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FAST

Measure and sort R-L-C components as rapidly as you can
move vyour hands, using the new 1654 Impedance
Comparator and 1782 Analog Limit Comparator. With the
optional relay-equipped models of the 1782 you can attain
automatic sorting rates as fast as 10,000 components per
hour.

FLEXIBLE-VERSATILE

The same setup works for either R, L, or C components
because the 1654 measures in terms of impedance
difference. Setup is easy. Just connect your production
sample or standard to one side of the bridge and your
unknowns to the other side. On two large meters read the
differences in magnitude and phase-angle between the
sample and unknown; for relatively pure components the
readout effectively is in terms of AR, AL, AC, AQ, or AD.
Comparison precision is 30 ppm. Manual sorting decisions
can be based on the 1654's meter readings or on the 1782's
GO/NO GO lights. Or, you don't have to look at anything if
you use the relay-equipped models with automatic sorting
devices.

The 1782 has four independent limits, each settable to
either a high or low limit of either A§ or AZ. Resolution of
GO/NO GO limit settings is one percent of full scale and
several 1782's can be used with a 1654 for multiple-limit
sorting.

The easy way to sort
-L-C components
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LOW COST
One of the best features of this component-sorting system

is the price. For $1250 you can get the basic 1654
Impedance Comparator (rack model) for manual use where
meter readout is acceptable. Analog output voltages are
available to drive recorders, DVM'’s, or limit devices. For an
additional $570 you can add the 1782 Analog Limit
Comparator and have four preset GO/NO GO limits. Or, for
$645 you can get a 1782 equipped with relays for
automatic sorter control. Thus, for $1250, $1820, or
$1895 you get a sorting system that can’t be beaten in price
or performance. Prices apply only in the U. S. A.

Condensed Specifications
1654 Impedance Comparator

Measuring Ranges (dependent upon frequency and voltage): R -2 ©
to 20 M2; C - 0.1 pF to 1000 uF; L - 20 uH to 1000 H.

Test Voltage Across Unknown: 0.3, 1, or 3 V, switch selectable.
Internal Test Frequencies: 100 Hz, 1, 10 and 100 kHz.

For complete information, write General Radio Company,
W. Concord, Massachusetts 01781; telephone (617)
369-4400. In Europe: Postfach 124, CH 8034, Zurich 34,

Switzerland. GENERAL RADIO

Circle 900 on reader service card



TRRERINT

Need high speed point plotting of the data you're
measuring? Like 50 points per second? Then try
our new 7591A Recorder.

Fifty points/second is a new high in closed-loop
data transfer...exactly the type dynamic response
needed for such jobs as plotting data from a muiti-
channel pulse-height analyzer. The null detector
accepts analog inputs, positions the X and Y servos,
~ and actuates the plotter...with unequalled speed
and accuracy.

Moreover, the 7591A’s plug-in desigh gives you
exceptional versatility at a realistic price. The re-
corder shown here has an incremental chart ad-
vance attached to resolve tightly grouped points
~ or permit comparison of groups of recorded data.
Z-Fold Adapter available as well.

7591A Point Plotting System with in-put plug-ins
and chart advance, ready-to-play, from $2685.

Your local HP field engineer can point out all the

_advantages of HP recorders and accessories. Or

_ write Hewlett-Packard, Palo Alto, California 94304;
“Europe: 1217 Meyrin-Geneva, Switzerland.

HEWLETT WPAGKARD

RAPHIC RECORDERS




BEST

SHORT-TERM

STABILITY

IN A RUBIDIUM
FREQUENCY STANDARD...

$7500.

That says it.

No if's, and’s or but’s. Just the
facts. The Hewlett-Packard 5065A
sets a new mark for short-term sta-
bility (rms) in a rubidium frequency
standard: less than 7 x 1072, 1 sec-
ond averaging; 2.2 x 107'2, 10 sec.
avg.; and 7 x 1073, 100 sec. avg.—
verified against the HP hydrogen
maser. Yet this 37-pound, portable
atomic standard costsyou only $7500.

More facts. The 5065A has a built-
in frequency synthesizer that lets you
change time scales as much as 1 x
10~7 by convenient thumbwheel dial-
ing—no extra cost. Fine frequency
control resolution is 2 x 1072, Signal-
to-noise ratio is greater than 87 dB.

