTAINTY
+1.5v4 BAND
OV JLOGIC O

Clrcuxt output may change s(atg
T Series logic levels are 0 and +4 volts,
and noise rejection is 1.5 volts minimum,
leaving a maximum uncertainty band
only one volt wide within which noise can
trigger the circuit output. This uncertainty

band of 25% is far
narrower than those
of other I.C. mod-
ules on the market.

Scientific Data Systems,
Santa Monica, California
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Back in 1964 we told you:

This is a super/reg™ synthesized zener diode.

It enables you
to build a precision
power supply
in minutes using
any DC
power source.

Typical super/reg zener imped-
ances of 2 to 8 millichms—lowest
ever yet achieved—makes possible
01% regulation and .5mv ripple.

Voltage-adjustable as much as

75 watts dissipation rating, 50%

higher than any other available

zeners.
Looks, mounts like any other

diode. Standard TO-36 case.

*10%, as small as a milli
with no derating or degradation.
The “third terminal” lets you trim
the output.

- L ’
patent-pending design. Suitable for

MIL applications.
‘Write or call for complete data
and ion bulletin.

01%/°C
sation at high power levels; !Mr
mal stability 100-times greater
than that of the standard zener.

Zener voltages from 5.6 to 56 V.,

Semi-conductor Division, Trio
Laboratories, Inc, Dupont St,
Plainview, L. I, N. v.

(516) OVerbrook 1-0400

superreg

D, NG,

suppLIES

Now there are 104 super/reg-
instant answers to your
power regulator needs.

We figure if you’ve got something good, why
stop there. Why not go ahead, expand the line, and
give designers practically unlimited capability.

And that’s what we’ve done — 104 times. No-
body else comes close.

Super/regs come in shunt and series versions.
Just-connect rough DC from whatever source you
have — semi-filtered, half-wave rectified trans-
former output, or even a battery — you get instant,
precision DC power where you need it: at the load
itself.

Super/reg precision miniature regulators are
uniquely designed for maximum heat transfer and

power - handling capability. Ultra-compact config-
urations provide maximum flexibility over a wide
range of voltage levels. Point-of-load installation
eliminates distribution-line losses and cross-talk.
Write for complete data sheets and applications
bulletins.
We've got 104. And if the mail is slow, we may
have 105. ®
superreg
Trio Laboratories, Inc.,
Plainview, L.I.,N.Y. 11803.
Tel:(516)681-0400.

New Ideus in Power Sourzes from
— . ®
\ t o | 01(1 l) \
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Broad range of plug-in signal conditioners
matched to the standard GPO galvos

Use either roll or fanfold paper in the GPO

(Above) Front panel zero adjustments sim-
plify operation. (Below) GPO is light in
weight and easy to carry or store.

Now...less than*1,000
buys a complete light beam

oscillograph recorder

We've just made design breakthroughs that have enabled us to cut oscillo-
graph costs in half without sacrificing performance. The resulting new
instrument is easier to operate, easier to set up, and easier to read than
any previous oscillograph.

The new Century Model 460 GPO (general purpose oscillograph) is a
two-channel light beam recorder that is competitive in price with high-
quality pen-and-ink or hot stylus recorders . .. yet it will record high-fre-
quency phenomena flat to 2000 Hz.

The GPO is expandable to six channels simply by adding an optional
magnet and galvanometer assembly. Cost-per-channel goes down, of course,
as the number of channels is increased.

Many design refinements — such as frontpanel zero adjustments and
adaptability to fanfold paper — make the GPO more versatile and easier
to use as well as more economical. High quality construction is assured
since the unit is backed by one of the industry’s leading manufacturers.

Get your free copy of the illustrated brochure which describes this
revolutionary new oscillograph. Circle 248 on the Reader Service card . . .
or write us direct!

*Complete with two galvanometers, two Model 567B signal conditioners,
grid, and timing.

See the GPO at the Wescon Show. Booth number 3104A

CENTURY

ELECTRONICS & INSTRUMENTS, INC.
A SUBSIDIARY OF CENTURY GEOPHYSICAL CORPORATION
6540L East Apache Street - Tulsa, Oklahoma 74115
Phone: (918 TE 5-9951 -+ TWX 918-923-3407
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YTTRIUM

AND
RARE
EARTHS
High purity

oxides, metals,
salts

from the world's

largest
ion-exchange
facility

APPLICATIONS:

Phosphors
Electronic Ceramics

High Temperature
Refractories

Ceramic Control
Materials

Metallurgy
Coloring Agents
Permanent Magnets
Lasers
Catalysts
Glass, Lenses
Metal Halide Lamps

Like technical data on
any of the above oxides
or metals? Write, wire
or call us about your
specific interest.

MICHIGAN

CHEMICAL
CORPORATION

™

RARE EARTH SALES

2 North Riverside Plaza

Chicago, Illinois 60606
312-263-0580

Copyright 1967 by Michigan Chemical Corporation RE-67-1
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(ultrasonics, continued)

appropriate places on a cathode-ray
tube. For synchronization purposes,
the time base generator is under the
control of both the main oscillator
and the main control voltage. In the
present design, the system scans 30
times a second. Each scan is con-
structed from 32 different beam di-
rections within a 90 degree sector.
Thus both instantaneous and con-
tinuous pictures are derived with a
stationary transducer.

Somer says he has obtained good
pictures of simple reflecting objects
immersed in water. He points out
that other scientists have recently
reported useful diagnoses from me-
chanical sector scanning of the
heart and brain. He predicts that by
modifying his equipment to im-
prove the beam shape and to sup-
press undesirable side lobes he
should be able to get far better re-
sults with his electronic sector-
scanning technique.

Tumors displayed ultrasonically

Two West German scientists at
Stockholm report on another meth-
od of applying sonar principles to
B-scan ultrasonic imaging to elim-
inate the time-consuming image
buildup of conventional imaging.
W. E. E. Krause and R. E. Soldner
of Siemens AG, Erlangen, say that
for the first time it is possible to
display ultrasonic sections of the
human body in short time intervals
and in rapid sequence, so that it is
possible to observe not only sta-
tionary conditions in real time, but
also kinetic processes. They brought
a photograph of an ultrasonic view
of the abdomen of a woman suffer-
ing from a tumor. In the photo-
graph the skin, fatty tissue, muscle
and tumor stand out.*

Their method, too, takes advan-
tage of the fact that sonic energy is
reflected from each tissue interface
through which the beam passes.
The reflected echoes are converted
into electrical pulses which are dis-
played on a cathode-ray tube as a
brightness-modulated potential. The
pulses form the image points of
a vertical line on the screen that is
traced in about 200 ps. This interval

corresponds to a penetration of
about 150 mm in soft tissue. The
horizontal deflection of the electron
beam is synchronized with the lat-
eral displacement of the ultrasonic
scanning beam and has a sweep
time of approximately 70 ms. The
picture frequency is about 15 Hz,
just high enough to give the illusion
of a stationary image.

About 140 vertical lines are
traced for each image. The cross
section is about 14 em wide by 13
cm long. Rapid lateral parallel dis-
placement of the ultrasonic scan-
ning beam is achieved by means of
a rotating ultrasonic directional
beam transmitter in conjunction
with ultrasonic mirror optics. As
shown in Fig. 3, the transmitter is
positioned in the focal path of a cy-
lindrical paraboloid mirror. The
transmitted sonic energy is reflect-
ed as a beam that is displaced later-
ally in a parallel manner. The echoes
follow the same path, but in the
opposite direction. The transmitter
and the mirror are immersed in a
water bath. The vessel containing
the water is sealed by means of a
plastic foil; the patient is coupled
acoustically to this foil by a thin
film of oil.

Krause and Soldner say that with
this method it is possible to deter-
mine the position of the embryo and
placenta in the uterus, the size of
the infant’s head and the presence
of twins at an early stage. They es-
timate that the output has a mean
ultrasonic power density of 10
mW/ecm2, a safe figure.

Three reports concern the use of
Doppler-shifted ultrasound. One is
on the measurement of blood pres-
sure, another on the condition of
blood vessels and a third on the lo-
cation of clear scanning paths. = =

References:

1. F. L. Thurstone, “Three-Dimen-
sional Imaging by Ultrasound Holo-
graphy,” Digest of 7th International
Conference of Medical and Biological
Engineering, (Stockholm, Sweden:
Organizing Committee of 7th ICMBE,
1967), p. 313. (Copies are available
from Almqvist & Wilksell, 25 Gamla
Brogatan, Stockholm 1, for 95 kronor.)

2. Benson Carlin, Ultrasonics (2nd
ed.; New York: McGraw-Hill Book
Co., 1960), p. 9.

3. J. C. Somer, “Electronic Sector
Scanning for Ultrasonic Diagnosis,”
Digest 7th ICBME, p. 314.

4. W. E. E. Krause and R. E. Sold-
ner, “Ultrasonic Imaging Technique
(B-Scan) with High Image Rate for
Medical Diagnosis,” Digest 7th
ICBME, p. 315.
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STOP BEING REJECTED

Achieve zero defects. Mail the coupn and find out.
Use Plaskon® Epoxy molding compounds.

And minimize outgassing problems, even on

5 i . llied Allied Chemical, Plastic Division
the toughest, most exacting molding job. ¥ micul Post Office Box 365, Morristown, N. J. 07960
Since system and component applications of Gentlemen:

epoxies operate in heat environments, outgas-
sing is a critical factor. Outgassing can cause

Please send me complete information on Plaskon Epoxy
Molding Compounds. 1 would also like technical data on the
following thermoset molding compounds.

deposits to build up, which in turn cause failures. (] Diall DAP
Plaskon Epoxy moldmg compounds over- [] Plaskon Alkyds  [] Plaskon Amino Compounds
come this. Make your molding runs easy. Sim- Name

And here’s something else of interest. We

; Company
also carry a complete line of thermosets: Plas- S
kon, Diall® DAP, alkyd, and amino molding i L v

I
|
|
ple. Sure. So call Allied. Stop those rejects. | Title
I
|
I
|

compounds. One of them is sure to have the
technical specs that makes it right for your job. APPSR A N SRR DA TAIENE RO




At whatever stage of your project you need
a cabinet, your most reliable choice is EMCOR®

When you start designing your system,
it’s also the right time to think EMCOR
cabinetry. Think how beautiful and
precise the final package will look—
and plan ahead.

But if time becomes vital, let EMCOR
watch the clock for you. We've
stepped-up production facilities to the

EMCOR | distinguished cabinetry

point where we can meet time dead-
lines head-on, and give you the same
superb cabinetry in very short order.

If you have time to plan ahead and
order early, great. If you need quick
service, just ask us at EMCOR.
Or call your local EMCOR Sales and
Service Engineer listed on the right.

Albany: 436-9649; Albuquerque: 265-7766; Alex-
andria: 836-1800; Atlanta: 939-1674; Baltimore:
727-1999; Binghamton: 723-9661; Bridgeport:
368-4582; Chicago: 676-1100; Cleveland: 442-
8080; Dallas: 631-7450; Dayton: 298-7573; Del
Mar: 454-2191; Denver: 934-5505; Detroit: 357-
3700; Fort Lauderdale: 564-8000; Ft. Lee (No.
N.J.): 944-1600; Ft. Walton Beach: 243-6424;
Houston: 526-2959; Huntsville: 539-6884: Indian-
apolis: 356-4249; Kansas City: 444-9494; Los An-
geles: 938-2073; Minneapolis: 545-4481; New-
port News: 245-8272; N.Y.C. area: 695-0082; Or-
lando: 425-5505; Palo Alto: 968-8304; Philadel-
phia: 242-0150; Pittsburgh: 884-5515; Phoenix:
273-1673; Rochester, N. Y.: 473-2115; St. Louis:
647-4350; Seattle (Bellevue): 454-5224; Syracuse:
471-7274; Tulsa: 742-4657; Utica: 732-3775;
Valley Forge (So. N. J.): 265-5800; Wilming-
ton, Mass.: 944-3930; Winston-Salem: 725-5384.
EMCOR Reg. U.S. Pat. Off. wia e s

Ingersoll Products 1025 west 120t st Chicago, lllinois 60643  DIVISION OF BORG-WARNER CORPORATION
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electronic
equipment
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First full-range™

- DC Voltage Calibrator

with .01% accuracy for under *1000 -

#Output voltage ranges:

QOutput current capability:

Cohu’s new Model 324!

10-VRange: 010 11.11110 volts (10 .V steps)
100-V Range: 0t0 111.1110 volts (100 ..V steps)
1000-V Range: Ot01111.110 volts (1 mV steps)

0 to 25 milliamperes nominal at any voltage setting.

Accuracy: 0.01% of setting.
Stability:  Within 30 PPM for 24 hours, 50 PPM for 30 days.
Dimensions: Cabinet: 10%2” W x 5%” H x 15%2 D.
Rackmount: 19” Wx 5%” H x 15%2 D.
Price: Cabinet (324): $995. Rackmount (324R): $1050.
F.O.B. San Diego. Additional export charge.
Delivery: Immediate, from stock.

For full details, contact your Cohu engineering representative.

Cohu is looking for design engineers (in this area)
with a degree. If you are interested, write to R B T il inyee  Box 623

Chief Engineer J. L. Kimball in San Diego. g - San Diego, California 92112
Phone: 714-277-6700 See us at Wescon, Booth 3001.
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up or sideways.

Stake AMPMODU* posts to P. C. boards. Solder or
wire by automation. Mount receptacles in any
position, vertical or horizontal, even in

a housing or crimped to a wire. Plug modules
together. Test. Examine. Replug. Utter simplicity.
For computers, TV, electronic organs, military
electronics, industrial controls—anyside up—
anywhere circuit modules need stacking.

*Trademark of AMP Incorporated

PUT YOUR IDEAS INTO ACTION WITH THE HELP OF AMP ENGINEERING... WORLDWIDE. ‘ \M I
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STANDARD
FREQUENCY
RECEIVERS

FREQUENCY STANDARDIZATION TO THE
NATIONAL BUREAU OF STANDARDS

Model 7-60 Time Code Receiv

Round The Clock WWVB 60 KHZ Binary Time
Code Broadcasts + Most Accurate Time Signal
Available + Can Be Recorded Continuously

Radio Station WWVB is broadcasting complete
time information using a level shift carrier
time code (10 db level changes). This code,
which is binary coded decimal (BCD) is
broadcast continuously and is synchronized
with the 60 khz carrier signal. $480.00

60 KHZ

Model T-60A Rack Model (3%;” Hx 19”7 Wx 5” D)

59

Model SR-60 Price: $850.00
Model SR-60. WWVB-60 khz. Will calibrate
any local standard up to 5-10'° within a
short period. Can be easily operated by any
technician and performs in any part of the
Continental United States.

Model SFD-6R Modular Construction:
A complete system for distribution of stand-
ard frequency throughout a plant. All solid
State — fail safe — reasonably priced. Price
depends upon Modules selected ($90.00
each). Several Modules available.

g_%*

Model WVTR Mark 11 All Silicon Transistor
Five different models of Receivers for WWV
and WWVH are available. They receive all
frequencies transmitted by WWV and are
all crystal controlled double conversion
superheterodyiies. $590.00

Special Antenna Assemblies for
both VLF and HF._are in stock.

Model WWVT $590.00

Mark 11
All Silicon Transistor .
Over All Size ‘
71/4"X91/2”X5” g ...’.‘ ok

Model 45 $98.50
A pocket size bat-
tery powered Time
Base Calibrator,
complete with in-
ternal battery.

Send for complete specifications. Prices and speci-
fications subject to change without notice. F.0.B.
Woodland Hills, Calif.

SPECIFIC PRODUCTS

P.0. Box 425 / 21051 Costanso Street
Woodland Hills, California
Area Code: 213 340-3131
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Quartz disk detects powerful microwaves

A virtually burnout-proof quartz
disk able to rectify and mix higher-
power microwave signals than con-
ventional semiconductor diodes has
been developed in a U.S. Air Force
laboratory.

Two scientists in the Microwave
Physics Laboratory of the Air
Force Cambridge Research Labora-
tories, Bedford, Mass., demon-
strated that a 0.1-mm-thick (0.004
inch) quartz disk has a burnout rat-
ing more than three times higher
than a crystal diode.

The developers, Dr. Paul H. Carr
and Andrew J. Slobodnik, Jr., have
used the disk to absorb more than
30 ergs of input energy. The 1-watt
input signal was square-wave mod-
ulated. The disk, mounted in a tun-
able resonant cavity, has a diame-
ter of about 1/4 inch.

The piezoelectric quartz disk has
a practical application in monitor-
ing the performance of transmit-
ters, according to Dr. Carr. He said
that considerable attention must be
given to handling and using diodes
to prevent their burning out. Burn-
out is likely to occur when input
power is about a tenth of a watt.
He added, however, that the sensi-
tivity of the quartz disk is much
less than that of a diode.

The researchers evolved the tech-
nique during studies of the nonlin-
ear microwave acoustic properties
of dielectrics such as quartz. They

METAL

| caviTy
) /

PREAMPLIFIER

QUARTZ DISK

BASE PLATE
~3Hz
INPUT INSULATORS

Thin quartz disk is microwave recti-
fier in Air Force experiment. Modu-
lated signal is introduced into re-
entrant cavity and dc output appears
across disk. It can withstand higher
rf power than semiconductor diodes.

found that the output frequency de-
pends on the disk surface quality
and, if it is too rough, there will
be no acoustic resonance.

In their experimental setup a
quartz disk with a resonant fre-
quency of about 29 MHz was locat-
ed in a 3-GHz tunable reentrant
cavity. Dr. Carr said that a dec volt-
age is produced across the disk by
the radiation pressure or Maxwell-
Faraday stress, nonlinearities in
the material coefficients, and ther-
mal effects.

The modulation envelope of the
voltage across the disk, he says, is
capacitively coupled to the two in-
sulated halves of the cavity. Voltage
is measured across these electrodes.

In order to obtain the largest rec-
tified voltage, Dr. Carr said that the
optically polished X-cut disks must
be excited at an overtone acoustic
resonance frequency. This, he said,
occurs when the microwave fre-
quency is an odd multiple of the
fundamental acoustic frequency of
the disk. He says that this property
may be of use in microwave fre-
quency-control applications.

The scientist said that the sensi-
tivity of the disk is measurable in
millivolts for each watt of input
power. He predicted that 1 volt de
would be obtained if the input sig-
nal had a 1000-watt peak with a
2-microsecond duration, assuming a
duty cycle of about 0.001.

Both researchers have also dem-
onstrated that the piezoelectric
disks permit mixing higher-power
microwave energy than is possible
with diodes. When a disk is used in
a reentrant cavity excited by two
separate microwave sources, an in-
termediate frequency is obtainable.
Dr. Carr said that maximum output
is observed when the difference in
the frequencies of the two sources
equals the fundamental frequency
of the quartz disk. The bandwidth
obtained when the disk with the 29-
MHz fundamental frequency was
used varied between 10 and 40 kHz.
Dr. Carr said that the mixers may
be of use in high-power radar sys-
tems, to eliminate the elaborate
switches and attenuators used at
present. m =
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v Active
Passive

< )

T s
‘ Here's the complete answer to your Filter problems!
B | Our total filter capability means one source for all of your
‘ filter needs.

Operational Filters are NEW; the most versatile,
easiest-to-use active filter modules ever produced. Low

ﬂ Pass, High Pass, Band Pass (Q’s to 500) and jw Axis

zeroes . . . all available from 100 Hz to 20 KHz.

Our new line of Active and Passive Telemetry Filters give
you advantages you can't find anywhere else.

Active IRIG Channel and VCO Filters are the smallest in
the industry; less than 0.5 cubic inches!

Passive Telemetry Filters maintain the highest standards
obtainable, yet are the most economical you can find. “‘\

Write or phone for complete information.
Western Microwave Laboratories Inc.
1045 DiGiulio Avenue/Santa Clara, California 95050/(408) 241-6302/TWX 910-338-0032

Come see these units and get our Brochures and Applications Notes at Wescon Booth 3418.
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Sweep
500 HZ to
25 MHLZ.

One Unit Covers
Audio-Video Range

The VS-20 solid state sweep signal gen-
erator can be centered at any frequency
between 500 HZ and 25 MHZ and can
sweep anywhere within this range. The
sweep width is continuously adjustable
from 500 HZ to 25 MHZ. It is also pro-
vided with a CW output mode. RF output
is at least 1.0v rms into a 50 ohm load.
Flatness is #0.25 db at maximum sweep
width. Four sweep rate modes are pro-
vided: variable from 5 HZ to 60 HZ, 50/60
HZ line rate, manual sweep and external.
Options available are a calibrated varia-
bte marker which covers the complete
frequency range of the unit and the op-
tion of changing sweep rate range to 0.1
HZ to 10 HZ. Price: $995.00.

Specialists In Electronic Instrumentation

CAIC7?

CORPORATION

51 Koweba Lane
Indianapolis, Indiana 46207
Ph. (317) 632-7351
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NEWS

Reading machine spells out aloud
to the blind at 80 words a minute

A research version of a machine
that can read aloud to a blind per-
son from an ordinary printed page
has been implemented by three
scientists at the Massachusetts In-
stitute of Technology. They predict
that, when perfected, the reading
machine will give the blind access to
almost everything in a library, in-
cluding newspapers and periodicals,
instead of only Braille and talking
books.

The device discriminates individ-
ual characters and spells them out
at an average speed of approximate-
ly 80 words a minute, according to
D. E. Troxel, F. F. Lee and S. J
Mason of MIT’s Research Labora-
tory of Electronics. This rate is said
to be comparable to that of Braille
reading.

The system includes a document
handler, a flying-spot opaque scan-
ner, a special-purpose digital sys-
tem known as a scanner controller,
a data link to a medium-sized gen-
eral-purpose digital computer, dis-
plays with which a sighted person
can make adjustments of focus and
threshold, and an audio system.

An oscilloscope, which has deflec-
tion voltages supplied by the
scanner controller, serves as the
light source for the opaque scanner.
A dot of light from the cathode-ray
tube is beamed onto the paper by a
single lens, and the diffuse, reflected
light is collected by two photomulti-
plier tubes. The beam is gated on
and off when it is desired to inter-
rogate the material. The absence of
signal from the photomultiplier
tubes indicates that a particular
spot on the page, as specified by the

oscilloscope deflection voltages, is
blank.

Once the machine has been ini-
tially adjusted, the blind person be-
gins to ‘“read.” Under computer
command the material is scanned,
and the base and mid lines of a line
of text are established as a refer-
ence for character discrimination.
Next, the first letter of text is ac-
quired, its contour is traced and a
list of edgepoint coordinates is fed
to the computer. Then the quad-
rants in which the character lies
are mapped. Finally the computer,
using both the height with respect
to the mid and base lines and the
horizontal extent of the contour,
searches a code table, which is a
summary of the machine’s previous
training.

The immediate applications of
the reading machine program,
which was supported by the Na-
tional Institutes of Health, Bethes-
da, Md., are:

® Development of character-rec-
ognition algorithms.

® Determination of methods to
enable the blind person to make his
own adjustments.

m Investigation of alternative
output formats, such as Braille or
synthesized speech.

Prof. Troxel says he and his col-
leagues are devising algorithms
that will enable the machine to read
more than one type font, and per-
haps even typewritten material. In
tests, the machine typically per-
forms at better than 99.5% ac-
curacy. It is an improvement on the
PRM-1, an earlier MIT reading ma-
chine for the blind. = =

MIT reading machme for the blind has flylng spot scanner (left) that uses
oscilloscope as light source. It reads type aloud, one letter at a time.
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" ULTRAMINIATURE AND SUB-MINIATURE CONNECTORS
MAKE POSSIBLE HIGH DENSITY OF CIRCUITS IN LESS SPACE

From the depths of the sea (Polaris) to the outermost reaches of space (Apollo), U.S.C. Ultra Miniature
and Sub-MIniature connectors deliver reliability and versatility above and beyond the call of duty.

One of the reasons is the versatile U.S.C. standard and simulated closed-entry female contact that’s designed
for continuous reliability. Its unique flange assures positive re-entrancy of the male connector pin on each
insertion because the wider countersink on its upper end aids connector pin alignment. And U.S.C. UMI
and SMI four-slotted contact design minimizes any possibility of distortion, holds float between contact
and molded body to .005 in. maximum in any direction, when mated.

Also available: a fully proved military version of our closed entry contact type—the U.S.C. CSMI and CUMI
connector series; and RUMI, a new closed entry crimp removable contact type that offers full interchange-
ability with our UMI.

Whatever your sub-miniature and ultra-miniature connector needs are, advanced U.S.C. automated and
semi-automated production capabilities are geared to meet them from our stock of 3000 catalog types.
If custom-adapting to your spec’s is required, our engineers will be glad to assist you.

Write for U.S.C. SMI and UMI connector catalogs.

U.S.C. Established Reliability stands ready to serve you!

Actual Physical size
UMI-34-(approx. % Actual Physical size

that of SMI-34). SMI-34 CrOs Sectin B Slosadren
: @ flange &\\\\\ entry

o o CONtrolled entry female

; female contact . contact
SMI CSMI
UMi CUMI

U.S.C, Series
‘CONTACT SPACING
CURRENT RATING

U. 5. COMPONENTS, INC.

100
NO. OF CONTACTS V!
1 { il 1320 ZEREGA AVENUE ¢ BRONX, N.Y. 10462
VERSIONS il or use TWX: 710-593-2141: TEL: 212-824-1600
CONTACT DIA. TELEX: 01-2411: or Cable: COMPONENTS NYK.

VISIT US AT SAN FRANCISCO WESCON, BOOTH 5224
ON READER-SERVICE CARD CIRCLE 41
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E'M@ Circuit Design and Packaging Topics

[] General Radio relies
on IBM reed switches

[] Suppression circuits extend

reed switch life

[] General Radio relies
on IBM reed switches

General Radio Company, West Con-
cord, Mass., maker of test instruments,
demands the best for their customers
knowing that they can’t tolerate equip-
ment failure that will interrupt inspec-
tion or production routines.

That’s why IBM reed switches go into
General Radio’s instruments.

General Radio uses reed switches in
test instruments because they offer
lower contact resistance than transis-
tors, are smaller and more reliable than
conventional relays.

64

General Radio confirms through its
own vendor-component evaluation pro-
gram that IBM reed switches show zero
failures after 25 million operations.

GR’s Service Department claims they
can’t afford anything less since tests
prove that the IBM switch “just keeps
on going.”

As a result, General Radio relies on
IBM reeds in nine varieties of instru-
ments, including the GR 1680-A Auto-
matic Capacitance Measuring Assembly,
the 1770 Scanner Systems and four dif-
ferent models of Coherent Decade Fre-
quency Synthesizers.

[] Suppression circuits
extend reed switch life

The miniature dry reed switch pos-
sesses characteristics which make it
applicable to an extremely wide range
of low power switching applications.

The reed offers rapid response, low
actuate power, small size and a con-
taminant-free, adjustment-free contact
arrangement. All of this provides the
switching circuit designer with a highly
adaptable device for modern, low-
power, high density applications.

However, the construction of the
miniature reed, with its small air gap
and low-release spring force, makes it
more susceptible to failure from con-
tact degradation than any previous
common contact switching device. Ac-

cordingly, special precautions must be
taken when applying the miniature reed
switch.

IBM conducts a continuing study to
learn as much as possible about the rea-
sons for contact degradation. Once we
know why, we can take steps to prevent
it—and, in some cases, prolong switch
life by a factor of 10 or more.

What causes a reed switch to fail after
20-million cycles in one application
yet continue to function after several
hundred million cycles in another?

Failure in the reed switch can be
caused by material transfer which oc-
curs each time the contact makes or
breaks current. This material transfer,
plus any magnetic particles caused by
wear, form a mound in the contact area.
The mound eventually causes failure by
increasing the contact resistance or
bridging the air gap.

CONTACT VOLTAGE

MR .

4,

Typical unsuppressed tact voltag

Bridge transfer occurs whenever two
current-carrying conductors start to sep-
arate. The cross section of the contact
point becomes increasingly smaller, giv-
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ing rise to a constriction resistance that
serves to heat the area. This heating ef-
fect first causes the metal to melt form-
ing a bridge; then with further lever
separation, to boil causing the bridge to
rupture by vaporization.

fallacy to rely exclusively on volt-
ampere ratings in estimating contact
life. For any particular load condition,
contact life can be considerably ex-
tended through the use of suppressive
techniques.

VOLTAGE
RL
Voo AN I‘Iﬂ
=B [
T8 S VINITIAL
Typical R-C suppre k; Il suppr d

Another major process which causes
material transfer in reed switches is
arcing.

Arcing can occur both at the time the
levers are first closing and at the time of
the initial lever separation.

The arc on break is essentially the
result of thermionic emission. It is
caused by the heating of the levers,
which in turn causes increasing con-
striction resistance at the time of lever
separation.

The arc on make is caused solely by
field emission and does not necessarily
entail lever preheating. With open cir-
cuit voltages as low as 15 volts an arc
can occur.

I3M studies to date indicate that
major causes of contact degradation are
a function of load conditions. It is a

On request, we will send you a de-
tailed report on the design of typical
R-C suppression circuits which can

CURRENT

ﬂﬂl—gl

Current through A—contact suppressed.

TIME

maximize the life of your reed switches.
Proper suppression techniques create
new possibilities for circuit designers
where speed, size and power are in-
creasingly important.