2 Circle 2 on reader service card

Long-term stability is better than 2
parts in 10 '" per month. And the
standard has passed environmental
tests for humidity, magnetism, vibra-
tion, shock and electromagnetic
compatibility under military specifi-
cations.

Options featured: Option 01 is a
Time Standard which has a clock
pulse rate of 1 pulse/second, a rise
time of less than 50 nsec and jitter of
less than 20 nsec. Clock movement
is 24 hours. Option 02 is a Standby
Power Supply.

The price—again—of this port-
able, rugged Rubidium Standard is
only $7500. Option 01 costs $1500;

e
&
l"f
&
=
-
<
o

Option 02, $300. Or you can get
Option 03, shown above, which com-
bines both for $1800.

Now you can get all three fre-
quency standards from Hewlett-
Packard—quartz, cesium or rubi-
dium. Get more facts by calling your
HP field engineer, or writing Hewlett-
Packard, Palo Alto, California 94304;
Europe: 54 Route des Acacias,
Geneva.

HEWLETT M PACKARD

STANDARDS

02805

FREQUENCY
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News Features

Probing the News

Consumer electronics: New circuits
brighten color tv picture
Recorders: Tape equipment fights
for markets

Audio: IC’s still stalled in hi-fi and
radio outlets

U.S. Reports

Computers: Race on to supply
machines for Congress
Communications: Digital ship-to-
ship talk

Companies: Signetics-Gl licensing
deal

Military electronics: Navy wants early
say in design

Integrated electronics: CMOS for
smaller a-d converter

Space electronics: A-d converter that
can handle a billion bits a second
Government: Army purchasing on the
griddle again

Government: Dissent on

" telecommunications report

Contracts: 621B needs some selling

Electronics International

Japan: Calculators steal spotlight at
Tokyo business show amid predictions
of lower priced and programed
machines

Switzerland: Longines Wittnauer uses
light emitting diodes for digital readout
in solid state stop watch

France: Severe European componeiit
shortage hits French manufacturers
where it hurts

Great Britain: Army to replace klystron-
based line-of-sight communicator with
unit using Gunn diode oscillator in
receiver

New Products

In the spotlight

Masking camera for LSI circuits

focuses on speed and resolution
Microwave review

Price stressed in transistor line

Mixers suppress unwanted signals
Instruments review

Seismic-data echoes eliminated
Subassemblies review

Amplifier avoids spikes problem

Yag laser delivers 250 watts c-w
Components review

Dvm tube displays six decades

Phototube covers 1,100-6,000 &
Semiconductor review

IC regulator controls kilovolts

Memory requires no external logic

Title R registered U.S. Patent Office; © copyright
1969 by McGraw-Hill Inc. All rights reserved,
including the right to reproduce the contents

of this publication in whole or in part.
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Computer-aided design, act two:

Admission price exceeds forecasts (cover)
Synthesizing and optimizing designs by
computer are now attainable goals; however,
even champions of the technique are apt to
admit refinements in programing, modeling,
and graphics will be needed to achieve them
Joseph Mittleman, Associate editor

Designer’'s casebook

= Unity-gain amplifier in probe
needs only two conductors

= Circuit improves thermistor's
linearity and boosts output

= Unijunction circuit prevents
damage to transistors

= Op amp logic circuit eliminates
diode bulk-resistance effects

Simpler digital circuits in a snap

The fast switching characteristics of
charge-controlled diodes cut components
count in circuits for sharpening and
delaying pulses and generating pulse trains
Bernard Siegal, Microwave Associates (West) ‘

Circuit design 110 Linearity corrector does double duty
Forward-biased FET serves dual purpose in
gamma-correction circuit by compensating for
nonlinearity while providing temperature stability
Robin Williams, New York University

Memory 114 Delay lines—key to low cost
technology in keyboard machines
Robert A. Tracy, Friden Inc.
118 For sophisticated calculators,
core arrays are worth the price
Thomas E. Osborne, Hewlett-Packard
119 Exotic storage applications
often revive old memories
Robert W. Reichard, Honeywell Inc.
122 Military masses its cores
for battlefield conditions
Bryan W. Rickard, Electronic Memories Inc.
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Readers Comment

Myth hunter _

To the editor:

The statement on the cover of
the April 28 issue “System engi-
neering—men, methods, myths”
implies there is “myth” involved
in systemis engineering. I avidly
headed for Mr. Kestenbaum’s arti-
cle (p. 68). What a sad realization
developed. No admission of
“myth” existed anywhere. But it
didn’t take long to find some.