Send in the coupon. IBM Industrial
Products Marketing, 1000 Westchester
Avenue, White Plains, New York 10604

1000 Westchester Avenue

name

White Plains, New York 10604

IBM Industrial Products Marketing Dept. T2

[J IBM reed switch specifications

[J] Suppression circuits extend reed switch life

pnniﬁnn

company.

address

city

state zip
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Letters

Bidirectional counter is completely. synchronous

Sir:

Most of Kay Smith’s comments
on my letter challenging his bidirec-
tional-counter design [“Bidirection-
al counter said to have serious
drawback,” ED 10, May 10, 1967,
pp. 46-50] are correct.

However, concerning the main
point I made, i.e., the possibility of
changing counting direction in a
reversible counter regardless of the
level at the Advance input if a syn-
chronous scheme is adopted, Smith
states that “a synchronous design
would not solve the problem, and
the only solution is to change direc-
tions while the Adwvance input is
low.”

It is true, as Smith writes, that I
did not give any details concerning
the carry from one decade to the
next. The purpose of this letter is to
fill this gap and to show that a syn-
chronous design does indeed solve
the problem.

Consider the reversible counter
circuit below. This is essentially the
same circuit printed and described
in ED 10, pp. 46 and 50. Only slight
modifications have been incorporat-
ed to obtain an inhibit input (/) to
the decade. When this input is made
high all the J and K inputs of all
flip-flops go high, so that the decade

is inhibited.
Now the carry function is taken
as; -

carry=F-Q,"Q, + R-Q,Q,Q4Q,.
This uses the opposite convention to
that of Smith’s original article
[“IC bidirectional counters cost
less,” ED 2, Jan. 18, 1967, pp. 58-
63], i.e., high = logic 1 and low =
logic 0.

In a complete reversible counter
made of several decades, the carry
from each decade must be connected
to the inhibit input of the next. All
decades, and hence all flip-flops,
have a common Adwance input, so
that the counter is completely syn-
chronous.

Clearly, with this scheme, chang-
ing the counting direction does not
affect any of the flip-flops, what-
ever the level at the Advance input.

Thinking about it, I should have
been smarter: had I submitted the
above solution as an “Idea for De-
sign,” I might have gotten twenty
buckstout: of it % o

S. Iannazzo
Applications Dept.
S.G.S. Fairchild
Milan, Italy

(ELECTRONIC DESIGN ¢is pleased to
send Mr. S. Iannazzo a check for

$20.00 for what indeed would have
been a fine Idea for Design.—Ed.)

The last word . . .
Sir:

It looks like Iannazzo has finally
come up with a decent design, five
months after my original design
was published [“IC bidirectional
counters cost less,” ED 2, Jan. 18,
1967, pp. 58-63]. Iannazzo’s second
design is indeed synchronous. Of
course, the price paid for a synchro-
nous design is increased cost, since
more logic is required compared
with my original design.

I would also like to note that Ian-
nazzo apparently has inadvertently
omitted to synthesize the carry
function. Also, his carry function
should be:

carry = F-ard + R-a-b-cd,
instead of :

carry = F-Q,'Q, + R-Q,Q.Q,Q,.
Kay D. Smith
Sr. Design Engineer

General Instrument Corp.
Salt Lake City, Utah

(Letters continued on p. 70)
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Synchronous 1-2-4-8 decimal counter changes counting direction accurately regardless of Advance input level.
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COMBINATIONS

(ONE OF THEM HAS GOT TO WORK FOR YOU.)

When we say our Trim Trio
has enormous application
potential, we're not kidding.
The combination of numbers
surprised us too. For any of our
three types of contacts—
sub-min coax, machined or
continuous formed strip—will
work in any of nine connector
blocks (14 to 152 positions).

In any combination.

And if you wanted to count
wire sizes, or figure the twisted
pairs our sub-min coax can

B iR
e i

> At .
Machined Sub-min Strip Twisted
Coax Hyfen Pair

accommodate, or leave some
contact holes open, the
possibilities would truly be
endless. Probably most of
them haven't been used yet.
Surely some of them will

l‘n

See more at
WESCON Booths 5344-6

solve your problems.

And Burndy can make your
installation problems easier,
too. Whether you crimp one at a
time on a hand tool or 3,000
per hour with a Hyfematic™ you
can count on built-in quality
control, save time and money.
For the full story and details
on the combination that will
work for you—from breadboard
to production—write for our
Bulletin MS67.

S BURNDY d

NORWALK, CONNECTICUT

INTERNATIONAL SALES HEADQUARTERS AND MANUFACTURING FACILITIES:
CANADA: Scarboro, Ontario /| ENGLAND: St. Helens, Lancs./ BELGIUM: Mechelen / MEXICO: Naucalpan de Juarez
BRAZIL: Sao Paulo/JAPAN: Tokyo/Sales Offices in Other Major Cities







BW, noncorrosive
onggarl RIN...
lough Silicone protection

Dow Corning® 3140 RT'V coating and

3145 RTV adhesive/sealant are designed to be used
in corrosion-sensitive equipment without harm to
delicate electronic circuits and components.

Both are products of new silicone technology.

Dow Corning 3140 RTV coating is ideal for
conformal protection of printed circuits . . .
encapsulation of circuits, components and
connectors. It is tough, translucent, self-leveling.
Clarity of the coating allows easy visual
inspection, identification, and faulty component
removal. Repairs in the coating are easily made
without loss of dielectric integrity.

Dow Corning 3145 RTV adhesive/sealant has
high cured strength . . . is opaque, nonflowing

. . . withstands long term exposure to
temperature of 250 C — to 300 C for short
periods. This tough material is excellent for
bonding wires and terminals, mounting resistors,
sealing electronic enclosures and providing a
flexible adhesive for glass, ceramics, plastics
and silicone rubber.

Dow Corning leads the way in making

materials for the job you have at hand. For
complete information on Dow Corning 3140 RTV
coating and Dow Corning 3145 RTV
adhesive/sealant, write Dept. 3921, Electronic
Products Division, Dow Corning Corporation,
Midland, Michigan 48640.

DOW CORNING

We're a materials producer exclusively. Let us tailor a material to your need.
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You cannot
ull the cahle

out of our Micon
Emlock connectors.

No tricks. Our claim is that it is
impossible to pull the cable out of one of
our Emlock® compression fit, miniature
connectors. Disengagement will be caused
only by failure of the braid, not pullout of
the compression. We believe this extra-
ordinary capability beats crimped type con-
nectors all hollow. Yes, and competitive
compression types, too.

Prove it to yourself. Have one of our
Technical Representatives call on you. He'll
attach any one of our stock Emlock® con-
nectors to a section of braided cable. Then,
as he holds the connector body with a
pliers, he'll hand you the chain nose, and
you pulll The assembly will break away,

Micon is now a part of

PHELPS DODG

of course. He will then disassemble the
connector and show you that there is still
enough wire trapped to prove that Emlock®
compression held and the braid failed!

Here's your chance to gain a new con-
cept in miniature connector reliability.
Remember, only Emlock® connectors offer
this basic capability and only we have
Emlock®.

Write for the name of our Technical
Representative in your territory. He'll
phone for an appointment and give you a
chance to prove it to yourself. While you are
about it, why don't you ask for Bulletin
MMC, Issue 1 describing the complete line
of Emlock® connectors?

LN
ELECTRONIC PRODUCTS {H’ééé“’\

NORTH HAVEN, CONNECTICUT \ | ¥ |/

Ne = o4
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LETTERS

(continued from p. 66)

How about publishing
technical ‘classics’?
Sir:

I read your editorial “It isn’t the
retrieval, it’s what you retrieve”
[ED 14, July 5, 1967, p. 59] with
much interest, particularly because
it hits very close to one of my pet
peeves. How many times does the
engineer reach into his file for in-
formation on a particular subject
and come out with not one, but a
half dozen articles on the subject,
none of which is comprehensive in
itself? The engineer must search
out a little information from each
of them for a complete picture.

I would like to invite ELECTRONIC
DESIGN to sponsor a new series of
articles, “classies” if you wish, on
the subject they treat. Let each arti-
cle be compiled from all known in-
formation about a particular sub-
ject and updated when the need
arises to include information gath-
ered from comments from readers.
By “updated when the need arises,”
I don’t mean simply publishing an
addendum or “Accuracy is our pol-
icy” type of thing. I mean repub-
lishing the entire article, so that the
engineer can throw everything else
he has on the subject away, con-
fident that the article is the best in
existence on the subject.

The subject treated need not be
revolutionary to be useful—just
having all the information on a sub-
ject published in a handy form is
sufficient reason for publication and
would be a welcome aid in informa-
tion retrieval. As an example, con-
sider the article published in the
November, 1964, issue of EEE by
Mr. Geffe on the subject of resistive
attenuators. This is one of the few
articles in recent years that I con-
sider a classic in its field. I do not
know of anything of usefulness to
add to Mr. Geffe’s article. When 1
need a resistive attenuator, this is
my sole source of reference. Unfor-
tunately, it is one of the few sub-
jects on which I am able to use a
single reference.

Trade journals have advantages
undreamed of by the textbook writ-
er in publishing this type of infor-
mation. Foremost among these is

(continued on p. 74)
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Let's make
waves!

EiD’s Function Generator makes any wave you want
a permanent wave.

As a general-purpose signal source, it's EiD more than
designed to make quite a splash: you P
get sinusoidal, square and triangular measures up.
waveforms — simultaneously. Frequency
is continuously variable from 0.005 Hz
to 1 MHz in eight ranges. And you get
dc offset controls.

Now, for a few interesting ripples. Se-
lectable, 30-volt output, with continu-
ously-variable level. (How's that for flex-
ibility?) All outputs short-circuit proof. INSTRUMENTS, INC.
An output sync pulse is provided for pre- ELECTRONIC INSTRUMENTS
cise triggering. Frequency can be exter-
nally voltage-controlled over a very linear DIVISION
20/1 frequency range.

A few more. All silicon, solid-state.
Compact. Rugged. Versatile. Easy to
operate.

2400 Harbor Blvd., Fullerton, Calif. 92634,
(213) 691-0841

7360 N. Lincoln Ave., Lincolnwood, IIl.

f 4 60646, (312) 583-1020

And finally: the price won't curl your YaEq (Tech) Re. Niobsrars Aid. etk
halrt. thmfb Y°‘|‘lrt:]°C?' E;'D Sales Rtep':,' silver Spring, Md. 20904, (301) 622-2500
Sentative Tor a S a_c 2 -°.' wn_e B International Subsidiaries: Geneva;
rect to our nearest regional office, listed Munich; Glenrothes, Scotland; Tokyo; Paris;
at right. Capetown; London; Mexico City
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DYNAMIC DUO!

X-2: Holy Accuracy, X-1, how do you do it? . ..

X-1: Fear not, X-2, if you don’t become a college dropout, you
too, can achieve .005% Accuracy.

X-2: You were designed to compete with those $4,000 voltmeters,
but I've got IC’s.

X-1: When | was in school, X-2, those IC’s were costly and
unavailable; however, with all your IC’s, you can’t give 23
millisecond readings!

X-2: Well, X-1, | haven't had my logic courses yet. Can you
integrate?

X-1: | don’t need to integrate, X-2, because | have an Active
Filter that saves customers (who think they need a 5-digit
integrator) $1,700.

X-2: You got me there, X-1, but if the cystomers don’t need your
.005% accuracy and high speed for $2,450, they can buy
me for $980, and I'm half rack size too!

X-1: Naturally, you're half rack size because you don’t have Scan
Counter, Range Memory, Range Hysteresis, Range and
Polarity memory logic, and my Exclusive Threshold control.

X-2: Holy features, X-1! Those other DVM’s must be overpriced!

X-1: We must not cast moral judgments on the integrity of our
competition, X-2.

X-2: You're such a good teacher, X-1 . ..

X-1: Remember, X-2, that together, that is, you at $980, and me
at $2,450, can conquer 80% of the requirements in DVM city.

X-2: What do you think that joker is up to?
X-1: It looks like he’s trying to be a VTVM.

X-1 Check 237 Reader Service Card NON-LINEAR SYSTEMS, INC.
DEL MAR, CALIFORNIA 92014
X-2 Check 238 Reader Service Card [714] 755-1134/TWX: 910-322-1132

=3
[8V]
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The Joker
Replaces
all (VTVM’s)

NLS Introduces (X-3), a solid-state integrated circuit DVM (VTVM) with lots of tricks for $695.00.

DC Volts: Current: Yes, the Joker wins out. All
10 mvto 10Kv 10 Nano Amps to these tricks for $695 (includ-
1% = 1 digit 200 Milliamps ing probes)...but wait, there’s
100 Megohm input 1% = 1 digit many more especially the one
impedance, entire range e NG Joke behind that ?.

10 Microvolts resolution ; ] |
AC VOI,'S: ' LOOK AT THESE EXTRA TRICKs ~ See what's behind the ? at
200 Millivolts to 300 volts 100% Over-range Digit Booths 2808, 2809, 2810 and

10 Millivolts resolution Over-load Indicator 2811, WESCON, or contact

3% Accuracy Over-load Protection

2 3 - Originator of the Digital Voltmeter
18 Tnzetgoiorﬁé"' Iﬂsut Automatic Polarity NON-LINEAR SYSTEMS, INC.
Impedance Display Storage DEL MAR, CALIFORNIA 92014
Resistance: ngh CMR [714] 755-1134/TWX: 910-322-1132
10 Ohms to 2000 Megohms Unique Low, Medium, and
1% = 1 digit to 200K High Range Selector

Check 239 Reader Service Card
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New from Dearborn!

World's
Smallest

T
Capacitor

STVLE LPBB
DELTAFILM ‘LP
POLYGARBONAIE
GAPAGITOR

actual
size

FUZ-ION' Sealed Tubular Construction

Sets New Size Standards for
Metallized Polycarbonate-Film Capacitors

SMALL, LIGHTWEIGHT

Heat shrinkable plastic case con-
struction reduces weight. Super-
thin dielectric permits dramatic
reductions in size. Volume effi-
ciency as high as .04 cu. in./yF.

UNIQUE VAPOR SEAL

Plastic case is ‘‘Fuz-ion Sealed”
to epoxy ends, ensuring maximum
seal efficiency. Case is noncon-
ductive, fungus-proof, corrosion-
proof, humidity-resistant.

*Trademark

OUTSTANDING PERFORMANCE
Designed for —55C to +125C
operation. Superior operational re-
liability. High insulation resistance.
Low dissipation factor. Low tem-
perature coefficient. Excellent re-
sistance to shock and vibration.

A-C AND D-C APPLICATIONS

Style LP88 Capacitors meet not
only the most exacting d-c require-
ments, but are also ideally suited
for a-c and r-f applications.

For complete technical information,

write to Dearborn Electronics, Inc.,
Box 530, Orlando, Fla. 32802.

Electronics

(a subsidiary of the Sprague Electric Company)

/ Inc.

FOREMOST IN FILM CAPACITORS

10.2100
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LETTERS

(continued from p. 70)

thousands of critics to supply infor-
mation for updating future editions
of the article. In most cases, an ar-
ticle would have to “grow” from
the contributions of the readers be-
fore it would truly become a classic
in its field. It would even be desira-
ble to publish a preliminary draft
of the article for comments from
the readers before final publication.
The responsibility for informa-
tion retrieval belongs not only to
the Federal Government, but also to
readers, authors, and publishers.
Will ELECTRONIC DESIGN do its
part?
Vernon R. Cunningham
Design Engineer
Collins Radio Co..
Dallas

(Editor’s Note: The sort of “clas-
sics” called for here would be mice
to have, whether in trade-magazine
or textbook format. Unfortunately
there are few subjects mnarrow
enough for such an approach to be
feasible in a brief magazine article.
We have published such articles, or
series of articles, in ELECTRONIC
DESIGN when the subject was ap-
propriate. But many subjects re-
quire so much detailed discussion
that books must serve as references.
Nevertheless, we take our respon-
sibility for clarity and completeness
very seriously, and appreciate hear-
ing from readers when we fall
short.)

T

Accuracy is our policy

In “Make a filter out of an oscilla-
tor,” ED 10, May 10, 1967, pp. 56-
58, in the first paragraph after the
first subhead, on p. 56, the sentence,
“The transfer functions must have
poles only on the negative real axis
of the s plane,” should be deleted.

In “Pulse oscillator puts out 35
kW,” in the Microwaves listing of
the Products section of ED 12, June
7, 1967, Applied Microwave Lab.,
Inc., points out that its device has
an input power of —8.5 (not —85,
as printed) kV at 9 A (peak).
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Shown 2%ax Actual Size

Capacitor Problems That Require A Lot Of
Self-Control...Chemically Speaking

Problem 1: How to make sure the silver paste composition used for electrodes provides
the best results for each electrical parameter in a given capacitor design?

Problem 2: How to improve the recognized moisture reliability of our dipped mica capaci-
tors without adversely affecting life reliability?

Problem 3: How to upgrade the reliability of molded mica capacitors to equal that of dipped
mica capacitors so designers can take advantage of body uniformity and axial lead design?

Solution: Chemical self-control! To do this we operate our own chemical manufacturing
plant where we formulate silver pastes, phenolic dipping compounds, and epoxy molding
compounds — all under strict controls.

Result: Dipped mica capacitors and molded mica capacitors of equally high reliability that
operate up to 150°C. Send for technical literature and always insist on El-Menco brand ca-
pacitors . . . your assurance of better quality and reliability through control.

THE ELECTRO MOTIVE MFG. CO.,INC.

WILLIMANTIC, CONNECTICUT 06226

Dipped Mica * Molded Mica * Silvered Mica Films * Mica Trimmers & Padders
Mylar-Paper Dipped * Paper Dipped * Mylar Dipped ¢ Tubular Paper

Exclusive Supplier to Jobbers and Distributors West Coast Manufacturers contact:

in the U. S. and Canada: COLLINS & HYDE CO., 900 N. San Antonio Rd.,
ARCO ELECTRONICS, INC., Community Drive. Los Altos, California 94022

Great Neck, L. 1., New York 5380 Whittier Blvd., Los Angeles, California.
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Now available from Norden Analog and digital
microcircuits with Glastrate dielectric isolation

NM 1032 General purpose
amplifier

NM 1038 Driver switch

NM 4013 RS Flip flop

NM 4014 Dual 4-input clocked
DTL NAND/NOR gate

NM 4015 Dual 4-input DTL
NAND/NOR gate

NM 4016 Driver amplifier

NM 4017 7-input clock DTL
NAND/NOR gate

NM 4018 Triple high-level DTL
NAND gate

See us at WESCON, East Exhibit Hall, Booths 4901-4904.

Norden announces off-the-shelf availability of high-performance, dielectri-
cally isolated analog and digital microcircuits produced to Minuteman speci-
fications, guaranteeing you highest quality and reliability.

Norden’s Glastrate process of dielectric isolation reduces leakage current
and capacitance to substrate, prevents unwanted PNP action, eliminates
“latching,” and improves radiation resistance.

If you have special circuit design problems, use Norden’s NM 3025
Master Dice Breadboard. Circuit interconnections can be made to your
requirements, and your new circuit can be tested in a matter of days.

For more information about Norden’s off-the-shelf circuits, or custom
circuit service, write to Microcircuits Department, Norden Division of United
Aircraft Corporation, Norwalk, Conn. 06856, Phone (203) 838-4471, TWX
NWLK 21. U

Norden DIVISION OF UNITED AIRCRAFT CORPORATION

NORWALK, CONNECTICUT n
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No. 3 of a Series

Tips on cooling off
hot “plastic” transistors

See how circuit and packaging designers use new |IERC heat dissipators
to increase the efficiency of epoxy and ceramic semiconductors. Models
are available for all TO-5, TO-18 and D-case sizes, with and without flanges.

k .
New, press-on “‘Fan Tops"' fit all TO-5, TO-18 and New “‘Universal’ Spade types fit all D-case sizes, New Clip types are especially effec-
D-case size devices. Need no board area; add including the flanged type. Permit operating tive in high g environments. Hold .
virtually nothing to board height. An RO-97 power of transistors to be increased 33%. Unique TO-5 and TO-18 size devices se-
with Fan Top dissipates 400 milliwatts at 65°C.  spring-clip retainer accommodates variations in  curely; reduce load on leads. Allow
compared to 200 milliwatts with no dissipator. case diameters. Single and dual models. 30% more operating power.

Unique new Spade types fit all TO-5, TO-18 and no-flange New PA and PB dissipators for medium power plastic devices accommodate
D-case sizes. Provide excellent retention and dissipation and are  the flat, rectangular shaped thyristors, transistors and SCR’s. Patented,
also valuable production aids. “Stand-oft” legs give a positive staggered-finger design and aluminum construction maximize dissipa-
0.1” grid location for automatic insertion in p-c boards and hold  tion. In natural convection a PA will permit a single X-58 or M332 case
transistors above the solder, preventing possible thermal dam-  device to be operated with 80% more power. A PB type will allow
age. Single and dual models. matched pairs or larger devices to be operated with 200% more power.

IMPROVED SEMICONDUCTOR PERFORMANCE FOR ONLY PENNIES

Epoxy and ceramic case semiconductors, like those in metal cases, have maximum
allowable operating temperatures. Exceeding these limits can damage or destroy
the component. Low cost IERC dissipators/retainers reduce operating tempera-
tures, permitting semiconductors to be operated at power ratings up to 33% higher
without increasing case temperatures. Their use also sharply reduces failures
caused by excessive solder heat during assembly. New SHORT FORM CATALOG SEMICONDUCTOR
gives complete specifications and other helpful information for selecting tran- HEAT DISSIPATORS

sistors/dissipators. May we send you a copy?
Transistor dissipators/retainers * Forced air cooling packages * Fluid cooled heat sinks » Tube shields

INTERNATIONAL ELECTRONIC RESEARCH CORPORATION « A corporate division of Dynamics Corporation of America fﬁuas West Magnolia Ave. « Burbank, Calif. 91502
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ew. Model 3111 Relay by “Bouriis
SMALL

IN SIZE

Wiy

'1 L

The Bourns Model 3111 TRIMPOT® Relay is a high perform-
ance, 0.5 amp, Double Pole Double Throw unit that answers
the demand for higher reliability and greater miniaturization.
It is hermetically sealed in a 1/6 size crystal can, with con-
venient 0.1” pin spacing.

The Model 3111 has an operating temperature range of
—65°C to +125°C. Contact rating is 0.5 ampere resistive
at 28 VDC, with a pick-up sensitivity of 130 MW. Operate and
release time is 4 milliseconds maximum. Contact bounce is
2 milliseconds maximum. This model also features a self-
damping return sring and balanced armature design assuring
excellent shock (50G) and vibration (20G) performance. All
requirements of MIL-R-5757 are met or exceeded by the
Model 3111.

For further data and detailed specifications, contact your
nearest Bourns sales office or representative, or write the
factory direct.

Coil Operating Table
VOLTAGE ADJUSTED

Standard Nominal Maximum Drop-out
Coil Operating Puli-In Voltage Voitage
Resistance Voltage at +25°C at +125°C Min.
70 6.0 3.0 3.9 0.3
280 12.0 6.0 7.8 0.6
1500 26.5 14.0 18.0 1.4

Coil characteristics applicable at 4+25°C unless otherwise specified.

Various terminal types and mounting styles are available adding
flexibility to fulfill your design requirements.

B i

BOURNS, INC., TRIMPOT DIVISION « 1200 COLUMBIA AVE., RIVERSIDE, CALIF.
TELEPHONE (714) 684-1700 « TWX: 910 332-1252 +« CABLE: BOURNSINC.

TRIMPOT® AND PRECISION POTENTIOMETERS—RELAYS—MICROCOMPONENTS: TRANSFORMERS, INDUCTORS, RESISTORS AND CAPACITORS



Co-Publishers

James S. Mulholland, Jr.
Hugh R. Roome

Editorial Director
Edward E. Grazda

Editor
Howard Bierman

Managing Editor
Robert C. Haavind

Technical Editors

Jeffrey N. Bairstow
Peter N. Budzilovich
Maria Dekany
Roger K. Field

David H. Surgan

Careers and Management Editor
Howard S. Ravis

News Editors
Ralph Dobriner, Chief
Richard N. Einhorn

East Coast Editor
Neil Sclater

West Coast Editor
Ron Gechman

New Products Editor
Steven B. Futterman

Copy Editor
Peter Beales

Directory Editor
William Alvarez

Washington Editor
S. David Pursglove

Editorial Production

Dollie S. Viebig
Marian Arkin
Anne T. Lombardi

Art Director
Clifford M. Gardiner

Art Assistant
William Kelly

Technical lllustrators

Cheh Nam Low
Sheila F. Ward
Richard Hartman

Production Manager
Thomas V. Sedita

Asst. Production Manager
Helen De Polo

Production Assistants

Bernard Wolinsky
Robert M. Henry
Murray Friedman

Circulation Manager
Nancy L. Merritt

Reader Service
Diane Mandell

<€ ON READER-SERVICE CARD CIRCLE 53

EDITORIAL

Let’s raise our voices
«a against noise pollution

Did you ever hear a swallow burp?

Probably not.

You know why?

Because your neighborhood and your plant are gradually becom-
ing polluted by noise. And noise pollution can be a problem if you
have ears.

Noise pollution is what fills your ears when you open a window.
It is the din of traffic, the chatter of a jackhammer, the blaring
squawk of a neighbor’s radio. It assaults us in every part of the
audio spectrum: the rumble of a punch press, the painful bang of
a riveting machine, a pressure nozzle’s hiss.

Noise is not just annoying. Continued exposure to noise per-
manently impairs hearing. And an employer who fails to protect
workers from hazardous noise environments can expect to pay
workman’s compensation for damages. Noise, just like uncaged
gears, is now a hazard in the eyes of the law.

What can the designer do about noise pollution, you ask?

Four things:

8 Learn about acoustics. The interaction between sound and the
human ear is a complicated physiological and psychological matter.
The editors of ELECTRONIC DESIGN suggest that you start with two
books, Acoustical Engineering (Princeton, N. J.: D. Van Nostrand
Co., 1957,) and Music, Physics and Engineering (New York: Dover
Publication, 1967), both by the dean of acoustics, RCA’s Harry F.
Olson. A marvelous sound film on noise pollution is available free
of charge from Wallace Waterfall, Secretary, Acoustical Materials
Association, 335 East 45 Street, New York, N. Y. 10017. A booklet,
Acoustics and You, which outlines career opportunities in acoustical

“engineering, is available from the same association.

= Include in your design of industrial equipment those shapes and”
materials that control and damp the most offensive portions of the
audio spectrum. Use audible signaling devices only where there is
no alternative. Design with your ears as well as your slide rule.

® Specify and purchase quiet production equipment. Don’t look
only at the specifications and the finish when you buy a machine—
listen to it.

= Help the city nearest you control its noise pollution. ELECTRONIC
DESIGN stands ready to assist and to report the efforts of any firm
that will underwrite a project that aims to accomplish this goal.

There is no question that it will take effort and money to control
noise pollution. But you’ll sleep a lot sounder if the people whose
lives are affected by your designs can hear their alarm clocks tick.

ROGER KENNETH FIELD
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Readers Choice

IEE bright, legible, wide-angle readouts:

Any characters desired Many sizes

Any colors or combinations Many configurations

Any input, BCD or decimal Many lamp lives (to 100,000 hours)
Any input signal level Many brightness choices

Any mounting, vertical or horizontal Many options and accessories

Standard Readouts: Rear projection principle, like all IEE read-
outs. A lamp in the rear of the unit illuminates one of the 12
film messages, and projects it to the front viewing screen.
Unbeatable readability and versatility.

Large Screen Readouts: For reading distances up
to 100 feet. Maximum character size 3%".

Miniature Readouts: Only 17 wide x 1-5/16” high, yet can be read at
30 feet because of clarity of one-plane projection. Character size: %”.

Micro-Miniature Readouts: Only %" wide x ¥%” high, but 20 foot viewing
distance and maximum 175° viewing angle because of front-plane display.
Character size: 3%4”.

Hi-Brite Readouts: Special lens system increases character brightness
50%. Particularly good when high ambient light conditions exist.

Cue-Switch Readouts: Rear projection readout with push-button
viewing screen. Combination switch and display device.

Bina-View Readout: Accepts binary or teletype code, decodes,
and displays the proper character.

Status Indicator Readout: Displays up to 12 different messages, individually
or in combination. Viewing screen only 3 sq. in.

Indicator Assemblies: Available with up to 11 rear pro-
jection readouts, for indicating seconds, minutes, hours,
days, etc.

Driver/Decoder Module: Designed to work with |EE Readouts. Accepts
a variety of binary codes for decimal conversion.

The new IEE Display Devices catalog gives complete information and specifications
on these products, and their accessories. Ask for it.

“I-double-E", the world's largest manufacturer of rear projection readouts.
Industrial Electronic Engineers, Inc. 7720 Lemona Avenue, Van Nuys, California
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WESCON USA

Whether you're a showgoer or a 'no show,’
check this compact preview of the highlights

ke v
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HURRY, HURRY...

It's called "Eight Shows in One." It runs
from Aug. 22 through 25, and it features
performances by more than 600 com-
panies in 1100 booths.

WESCON, 1967, is open.

The Cow Palace at San Francisco has
been transformed into a dazzling elec-
tronic spectacle that is expected to draw
40,000 engineers and managers.

Along the colorful aisles, products are
grouped in eight broad categories. These
are the eight shows of WESCON.




WESCON [S STARTING

And there's more in the wings. Techni-
cal sessions are planned on 20 subjects.
In addition, the Eighth International Elec-
tronic Circuit Packaging Symposium
opens Aug. 21 in the San Francisco
Hilton. And a major symposium on
microelectronic developments, “Micro-
electronics Comes of Age,” starts Aug. 23
in the same hotel.

Join ELECTRONIC DESIGN's guided
tour of the significant at this year's
WESCON. Begin here:




SUDDENLY, YOU'RE A MANAGER

And for the many engineers who find themselves
unprepared, WESCON considers some remedies

MANAGER ;

Manage or Perish: Many engineers must make the choice
of moving into management or reaching the dead end!

Meet the Financial Department: Many engineers move into
management with little or no financial training. Personnel
in the two departments should get to know each other.

U84

Howard S. Ravis,
Careers & Management Editor

More and more engineers are moving into
management positions, with little or no manage-
ment training.

“It is a situation the engineering field has
known for a long time,” notes a WESCON official,
“but no one wanted to talk about it. The industry
is finally recognizing the fact that the technical
man can no longer stay completely technical.”

Engineering colleges have been partly to blame:
they have trained future engineers to be engineers
only. Several years after graduation from such
schools, many have found themselves suddenly at
a turning point in their careers. Like the profes-
sor in college who is commanded to “publish or
perish,” engineers in many instances face this
prospect: ‘“Manage or perish!”

Often with little or no preparation, the engineer
must ask himself and must answer quickly: Am I
qualified and will I be happy as a manager? Will I
find myself spending most, if not all, of my time as
an administrator instead of as a creative engi-
neer? What will happen to me if I refuse the
management position? Will the company let me
go? Will I become professionally stagnant?

Recognizing the need for more engineering
management discussion in the industry, WESCON
this year is incorporating for the first time a
section on the nontechnical side of engineering
management. WESCON officials expect the sub-
ject to take on increased emphasis in future con-
ventions.

“Business Management: The Engineer Becomes
Manager” is the title of this year’s session, de-
signed to help both the engineer in management
and the one who may make the move.

Managing people

“Once the engineer becomes a manager, he is
part of the team which must manage the company
resources in a manner that will ensure survival of
the business,” notes one of the WESCON panel-

ELECTRONIC DBESIGN 17, August 16, 1967



ists, James F. Riley, president of Signetics Corp.,
Sunnyvale, Calif. He lists “technology, capital and
people” as the three main company resources.

“There is more than enough emphasis on the
technical and capital resources,” Riley contends,
“but less than adequate emphasis on people re-
sources. More than anything else, the success of a
manager depends on the functioning of his people
and the direction and retention of them.”

Riley is convinced that on-the-job training is
best for developing managerial talent. “The home
environment is the best training ground,” he says.
“The company can train the manager in the same
environment in which he will manage. Thus top
management sees him actually working with the
people he also will work with in the future.”

If the manager or potential manager attends an
outside management session, Riley argues, he is
dealing with people he has never seen before and
probably. will never  see again: “Thus, how he
works with and supervises these people is of lim-
ited value when he returns to his home plant.”

Managing money

As the engineer becomes a manager, he becomes
more directly involved in capital matters. He now
is responsible for a budget; the costs of the project
must be watched.

Another panelist, Daniel G. White, president of
the Commonwealth National Bank of San Fran-
cisco, lists the “pitfalls in money management”:

® Jdeas alone have little real value. They will
assume value only when the idea is translated into
a product or service that fulfills a need.

= Avoid overoptimism. Confidence alone does
not sell the product. Eeware of the unexpected.
Expect the worst—it may happen. Plan at the
outset for a second line of defense.

= Bankers look at cost projections rather than
sales projections. There is often a tendency to let
costs get out of hand. Keeping them down will
influence the later economic life of the product.

= Engineers must be motivated to the concept
of making money. Too often the engineer is aloof
to this aspect of the business. Idea must be trans-
lated into dollars and cents.

White admits there is no sure-fire way for an
engineer to gain this economic education.

“A good way to start, however,” he says, “is for
closer correlation between the engineering and
financial people of a company. Too often they are
in different worlds within a firm. They’re on
different floors and never see each other, except
perhaps for a chance meeting at a coffee break.
The departments should know each other.”

Managing technology
A third panelist, Charles H. Keller, president of

ELECTRONIC DESIGN 17, August 16, 1967

INlumination Industries, Inc., of Sunnyvale, Calif.,
says that company management must ask itself:
“Why does the company exist?”’

He continues: “A company cannot have techni-
cal superiority as a goal. This sounds very nice,
but it is unreal, if not impossible. The electronics
field is too vast for one company to achieve com-
plete technical superiority, and the company
management must realize this.”

The answer, according to Keller, is that the
company exists ‘“to satisfy the demands that
others make of it.” He cites these six groups that
make demands on a company: customers, employ-
ees, owners, suppliers, the Federal Government
and the local community.

“A successful enterprise must utilize its de-
mand-meeting capabilities to meet these demands
in the stated order,” Keller says. “When the de-
mand-meeting resources are consistently misap-
plied, the enterprise will either fail or be set back
until the proper order is established by pressure
from the displaced group or recognition by man-
agement of the error of its ways.”

Once the company knows the demands, it can
manage its technology to meet these demands. “It
is equally as dangerous to overestimate as to un-
derestimate these demands,” Keller adds.

Managing a turnaround

All three of the company’s resources—people,
money and technology—are put to the test when a
company is forced into a major turnaround.

“The entire technological function of the com-
pany needs a change,” notes Martin H. Dubilier,
executive vice president of Friden, Inc., of San
Leandro, Calif., who is also a panelist.

“Perhaps the most important thing a manager
can do during this transition,” says Dubilier, “is
to keep the engineer completely informed when
making the change. The management of most
companies is reluctant to inform its engineers,
fearing it will give away secrets, which the engi-
neers in turn will give away.

“Management cannot afford to be reluctant,
however. It is of greater significance to the com-
pany that their engineers be made part of the
change so that they can conform or adapt to the
new process.”

Management must expect morale to drop during
a changeover, Dubilier condedes. But he adds:

“By keeping your engineers informed, the drop
can be lessened. And, finally, and perhaps more
importantly, the engineer can be of great help to
management—first, in recognizing the need for
change ana then in helping to achieve this change
successfully.”

Donald C. Hoefler, columnist for FElectronic
News, is the panel chairman of the WESCON
session. = =
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The Kind of Knowledge that makes traffic control possible. ..

Every year more cars join the traffic scramble. As
congestion thickens, bottlenecks occur more often.
And traffic flow screeches to a halt.

How can we help keep the nation’s expressway traffic
moving from coast to coast? One way is with remote
traffic control systems, like the one pictured above
on the Kennedy Expressway in Chicago.

This system reverses lane directions as changes
occur in traffic density during morning and evening
rush hours. Through a system of gates, signal
arrows and directional lights, an express lane can
be changed from inbound to outbound—and vice
versa. To date, this unique system is doing a great
job helping keep Chicago traffic moving.
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In assembling this traffic control system the manu-
facturer used Kester Solder. Both the solder and
flux were specially formulated to meet stringent
requirements.

The kind of knowledge that goes into traffic con-
trol systems is the kind of knowledge you get from
Kester Solder. From formulating the finest solder
and flux to expert assistance on soldering applica-
tions, Kester stands ready to serve you. Write,
phone or wire for specific information.

15 THE KIND OF KNOWLEDGE YOU GET FROM KESTER

Regulating such a complex control system takes
hundreds of precision electromechanical relays and
stepping switches. That means connections must be
soldered for maximum reliability.

KESTER SOLDER COMPANY [H

DIVISION OF LITTON INDUSTRIES

4201 Wrightwood Avenue, Chicago, Illinois 60639 e Newark, New Jersey 07105 e Anaheim, California 92805 e Brantford, Ontario, Canada

1899-1967—68 years devoted to production of products of the highest reliability—solders and fluxes
ON READER-SERVICE CARD CIRCLE 55
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THE TECHNICAL SIDE OF WESCON

Here is a summary of the significant papers and trends
evident at the show, arranged by engineering specialty

Circuit designer

FETs and plastic devices
are finding wide use

Field-effect transistors, still relative newcomers
to design, are now more practical than ever. This
is evidenced by the fact that a complete session at
WESCON (No. 8) is devoted to the design of rf
circuits using FETs. Each paper presents practi-
cal design procedures and considerations, readily
usable by a design engineer.

Of particular importance is the paper entitled
“High-Frequency Power FETs,” by J. B. Compton
of Siliconix, Inc. He shows how the high input
impedance and lack of secondary breakdown
characteristic in FETs are used in the design of rf
power amplifiers to get outputs of 0.5 watt.

A year or so ago one criterion for good circuit
design was considered to be the number of active
(transistor) devices used—the fewer the better.
The major reason for this goal was the high cost
of active devices.

This approach now appears to be obsolete.
Plastic devices are rapidly coming down in price
to the point where some compare favorably with
the price of a resistor. Even such “sophisticated”
devices as 400-MHz, 10-dB FETs can be bought
for 95 cents. A unijunction transistor costs only
about 65 cents. Silicon small-signal transistors sell
for a dime or less.

Today the circuit designer need not worry
about adding a transistor or two. He can achieve
better reliability by increasing the number of
active devices in the circuit, thereby avoiding the
need to work a minimum of transistors at their
highest limits. In fact, it is possible today for the
designer to keep an assortment of his “pet” tran-
sistors in boxes (just as he would his resistors)

Uss

above the laboratory bench.

With the prices of plastic devices so low, the
obvious question is will they make a reliable
package? Two researchers from the Army Elec-
tronics Command at Fort Monmouth, N. J.—
Edward B. Hakim and Roland Canepa—ask and
partly answer this question in their paper, “A
Preliminary Investigation of Plastic-Encapsulat-
ed Transistors,” to be delivered at the Eighth
International Electronic-Circuit Packaging Sym-
posium. ''he paper presents a summary of various
tests carried out on seven types of plastic-encap-
sulated transistors.

Several important conclusions have been
reached by the authors as the result of their
evaluation project. It was found that plastic
devices pass present short-term military tests.
The question of long-term effects, however—and
whether plastics will introduce increasing failure
rates, compared with metal packages—was not
explored.

Two tests were found particularly helpful. One
was a high-humidity and- temperature test, with
an applied electric field across the device. In
relatively short periods of time (less than four
weeks) significant deterioration was observed in
the plastic devices.

Another test, checking ionic contaminants, was
the standard inversion layer test used on most pnp
metal-encapsulated devices. It included high-
temperature storage (150°-200°C) and 50 to 75
per cent of rated BVizo or BVizo of the tran-
sistor. The parameter measurements were made
after the devices had cooled to room temperature
and the voltage was removed. Again, deterioration
was observed in the plastic devices.

Specifically, the following tests were per-
formed:
® Temperature storage: +200° C.
® Temperature cycling (1/2 h at each temp.):
—48°C to +200°C.
= —40°C and power cycle (1.5 min on, 30 min
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General-purpose interface, looking like a telephone switch- transfer digital or analog signals to and from a nuclear-
board, enables experimenters at Michigan University to physics laboratory and a computer. (Paper 16/2).

.

Photoconductor array at left contains 32,400 elements for an experimental, tubeless TV camera. A 360-by-360-
(180 by 180) and is part of a self-scanned image sensor element array is shown at the right (Paper 13/3).
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off).

® —40°C and voltage cycle (1.5 min on, 30 min
off).

= Humidity cycle and power: +25° to 65°C; 80%
to 98 % relative humidity.

The report points to rapid improvements in
plastic materials. Thus the authors state: “The
testing of plastic-packaged transistors initially
indicated that with plastics available at the start
of this program silicone was more desirable than
epoxy. However, epoxy devices are now available
which appear as good as silicone in both high-
temperature and moisture stability.”

Communications engineer

Communicate, don't travel,
is the goal of designers

A dozen or so years from now, the engineer too
busy to travel to electronic shows across the
country may pick up his picture phone and scan
the exhibits. If a booth looks interesting, he may
dial the engineer on duty and talk to him. Such are
the possibilities envisioned by communications
specialists.

The idea of substituting communication for
transportation in many situations of daily life is
not fancy, says Dr. Timothy Healy of the Univer-
sity of Santa Clara. It began, he notes, when
telephone calls replaced trips across town. The
questions now are how far and how fast.

According to Dr. Healy, the opportunities are
virtually limitless. For example, attempts are
being made today to eliminate the exchange of
money through data links between a customer’s
bank and the places where he buys goods.

Psychological and economic problems

But there are formidable obstacles, Dr. Healy
says. As he sees it, the two biggest are economic
and psychological.

The most urgent problem is economic: data
transmission is expensive. One minute on a video
phone costs up to $200 at present—out of reach of
most would-be users. But Dr. Healy believes in the
spirit of private enterprise. The cost of phone
calls has dropped considerably over the years, he
notes; video phones will follow suit.

The psychological problems are mostly long-
range, Dr. Healy says. Can we really do without
our work environment, for example? Can sales-
men sell without face-to-face confrontation? Can
housewives shop by television? Can executives
give up the battles at round tables? There is no
answer yet to these questions, but he will attempt

U990

to shed light on ways to look at these problems in
Session 9.

Curiously enough, Dr. Healy does not see any
serious technological problems. He realizes that
the expected increase in transmitted data will be
astronomical, but he observes: ‘“Obviously radio
waves are out of question on the long range.
Satellites will be a terrific boost for the next 10 to
15 years, but after that we’ll have to use cable
lines for data transmission. If you want to be
really futuristic, then modulated light in cables
may be the real answer.”

For the next decade, he envisions “belts” of 15
or 20 satellites with highly directive antennas in S
band, for instance, to handle data traffic with
spatial multiplexing.

Cut cost of data compression

But before these ideas can be realized, de-
signers must find more efficient ways of transmit-
ting data. Already hardware capabilities are being
strained. Straightforward approaches to increas-
ing the capability of links run into trouble quickly
because of cost, says a group of engineers at the
Lockheed Missiles and Space Co., Sunnyvale,
Calif. (Session 6).

At the transmitting end of systems, one solution

PRICE SPREAD FOR GENERAL-
PURPOSE COMPUTERS

COST OF COMPUTER IN MILLIONS OF DOLLARS

PRICE SPREAD FOR SPECIAL-
PURPOSE COMPUTERS

0.03

1 | 1 | 1
20 40 60 80 100 120 140

MAXIMUM SAMPLES PER SECOND THAT

CAN BE COMPRESSED(THOUSANDS)
1. Cost-performance trade-off of computers for data
compression clearly indicates the advantages of special-
purpose types. Data-compressing computers are now de-
veloped that can handle many input types and allow the
selection of processing that offers the best compression
ratio.

O.Ol0
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lies in data compression—in the rejection of
redundant data before transmission. The Lock-
heed group has come up with a hardware ap-
proach that can compress a variety of telemetry
data, reconstruct the result when needed and
display any selected two channels on a strip re-
corder. According to John J. Dowing, supervisor
of the data-compression group, the technique
avoids the need to design a special instrument for
each application and manages to keep the cost far
below that of a general-purpose computer (see
Fig. 1 for cost comparison).

The compressor accepts 10-bit parallel digital
input words that identify the channel and contain
the data. This input may come directly from the
telemetry multiplexer or from a decommutation
station at a rate of more than 50,000 words a
second. The experimental model can accept 1024
data channels, and separate tolerance levels can be
established for each channel. To obtain the best
compression ratios, each channel can be set for
either averaging or exponential digital filtering
and for one of several popular compression meth-
ods. The output is pulse-code modulated. It may be
recorded and fed back to the machine, which then
reconstructs the original uncompressed data.

How to predict fading

But even the most efficient data-compressing
system will not do much good, if the data get lost
in the propagation media. Robert F. Daly, a scien-
tist at the Stanford Research Institute (Session
9), points out that theories abound on channels
where the noise is assumed to be Gaussian or near-
ly Gaussian, but not much is available to help en-
gineers deal with signal fading.

Fading, or signal distortion, becomes significant
in high-speed digital data transmission, Daly says,
since the loss of even a small data segment can be
critical.

The communication problem in the presence of
fading differs in several ways from the problem
with additive noise only, but one difference is
particularly important to system designers, ac-
cording to Daly. With only additive noise in the
channel, any desired small error can be achieved
by increasing the transmitting power level,
whether optimum or suboptimum receivers are
used. This is important, says Daly, because it is
easier to increase signal power than to obtain a
better receiver.

But fading channels do not go by this rule.
Without an optimum receiver, the transmission
suffers an irreducible error, due to self-jamming.
The channel distorts the signal so that some of the
energy interferes with the desired transmission.
Higher power levels increase both the signal and
the interference, so nothing is gained, points out
Daly. For the same reason, more sensitive receiv-
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2. Time-frequency plane of scattering function in com-
munication channel for hf signals show nodal nature of
the function. It introduces both frequency and time var-
iations in the signal.

ers do not help either.

Daly sets up a model for the fading channel that
allows the accurate prediction of error rates over
an hf link.

When setting up the model, he assumes that the
signal undergoes both time dispersion and fre-
quency dispersion, because of scattering in the
channel.

The received signal is scattered by irregulari-
ties in the dielectric constant of the channel (par-
ticles, for example, are such irregularities). The
energy from these scatterers arrives by a different
path, causing a differential time delay, or time
dispersion and resulting in frequency-selective
fading. But the scatterers are in motion, which
results in a Doppler shift. Since the Doppler shift
is different for each scatterer, frequency disper-
sion is also introduced. Thus, both the time and
frequency structure of the transmitted signal will
become smeared out, and the transfer function of
the channel displays both frequency and time
dependence. Such a scattering function for an hf
link is shown in Fig. 2.

He models this channel as a linear time-variant
filter, and introduces some design points for
optimum receivers that help reduce fading errors.

Computer engineer

Computers as components
or will it be vice versa?

The computer engineer finds himself at a cross-
roads today: there is a wide road, along which
computers are merely components, parts of a
larger system; and there is a narrower road, along
which components are computers, formed by
large-scale integration (LSI). Which way does he
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have to go?

Knowledgeable computer engineers are pre-
paring to zigzag between the two paths, by adding
to their skills along the way.

System design calls for the ability to integrate
hardware and software, to optimize systems that
use computers as components and to solve inter-
face problems. Not only man-machine interfaces
but also machine-machine interfaces are impor-
tant, as, for example, in digital control systems.
LSI requires an appreciation of the techniques of
fabrication and, in particular, of the economics of
large- and small-volume production.

Bob L. Ryle of the Planning Research Corp.,
Los Angeles, presents a strong case for consid-
ering software as another engineering discipline
for the computer engineer (Session 16). He be-
lieves that the idea of software as an “esoteric art
form” must be dispelled; it must be treated as a
scientific discipline, he says. This will become even
more necessary if, as seems likely, the software of
operating systems is handled by hardware. An
example of this is the use of LSI as a read-only
memory storing an executive system.

Optimum design is needed

Maximum effectiveness of third-generation
computers is the concern of authors David L.
Stein and Joe L. Glaser of Scientific Data Sys-
tems, Santa Monica, Calif. They define third-
generation computers as variable combinations of
control units—memory and input/output units
communicating freely with each other through
standard interfaces.

- Now a system designer can produce a whole
range of systems to do a specific problem, accord-
ing to the authors. The art is to find an optimum
descign, one that will do the job faster, more accu-
rately or, perhaps more importantly, more
cheaply. Although the criteria may be easy to
determine, the effect of altering a system design
may not. Simulation of proposed systems is likely
to be one way out of this particular difficulty. The
authors admit they do not have all the answers.

In the same session, Dr. J. V. Kane of Michigan
State University shows how, as a nuclear physi-
cist, he has had to solve an interface problem to
use a third-generation time-sharing computer as a
component of his laboratory. His general-purpose
interface enables experiments to control not only
a cyclotron but also several independent experi-
ments. Dr. Kane cites the advantages of his sys-
tem as follows:

s Experiments will be able to record and ana-
lyze data whenever they wish.

= The time required to set up and alter experi-
ments will be reduced.

= Experiments may be operated remotely by
researchers in distant or small institutions.
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Computers Help improve patient care

The computer as an element in the medical
environment is the -concern of Dr. Shannon
Brunjes and his colleagues at the Los Angeles
County Hospital. In their paper, the authors
describe a systcm of out-patient preseription-
information storage that uses remote CRT dis-
plays on line to the hospital’s IBM 360/30. Envis-
aged is a larger information system, including in-
patient drug orders and clinical information
entered directly by the physician. Dr. Shannon
notes that the hardware to do this is available now
but that the programs are not. Specialized soft-
ware is a necessary part of system design, he
indicates. (If you want to hear more about the use
of computers in medicine take a look at Session 7,
where Dr. Donald C. Harrison of the Stanford
University School of Medicine discusses on-line
patient care.)

LS! is nearing reality

The effect of LSI on computer system design
will be examined by a panel in Special Session B.
Opening the discussion will be Richard Petritz of
Texas Instruments, Dallas, who will be covering
the state of LSI technology principally in mono-
lithic integrated circuits, hybrid arrays and large
arrays with discretionary wiring. Another en-
thusiastic proponent of LSI is Gordon Moore of
Fairchild Semiconductor, Palo Alto, Calif. He
predicts that LSI will be a reality by 1970, with
costs of 5 cents a gate and memory costs of 2 or 3
cents a bit. He hopes to be able to establish a set of
economic ground r.les for the computer designer,
in terms of quantitics for feasible production runs
and turn-around tin, 3 for changes to designs in
production. D«bating the applications of LSI for
large-scale sv:tems will be Gene Amdahl of the
International Business Machines Corp., San Jose,
Calif., and covering small systems will be L. C.
Hobbs of Hobbs Associates, Corona del Mar, Calif.

In the debate that will follow the presentations,
some of the questions the computer engineer
might like to hear answered could be these:

® When will there be some industry agreement
on what constitutes LSI?

® When are the manufacturers of integrated
circuits going to produce examples of LSI that are
nontrivial and economic for the computer manu-
facturer?

® When and how is the problem of multilayer
interconnection on a chip going to be solved?

Design automation will reduce costs

Both semiconductor and computer manufac-
turers agree that the problems of the design of
LSI arrays will require automated design tech-
niques to allow economic use. Thomas F. Prosser

(continued on page UIE)
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Engineers can design their own microcircuits
by means of Norden's Master Dice Bread-
board. The monolithic integrated layout con-
tain 6 transistors, 33 resistors (Booth 5031).

Fluidic control is used in Univac's pneumati-
cally controlled document-handling system. A
motion control track is shown (Paper 11/5).
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Solderless electrical connections are wrapped
to stay . . . wrapping time is less than one
second each . . . Using Gardner-Denver ““Wire-

Wrap'" tools. You save hours of handwork.
You save inspection and rework time as well,

because ‘“Wire-Wrap'' tools make reliable con-
_ _ nections, even in inexperienced hands. Widely

Your choice of power for hand “Wire- " L 2
Wrap” tools . .. electricity, compressed used for wiring television, instruments, com-
alf, or rechiargedtie Dattery. Ve also munications equipment, computer panels and

make manual tools for field servicing.
Bulletins 14-1, 143 and 14-7. missile guidance systems.

in less than one second each

Reliable! More than 40 billion solderless

Modular panels are quickly and secure-

ly wired on Gardner-Denver automatic
““Wire-Wrap”” machines, which are
programmed with punched cards for
maximum flexibility. Bulletin 14-121.

wrapped connections have been made with
“Wire-Wrap” equipment without a single re-
ported electrical failure.

Film is scraped from wire and Solderless wrapped connections re-
terminal at contact points. High main gastight even when exposed to
pressure metal-to-metal contact severe changes of temperature and
invites solid state diffusion, main- humidity . . . so they're not affected by
taining low connection resistance. atmospheric corrosion.

/)|

Initial pressure may go as high as  Flexible lead-off absorbs vibration and
100,000 psi. Pressure drops as handling shocks . . . permits wrapped
wire relaxes, but stabilizes at a  connection to stay tight and mechani-
value greater than 29,000 psi. cally stable.

SEE WHAT AIR IS DOING NOW...SEE
GARDNER - DENYER

Gardner-Denver Company, Quincy, lllinois
ON READER-SERVICE CARD CIRCLE 56




(continued from p. U92)
of the Philco Ford Corp Santa Clara, Calif., in a

paper in Session 4 of the Eighth International
Electronic-Circuit Packaging Symposium cites a
component cost reduction factor of 10 or more
through the use of computer-aided design. Propo-
nents of LSI are painting a rosy future for it, by
citing the advantage of tremendous computing
power at very low cost. However, opponents are
likely to retort that for large systems, the circuit-
ry costs are likely to be only 5 per cent of the total,
so that even a 50 per cent reduction in circuit
costs will not significantly reduce the total system
cost.

High-density recording packs them in

Bulk storage has always been important to
computer users and designers. The cheapest bulk
storage device is still the magnetic-tape unit (less
than 0.001 cents a bit), although it is being hard-
pressed by the other electromechanical storage
devices, principally the magnetic disk (0.02 cents
a bit). As a result there is considerable pressure
on tape-unit manufacturers to improve the per-
formance of their products.

Reporting on their work in Session 12 are
Donald T. Best of the Ferroxcube Corp., Saug-
erties, N. Y., with a paper on magnetic head de-
sign, and Kermit Norris of the Leach Corp.,
Azusa, Calif. Norris describes a novel technique
that uses a relatively simple one-track system, yet
achieves a density of 10,000 bits an inch with an
error rate of less than 1 in 10® bits. More unusual
are the electron-beam and laser recording methods
to be reviewed by Charles F. Spitzer of the Ampex
Corp., Redwood City, Calif. These methods use
modulated electron and laser beams on thermo-
plastic and siver halide films, which are developed
and then coated with a plastic scintillator. When
scanned with electron or light beams, the scintilla-
tor emits light that is detected with photomultipli-
ers. Much of the work is still in the developmental
stage, although a large computer manufacturer
hopes to deliver an electron-beam system shortly.
The author looks for a factor-of-10 improvement
over magnetic tape and cites densities of the order
of 107 bits a square inch.

Materials engineer

Microelectronic packages:
The approaches fan out

The revolution in electronic components in the
last decade has been accompanied by an upheaval
in packaging and in the methods used to inter-
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Four-layer digital logic module from Sylvania is formed
by firing and screening metal and glass layers alterna-
tively on alumina substrate. Thermal characteristics are
reportedly some 50 times better than glass-epoxy.

connect components.

The stamped metal chassis needed to hold tubes,
and the wire, installed by women with soldering
irons, have been superseded by printed-circuit
boards with their plated interconnection patterns.
Dip soldering fastens scores of components in
place, allowing one worker with a tub of boiling
peanut oil to do the work of a dozen girls with
soldering irons.

Now, the popularity of integrated circuits makes
even greater demands on packaging and inter-
connection techniques, and designers are meeting
this challenge by creating multilayered intercon-
nections in packages that can be batch-processed.

The simplest approach to multilayer intercon-
nections is the double-sided printed-circuit board.
Here, plated wires are photoformed on both sides
of the printed-circuit board. Where current must
flow from one side of the board to the other, eye-
lets, or plated holes in the board, provide the paths.
Components can be mounted on either or both
sides of the board.

More complex boards can contain several insu-
lated layers of plated interconnections on one side.
The additional interconnection density afforded by
multilayered boards costs considerably more than
lower-density wiring approaches.

Another approach to the solution of sophistica-
ted wiring problems is the numerically controlled
installation of ordinary, flexible wire. Here, a
machine working under the direction of a set of
programed instructions automatically intercon-
nects a rack of contact pins.

Designers encounter problems amenable to a
similar solution in the pursuit of large-scale inte-
grated arrays: LSI requires the development of a
flexible, automatic interconnection method that
can operate in a microscopic framework. At
present the individual sub-circuits of a wafer are
probe-tested and then interconnected by a special
metalization pattern that is automatically gener-
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ated by a computer. Unfortunately the computer
time expended on the generation of a mask for one
wafer is not applicable to the interconnection of
the next wafer.

These and other aspects of interconnection and
packaging technology are reported at WESCON’s
Technical Session 4.

Medjcal electronics engineer

Better cardiac monitors
sought to cut death rate

The engineer attending the medical electronics
session will hear that his efforts are needed to save
the lives of 200,000 persons a year—cardiac-care
patients who die from heart failure and shock
because the doctors’ stethoscopes cannot pick up
the danger signs in time. Improved electronic
monitoring must be developed to cut the toll.

Patient-monitoring systems are proliferating
because their value in around-the-clock observa-
tion of persons who have been stricken with
coronary occlusions—heart attacks—has been
dramatically demonstrated. Already more than
300 of the approximately 7000 hospitals in the

Caf;ﬁ;c Wpéramétwe?sm;reﬂ ai§played on oscilloscope at
Columbia Presbyterian Medical Center, New York. Many
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lives are saved, but more are lost because the ubiquitous

United States are reported to be equipped with
coronary-care wards—most in the last year or
two. As Dr. Curtis E. Miller, head of medical
research at Beckman Instruments, Inc., Fullerton,
Calif.,, and chairman of the WESCON session,
says: “Many people who have heart attacks are
candidates for further trouble within two weeks
after their attack.”

Before electronic monitoring, about 40 per cent
of the coronary patients admitted to hospitals died
before medical help could be marshaled. Patient-
monitoring systems are said to have cut this
mortality in half.

Dr. Eliot Corday, a cardiologist at Cedars-Sinai
Hospital in Beverly Hills, Calif., who will deliver
the opening paper at the WESCON session, un-
derlines the importance of these systems:

“We know that we are going to save the lives of
100,000 coronary patients a year when we get
every patient who has a coronary monitored with
electrocardiographic equipment minute by min-
ute, and I read this into the Congressional Record
in April,” he told ELECTRONIC DESIGN.

“We are still losing 200,000 lives due to heart
failure and shock, and it’s obvious that to save
those patients we’re going to need other types of
monitoring equipment to measure blood pressure,
cardiac output and various pressures on the right

.' I

stethoscope cannot reliably predict further trouble.
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and left sides of the heart.”

Dr. Corday says that the greatest need right
now is for a simple apparatus that can record
blood pressure from within an artery from second
to second (it would be left inside the patient), and
for something that will measure cardiac efficiency
externally (an indirect measurement which does
not require anything to be implanted).

“This is what we’re shooting for,” Dr. Corday
says, “and I hope we can have it in a few years.
. . . We're not recognizing the danger signs of
heart failure and shock; we’re not picking them
up on our stethoscopes.”

Another WESCON panel member, Dr. Donald
Harrison, chief of the cardiology division at the
Stanford Medical Center, says:

“It is useful to be able to measure cardiac out-
put. One way of gaining some idea of this output
is to measure the oxygen content of the central
venous system by means of fiber optics. This gives
an insight into how well the heart is functioning.
The devices are not now practical for cardiac-care
units, but I think they will be. The problem is one
of size: it is necessary to get them small enough. 1
think that within a year or two they will be used
widely.

“However, I have given up, after several years
of intensive study and discussion with engineers,
on getting useful indirect measurements. We’re
going to have to live with catheters and tubes and
fiber optic bundles. I don’t believe there is much
capability in a year or two for indirect measure-

the monitor detects an irregularity. The unit is used in
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Cardiac pacemaker restores a patient’s heart beat when

ments. In five years, perhaps.”

Dr. Harrison’s mention of catheters and tubes
was a reference to the devices now being devel-
oped by such companies as Statham Medical
Instruments, of Los Angeles, to measure blood
pressure accurately. These involve the insertion of
a tube into a blood vessel, so that a transducer can
produce a continuous waveform output. In the fall
Statham plans to introduce a subminiature blood-
pressure transducer—Iless than 0.060 inch—that
can be implanted for at least the duration of the
patient’s stay in the cardiac-care ward. Present
catheter-transducer devices must be replaced
after a few days. However, transducers such as
Statham’s are regarded as only an intermediate
step.

The more general purpose of the WESCON
session is to permit doctors who have had direct
experience with patient-monitoring to give a
critical review of this healing art: its problems,
progress and prospects.

According to Dr. Miller, many hospitals think
they need patient-monitoring systems but are
uninformed about what they need. At WESCON
the speakers will try to provide information both
to the medical profession and to the instrument
manufacturers.

For example, equipment should be designed
with personnel in mind. Will engineers be in
attendance in the hospitals ? Or will the equipment
be operated by nurses? What about maintenance?

There are other types of patient-monitoring

SR

NESEL

the intensive care ward of University Hospital, NYU Med-
ical Center, New York.
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systems besides the cardiac units. Beckman In-
struments is developing a device to protect prema-
ture babies against a common tendency for them
to stop breathing. Nowadays a nurse walks
around the incubators and checks. With the Beck-
man device, an alarm goes off when respiration
stops.

Intensive care is another form of monitoring
for patients who are seriously ill from a variety of
causes: shock, traumatic surgery, brain damage,
burns. These patients have to be checked extreme-
ly closely to detect the onset of difficulties that are
secondary to the major illness.

Still other monitoring devices are used mainly
in diagnosis. For example, a person may complain
that his heart is fluttering or causing him pain.
The electrocardiogram taken in the doctor’s office
may not show anything abnormal. But the physi-
cian knows from experience that patients have
walked out of his office in similar circumstances,
only to succumb to heart failure a day or two
later. Now there are on the market portable tape
recorders that, attached to a person, permit con-
tinuous recording of an electrocardiogram for up
to 10 hours. The tape can be played back very
rapidly under computer control to reveal patholog-
ical symptoms.

The computer itself has not yet begun to reach
its full potential in patient-monitoring. In a very
few hospitals time-shared computers are used for
monitoring arrhythmia—irregular heartbeat—
from electrocardiographic inputs. Dr. Harrison is
confident that they will come into wider use,
particularly when the number of parameters that
have to be monitored increases.

“I think the next generation of time-sharing
computers will lend themselves to monitoring,” he
says. “The data could be preprocessed on analog
systems before they are run in the digital ma-
chines.”

Publicity accorded the introduction of comput-
ers in the hospitals seems to have been misdirect-
ed, in the opinion of some experts. A spokesman
for Montefiore Hospital in New York City says
that the first things hospitals have done with the
machines were the housekeeping chores—payrolls,
purchase orders and the like. But many have been
at a loss to use the computers in direct medical
applications. Programing is said to be a problem.
One doctor’s description of symptoms might differ
from another’s.

Some of the computer applications instituted by
Montefiore are:

s A daily printout on every floor of laboratory
tests run for patients on that floor. Instead of
laboriously copying reports by hand, a nurse could
post the printout at the foot of the patient’s bed.

= Storage of all X-ray records going back four
years. Any time an unusual condition occurred,
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records of similar conditions could easily be
tuned up.

®m Analysis of the results when two different
radioisotopes are administered to the same pa-
tient. To separate the results, it is necessary to
solve equations. The computer can accomplish in 2
minutes what it took a mathematician a day and a
half to solve.

Microcircuit systems designer

MOS arrays and linears
are reaching maturity

There are four important trends in microcir-
cuits today: the proliferation of stable, producible
MOS arrays; the explosion of linear microcircuits
—monolithic circuits that perform analog func-
tions; the tendency to perform these analog func-
tions with inexpensive digital microcircuits; and
the spiraling of microcircuit complexity. The
latter trend, semiconductor manufacturers be-
lieve, will lead to development of large-scale arrays
and will place in the manufacturers’ hands re-
sponsibility for the design of a substantial portion
of future electronic systems.

WESCON does not pretend to be a microelec-
tronics show. Yet, its technical sessions and an
accompanying two-day symposium touch on each
of these four important areas. Unfortunately, two
of the most interesting technical sessions 8B and
10 conflict with the two-day microcircuit symposi-
um. There is, however, a profitable recourse.

The experienced designer can attend Session 1
(“Linear Integrated Circuits”), Session 8B
(“Large-Scale Integration of Computer System
Design”) and Session 10 (“Digital Approach to
Analog Functions”).

The beginner can attend the two-day symposi-
um, “Microelectronics Comes of Age.”

Four of the five papers at Session 1 describe the
design and application of a specific microcircuit
made by the author’s company. Ralph Seymour of
Signetics, for example, discusses the application
of a Signetics chip containing two transistor
triads (driven by a small bias circuit) for i-f or rf
amplification. Similarly Motorola’s Leo Wisser-
man and Bill Ehrsam discuss a dual operational-
amplifier microcircuit recently introduced by
Motorola. Jerry Gibbs of Amelco Semiconductors,
Mountain View, Calif., describes the marketing
considerations that inspired Amelco to introduce
an inexpensive version of the 709C operational
amplifier, which it calls the 809C. He shows those
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areas where the 809C performs adequately enough
for the designer not to have to resort to the 709C,
a chip of greater size and complexity. The 809C
costs $4.50, but Gibbs feels that its small size will
allow the company to drop the price into the $3
range in two to three years and still make a profit.
Fairchild’s pA709C is presently selling for $4.95.

Session 8B presents a panel of experts conver-
sant in LSI (large-scale integration), that popu-
lar conversational gambit usually found at the
other end of the digital microcircuit rainbow.

The electronics industry is about to witness a
boom in linear microcircuits (see “Tiny exploding
world of linear microcircuits,” ED 15, July 19, pp.
49-72). The linears are, however, lagging several
years in development behind their digital counter-
parts. Session 10 sheds some light on that area of
systems design where it may well be easier to use
digital microcircuits to perform analog functions,
than to design linear microcircuits.

A paper to watch is the second presentation of
the session. It is entitled “Four Digital Arrays Do
All Algorithms,” by George Sendzuk of General
Electric, Binghamton, N. Y. He describes how four
digital MOS arrays can simulate an analog filter
of any frequency response. Hooking together the
four arrays in the appropriate manner can save
the designer of a digital system the trouble of
converting a pulse train to an analog signal,
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Interim approach to large-scale integration is exemplified
by this card-sized ceramic board which is designed to
carry 24 uncased circuit chips. Here only two are shown
in place—one right side up and one flipped.

U100

filtering it, and converting it back to a pulse train.

The two-day microelectronics symposium offers
the designer who lacks experience with micro-
miniaturization more than the technical papers
offer the designer who has already acquired a good
deal of microcircuit savvy. It covers the basics of
every area of production, from thin and thick
films to monolithic integrated circuits. It describes
the basic theory of the devices of microcircuitry,
from bipolar to MOS transistors, and from ordi-
nary thick-film resistors to multilayered, thin-film
capacitors. It presents basic applications informa-
tion for both digital and linear integrated circuits.
Packaging and wiring techniques as mundane as
mechanical wiring are discussed right after those
as esoteric as large-scale integration, which at the
moment is an interconnection problem requiring
computers for its solution.

The first day’s symposium papers are divided,
as is the field of microelectronics itself, into the
hybrid (multichip) approach and the monolithic
(single-chip) approach. A particularly interesting
account of an automated hybrid production line is
given by Mort Penberg of the Aerojet-General
Corp., Azusa, Calif. Using an automatic vacuum
deposition system developed at Aerojet-General,
the automated production line deposits up to 40,-
000 thin-film circuits onto substrates in one pump-
down; attaches transistors to the substrates
automatically, with numerical control machines;
and then checks each circuit on computer-con-
trolled test equipment. The Aerojet-General
system can manufacture and test a wide variety of
thin-film circuits. In another paper, Wayne Moy-
ers, head of microelectronics at the Lockheed
Electronics Div., Lockheed Aircraft Corp., de-
scribes the design and manufacture of a mass-
produced thin-film circuit used in touch-tone
telephones. The circuit, developed at Bell Tele-
phone Laboratories for the Bell System’s manu-
facturing division, Western Electric, uses a beam-
lead microcircuit as an oscillator.

The afternoon session delves into the monolithic
approach to integrated circuits. Several papers
deal with the basic theory-processing and design
of bipolar . microcircuits. Other papers explore
those three new stars of monolithic integrated
circuitry: the MOS array, the linear microcircuit
and the microwave microcircuit. These are
presented in papers 3/5, 3/6 and 3/7 by M. Suss-
man of the General Instruments Corp., Newark,
N. J.; Jack Gifford of Fairchild Semiconductor,
Mountain View, Calif., and V. Gelnovatch of the
Army Electronics Command, Fort Monmouth,
N. J. MOS arrays have been around for several
years, but instability problems that have prevent-
ed their widespread use have been solved and
sophisticated circuits that use four-phase logic
and complementary transistors have been devel-
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Variations in the output frequency of gas lasers—such as pressure of the constituent gases. Possible solutions to
this helium-neon setup—may be caused by shifts in the the problem are described in Paper 5/2.

IC preamplifier by RCA replaces magnetic cartridge in phono
arm. It's another example of the inroads ICs are making in
the consumer products areas (Microelectronics symposium).

Improved communication with reentry space vehicles is
the goal of researchers at Kirtland AFB, N. M. The visi-
corder output provides transmission data on various
spacecraft window materials subjected to high tempera-
tures by a 330-kW arc plasma generator in the back-
ground (Paper 5/2).




oped since the last WESCON.

Linear microcircuits, long the orphan of the
semiconductor industry, are starting to come into
their own. Their obvious home is the consumer
market, where high volume helps offset the large
development costs associated with linear microcir-
cuits. Scores of linears for home entertainment
products, like RCA’s dual Darlington amplifier
designed for a phonograph cartridge (see photo),
are starting to appear on the market.

The use of high frequencies can exploit the
limited size of capacitors that can be fabricated on
a chip. Stripline techniques can even be used to
make distributed inductors, which have usable
values at microwave frequencies.

The key to microwave microcircuits is the
development of good, high-frequency transistors,
and that, in turn, requires extremely narrow
emitter widths and shallow diffusions. One ex-
perimental approach to the fabrication of such
fine geometries is Westinghouse’s electron-beam
etching machine. It operates on the principle that
glass tends to etch faster when it is bombarded
with electrons. Hence it uses the glass itself as a
photoresist in the microcircuit production process.

Production techniques have progressed consid-
erably faster than the education of the design
community, says Glen Madland, president of the
Integrated Circuit Engineering Corp., Phoenix,
Ariz. Madland peers into his crystal ball at the
symposium to spot trends in the integrated-circuit
field.

The two-day symposium will not make an
expert of an integrated-circuit novice, but for $30
it offers working knowledge of the techniques and
is a good place to start.

Microwave engineer

Phased-array makers
consider mass output

The hottest topic in the microwave industry is
phased arrays. If they make it, they can provide a
much-needed new market for the microwave
industry. The question is, will they? To hear the
opinions of experts, drop in on Session 14 (“The
Future of Solid-State Phased Arrays”).

The problem is not R&D; it is the cost of pro-
duction, according to at least one member of the
session’s panel, Malcom Vosberg of the Institute
for Defense Analysis.

“We cannot afford the arrays we are building
now; we’'ve got to get the cost down,” he says,
“and mass production is the only way to do it.”

Phased arrays are just about the only micro-
wave system where mass-production techniques
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are applicable, because they have many identical
elements. (An element contains the steering
circuit, or phase shifter; the drive circuit for the
shifter; the transmitter; the duplexer and a low-
noise receiver-preamplifier.)

A controversy arises at this point. How many
elements should be used in phased arrays? One
school of thought in industry leans toward arrays
with 10,000 to 100,000 elements; the other favors
the use of as few as possible—on the order of
hundreds. Both sides will be represented on the
panel.

The trade-off revolves around the power-aper-
ture product of the antenna. “With many aper-
tures, we can stop pushing for high powers in
each element,” says Vosberg, “but this means that
their cost must come down to about $100 to $200
per element.” If there are 100,000 elements, it
does not matter much if 10 or 100 of them stop
working; tolerances and reliability requirements
can be relaxed. This reduces the cost.

With a few apertures, the power requirements
go up, along with reliability and tolerances, there-
by increasing the cost. One example of this ap-
proach is the radar designed by Bell Telephone
Laboratories of Murray Hill, N. J., for the Nike X.

The lack of efficient assembly-line production
techniques made the second approach the accepted
solution, says Vosberg.

Where are the markets?

To find the market, the panel will examine the
advantages and limitations of phased arrays, as
well as three major applications areas that appear
to be promising at this time.

The first area is, of course, where the elec-
tronically controlled scanning of phased arrays
tops other antenna types in providing fast cover-
age. In ballastic missile radars, phased arrays are
already replacing parabolic types.

The second area of promise for phased arrays
is when the antenna becomes too large to be
moved mechanically—for example, in space track-
ing. Phased arrays are installed permanently;
hence their size is not limited. “You can make
them the size of the Empire State Building,” says
Vosberg.

The third applications area may become the
most significant in the long run. The idea is to put
the array on the outer surfaces of aircraft and
space vehicles. This design allows communication
in all direction without swinging dishes around on
gimbles, which comes in handy in satellite com-
munications. The concept is aptly called conformal
phased arrays.

Some members of the WESCON panel feel that
these possibilities will hardly be sufficient to start
a mad scramble among manufacturers. They
estimate that only a few companies will end up in
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Electron-gun etching machine developed by Westinghouse Noise figure measurements on an rf FET mixer are
can be used to etch glass coatings on microcircuits with made by Siang Pink Kwok of Motorola Semiconduc-
no photoresist (Microelectronics Symposium Paper 3/1). tor, Inc. (Paper 8/1).

Arrays of silicon photo-tran-
sistors, operating in a photon
flux integration mode, are
reported to make it possible
to obtain full frame storage
at even commercial televi-
sion rates. The linear array
(above), developed by Fair-
child Semiconductor, con-
tains 200 phototransistors,
although only 50 are hooked
up (Paper 13/2).
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1. Design concept of solid-state phased arrays is based on
a modular approach. The array face (top) has plug-in
modules that provide 128 solid-state elements (center).
Each plug-in unit (bottom) has eight amplifiers, radiating
elements and transmitting and receiving circuitry.
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2. Integrated microwave receiver contains a miniature X-
band ferrite circulator that leads to a tunnel-diode rf
amplifier (not shown), a mixer, a wide-band i-f amplifier
and circuits that generate an X-band local-oscillator sig-
nal. A four-times multiplier provides the X-band signal
from an S-band input in this RCA unit,

this field. This centralization will change the
component supply somewhat, experts say. At the
moment, talents are scattered; the designer may
want to go to Texas Instruments for a receiver
transistor, to RCA for a power transistor and to
Microwave Associates for a switching diode. But
those who will get into the business of mass pro-
duction will have to try to combine all these tal-
ents under one roof, to make their operation as
efficient as possible.

Getting down to the finer points of engineering,
the panel will try to establish guidelines for spe-
cific system parameters. Frequency and power
levels for both solid-state and tube systems appear
high on the agenda.

Solid state and the increased use of microwave
integrated circuits are of interest, not only from
purely engineering considerations but also be-
cause they help to reduce cost and facilitate mass
production.

Most panel members agree that monolithic
fabrication is just not suitable for microwave
circuits at present. The transmission lines that
constitute the inactive parts can be built only in a
hybrid fashion. Microwave integrated -circuits
mean flat chips on a substrate, which may be
ferrite for frequencies where ferrite devices are
needed—mostly above S band. Below S band,
semiconductor devices seem to take over all
switching and beam-steering functions.

At least one panel member says that he would
rather hold off the solid-state approach till tran-
sistors with 15 to 20 watts’ output become avail-
able. “It does not make much sense to push devel-
opment above L band, since we are just beginning
to get transistors with a few watts of output in
these frequencies and noise figures around 4 dB,”
says Vosberg, “and I'd like to see 10 or 20 watts
before I can get serious about solid-state transmit-
ters.”

But it’s an even bet that others on the panel will
challenge him on this.
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..and switch to the
highest quality switches
ever made: Shallcross!

These are the switches designed for
function and performance, not to low
price.Yet they’re priced competitively!

They give you a quality “feel.” A solid
feel. The kind you don’t get in cheaper
switches.

Not surprising. Because we use only
the best materials and conservative de-
sign standards in creating Shalleross
rotaries. For both commercial ratings
and switches designed to MIL-S-3786.

All this pays-off for you. With Shall-

cross switches, you get lower initial con-
tact resistance. So you can use them on
more exacting applications.

You get better contact-resistance sta-
bility, so your equipment holds calibra-
tion better.

And you get better voltage and cur-
rent ratings for a given size. More switch
per volume.

You get versatility, too. Select from 1”
wafer, 134" deck, and 214" deck config-
urations, plus round and oval ceramics
—for every rotary application.

Join our rotary club. Switch to the
Number One rotary switch: Shalleross.
See your local Cutler-Hammer Sales
Office or Shalleross Stocking Distribu-
tor. Or write for catalog LA-163-0217.

Join our

rotary club

SWi'l'Ch Aore than just switches: 3

prompt availability,

field help, innovation,
|'O NO.] ﬁality assurance foo.

Cutler-Hammer offers a complete selection of
other quality switches. Commercial forms are
covered in catalog LL-290, Military ratings in

Catalog LL-291.

CUTLER-HAMMER

Milwaukee, Wisconsin 53201
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ONE CONPANY

as demonstrated the capability

fo design, produce and deliver
the only broad line of complex

MTON arrays (LSI) available tod

MTOS MICROCIRCUIT ARRAYS (T»= —55°C to +85°C)

SHIFT REGISTERS o2 NUMBER ‘\ o L ;"u‘ LH NUMBER | SUPPLY

Z|3|  FRequENcY OF |Z18(3|8| o VOLTAGE

TYPE FUNCTION G|E BITS HEHE CLOCKS |  (VOLTS)
MEM 3005pp: (251D PARBLLELING. iy dc to 1.0 MHz 5 x| x| x| : 2 |—27v=av
MEM 30055p | 3BT SERIAL IN/ x| | deto1.0MHz 5 x[x| | 2 Tl
mEm 3008ps | BT 26 PARMLEL | x| | dcto 1.oMH: 8 x| x [l e
MEM 30125p |12.BIT SERIAL IN/ X dc to 1.0 MHz 12 Txx 1 |—27vav
MEM 3016-2 |DUAL 16-BIT X dcto 1.0MHz | 32(16,16) X i il S0y =Y
MEM 3016-2D | DUAL 16-BIT | [l 32(16,16) X x| b2 S[EEV R
MEM 3020  |20-BIT X dc to 1.0 MHz 20 X XM 2 e ey
MEM 3021  |21.BIT X dcto 500 kHz | 21(1,4,16) X x| 1 [-27vxav
MEM 30218 [21-BIT X dcto250kHz | 21(1,4,16) X x| 1 [-27vxav
MEM3032 |16 BINARY X dcto 1.0 MHz | 32(1,1,2,4,8,16) X X e
MEM 3050 |DUAL 25-BIT X mlgo'(‘,";fm 50(25,25) X x| 2 |—27v+1v

wewsoss | SEE SR K oome | e | x| x|« | v

plus these other exclusive MTON devices...

MIOS SILICON P-CHANNEL ENHANCEMENT MODE FIELD EFFECT TRANSISTORS (T, = 25°C, BODY GROUNDED)]
TYPE vGS' ID (o") 'DSS IGSS BVDSS BVGSS YIS cgd Tos n"
(VOLTS TYP) (mATYP) | (nATYP) (nA TYP) (VOLTS) (VOLTS) (umho TYP) pf TYP) (2 TYP)
MEM 511 —40 | —6 | —05 | —01 | —30 | —30 | 2500 [ 2.0 | 150
MEM 517 —35 | —60 | —08 | —0.1 | —30 | —25 | 12,000 |10 30
MEM 517A —35 | —60 | —08 [ —01 | —30 | —25 | 12,000 |10 30
MEM 5178 —35 | —60 | —08 | —0.1 [ —30 | —25 | 12,000 |10 30
MEM 520 —40 | —6 |—05 | — 03 | —30 NA | 2500 | 2.0 | 150
MEM 550 —40 | =5 | —01 [ —01 | —30 | —25 [ 1400 | 11 | 250
MEM 551 —40 | —5 | —05 | — 03 | —30 NA 1400 | 1.1 | 250
2N43 —40 | —6 |—05 | —01 | —30 | —30 | 2500 | 20 | 150
LOGIC CIRCUITS (T,= —55°C fo +85°C) | __POWER SUPPLY | PROPAGATION| CAPACITANCE| peon e o
CONSUMPTION | VOLTAGE DELAY (o) oy
TYPE FUNCTION (mW) (VOLTS) (ns) (TYP)
MEM 1000 | DUAL FULL ADDER <70 ToTAL |~ 33V =1V 350 (TYP) 3.0 —_
MEM 1002 | DUAL 3-INPUT_NOR GATE| < 40 (MAX) |—27V =1V | 200 (TYP) 3.0 —
MEM 1005 | R-S-T FLIP-FLOP <80 |—27V =1V | 950 (MAX)| _ 3.0 _|dc to 500 kHz
MEM 1008 | DUAL EXCLUSIVE
OR/NOT GATE 50 (TYP) |—27V =1V | 500 (TYP) 3.0 —_—
MEM 1013 | QUAD 2 INPUT NOR GATE| 9 mW/circuit | — 33y =1V | 300 (TYP) 3.0 _
MEM 1014 | QUAD 2 INPUT AND GATE| b (Il 231 23V =1V 300 (vey | 3.0 ——
MEM 1015 | DUAL J K FLIP-FLOP 60 RNl — 30 |dctolmHz
MEM 1022 | 9-BIT_PARALLEL
BTy DETEeTOR 50 —27V =1V | 500 (TYP) 3.0 dc to 500
MEM 1050 | 4 STAGE BINARY 300 T 7
UP-DOWN COUNTER i :
MEM 1051 | BUFFERED D/A ~13V =15V
CONVERTER 25 25V 43V 3.0 dc to 500 kHz
*The MEM 1014 provides Four 2-Input and Gates
(Circuits 1, 2, 3, 4) plus One 2-Input N and Gate (Circuit 5)
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GENERAL

INSTRUMENT

WESCON BOOTHS 5401-5404

af prices that reflect the
highest yields in the industry...

LARGE DIGITAL SUBSYSTEMS SUPPLY
CONGUNER on|  VOLTAGE B DESCRIPTION
TYPE FUNCTION (voLts)
Complete logic and analog
A/D-D/A CONVERTER dc to switching for 10-bit succes-
MEM 5014 | EiFMENT 135mW |27V =2V | 560 kHz | sive approximation A/D
converter,
Sixteen Channel Multiplexer
16 CHANNEL RANDOM ;
MEM 5015 70mW |—27V =1V | 100 kHz | with address storage and
ACCESS MULTIPLEXER i
—13v+= 1V Ternary type DDA perform-
MEM 5021 | DDA ELEMENT 100mW | T35V 3 1y | 800 KHz | [nerY, NE e integration.
—13V + 1V dc to Shift Register content
MEM 5031 | SERVO ADDER 25mW | 57y + 1V | 1.0MHz | decision unit
2 Input Delta “Y" Summer
SIGMA DELTA “Y” 10 kHz to ) Aol 4o A
MEM 5035 25mW |—13V 1V used in conjunction with
SUMMER 1 MHz | SRee 18 coPI
G { A Complete 10-BIT A/D
MINIATURE A/D —15V = 2V omplete 10-
S-C-100 CONVERTER SYSTEM | 300MW | 35y 5 oy | 100KHZ | Gonverter System
REF. VOLT
R St 1y 000 o ON CAPACITANCE | BV, BY.
A== 0 + RESISTANCE | RESISTANCE oss o35
(pf) Cgd (VOLTS) (VOLTS)
TYPE FUNCTION @ TYP) (@ TYP)
MEM 2002 | 5 CHANNELS (4 Channels
ot Dty 100 200 1.1 —30 —30
MEM 2003 | 4 %TQI:SI:J)ELS (Protective 101 200 1.1 _30 _30
MEM 2004 | 4 CHANNELS (No Diodes) 101 200 T —30 +60
MEM 2005 | 4 %l;:':\lnl\;::')LS (Dual 2 100 200 o e e
MEM 2006 | 3 CHANNELS (2 Channels
o o RO 10 200 1.1 —30 —30
MEM 2009 | 6 (It)l;'lol}jbely)ELS (Protective 100 150 19 _30 _30
N OFF SIGNAL
SERIES SHUNT CHOPPER RESISTANCE | RESISTANCE | yormaee
OFFSET | CLOCK | FREQUENCY | PER UNIT | PER UNIT | LA
VOLTAGE ® (kH2) (SEslersn?R (sg.lls's“;m RANGE
TYPE FUNCTION & TYP) @ TP (TYP)
MEM 2008 | INTEGRATED SERIES
SHUNT CHOP. CIRcurT|  © : 0 i R i

Contact your authorized General Instrument Distributor for off-the-shelf delivery.
In Europe, contact General Instrument Europe, Via Turati 28, Milano, Italy.
Write for complete data.

GENERAL INSTRUMENT CORPORATION

800 WEST JOHN STREET, HICKSVILLE, L. |,

ON READER-SERVICE CARD CIRCLE 58
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FLUIDIC LOGIC TAKES TO THE AIR

Control elements that use gases can
guide missiles and stabilize helicopters

Roger Kenneth Field
Technical Editor

Despite the great flood of publicity about fluid-
ics, designers find the new technology obscured by
the shadow of electronics. Yet fluidic logic and
control elements can reliably perform many intri-
cate tasks, particularly where the equipment is
expected to work in the face of temperature
extremes, stifling humidity, chronic vibrations or
violent shock.

Fluidics refers to a technology invented in 1958
in which streams of fluids—Iliquids or gases—are
controlled by other streams of fluids. These fluids
travel in channels and passageways that are
gouged, etched, molded or milled in many materi-
als, such as clays, glass, plastics, and ceramics as
well as metal alloys like beryllium copper and
tungsten steel. The reliability of fluidic systems
hinges on the stability of the materials that com-
prise them, and the relatively simple fabrication
requirements of fluidic elements allows the use of
extremely tough materials.

The military needs a flip flop

Fluidics, like many other technologies, was spun
off military research. The basic fluidic logic ele-
ment, the flip-flop, was developed at what was
then the Harry Diamond Ordnance Laboratory.
For the Department of Defense in 1958, fluidics
represented a rocket control system that was
immune to radio-frequency jamming; it now
represents a missile control system that is
unaffected by ionizing X-ray radiation propogated
in space by an enemy’s anti-missile.

There are two pure fluid systems for the control
of rocket engine exhaust. One is an analog system,
which uses four proportional vortex amplifiers
operating in a push-pull mode at the rocket’s
exhaust to control the direction of the tail. The
other is a digital system which expels a portion of
the exhaust through a giant fluidic flip-flop built
into the tail. A fluidic guidance system in this
missile determines the relative switching time for
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each of the flip-flop outputs that keeps the missile
on course.

The basic theory and design of the proportional
system is revealed in a paper presented at the
WESCON fluidics session (Session 11). Using a
warm gas (2000°F') for the control of the engine’s
hot exhaust, 