In the third paragraph, the im-
plication is made concretely that
every job can be done right the first
time. I would hope that all the Uni-
versity of Arizona students would
not enter into the world of reality
too enmeshed in that concept.

A quote is made at another
point: “Often you deliberately sac-
rifice performance and accuracy in
subelements to achieve the level
of cost effectiveness and perfor-

Systems engineers at work.

mance required by the total sys-
tem.” A collection of words that
gives here, retains there, and
pleases all. If he means use 10%
resistors instead of 1% in routine
circuits, yes. If he means buy a
“moderately accurate” accelero-
meter where a reliable measure-
ment is needed, no! I would advise
that any manager agreeing to this

Electronics | June 9, 1969



Something )| ¢W Has Been Added!
—_—

4x actual size

UE MONOLYTHIC
CERAMIC CAPACITORS

now have a phenolic terminal base

Type 7C Radial-lead Capacitors are made with alternate layers of sprayed ceramic di-
electric material and screened metallic electrodes, fired into a solid homogeneous block
and coated with a tough phenolic resin. Their new bossed terminal base construction
provides these advantages: (1) No resin run-down on leads. (2) Uniform lead spacing is
automatically maintained. (3) No dirt and moisture entrapment; degreasing fluid flows
freely between capacitor and board.

Maximum '
Body EIA Operating Cap. Change Capac- | Capac- 8 :
Code | Charac- Temperature Pover |WVDC | ftance | _itance Also made with axial
teristic Range | Temp. Range Range ' Tolerance leads, Monolythic® Ce-
| _ssc 50 | sipF | 2% | ramic Capacitors are
082 NPO to +60ppm/oc | 100 | to i_:g;’ | available in four body
+125C 7 200 | 024 uF 227?, r formulations, including a newly-devel-
e . | L Eme - 2 =4 g ek Pk T oped 075 ceramic material, as de-
to _7501,,120 +209 | scribed in the adjacent chart.
+85¢C ppfE T
075 1+ S LR AR BT RS B
—55C Meets 200 to +5% |
to MIL-C-20 | 082uF| £2% | o o o
+125¢ Char. UJ | ! ,
TR SRR MY N IS N o 1 For complete technical data write for
067 X7R to +159% 138 to Jﬁog‘: l engineering bulletins on Monolythic
L N S L et 0 el Ceramic Capacitors to: Technical Litera-
os S +%3 C +229, & ‘mt :F 180,209 ture Service, Sprague Electric Co, 35
+85¢ —56% 33,.F | 0% Marshall St., North Adams, Mass. 01247.

SPRAGUE COMPONENTS

s I n n G u E :
TRANSISTORS INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES

CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS
RESISTORS PULSE-FORMING NETWORKS BOBBIN and TAPE WOUND MAGNETIC CORES
LIABILITY
INTEGRATED CIRCUITS TOROIDAL INDUCTORS SILICON RECTIFIER GATE CONTROLS THE MARK OF RE
THIN-FILM MICROCIRCUITS ELECTRIC WAVE FILTERS FUNCTIONAL DIGITAL CIRCUITS
4sc-8107R1 *Sprague’ and ' (@ are reg d trademarks of the Sprague Electric Co.
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Here’s our newest, most attractive addition
to the family: the JC rocker-handle
circuit breaker. It's much too nice to
hide on the back panel of your equipment:
put it out front, and save yourself the
price of an on-off switch.

Along with the front panel sales
appeal you get the advantages of
hydraulic-magnetic protection : precise
ratings from 0.020 to 30 amp, job-matched
time delays, optional special-function
internal circuits, and a five-year warranty
that's rather attractive in its own right.
Write for Bulletin 3380.

The ‘old’ original . ..

...and a snappy newcomer.

An especially convenient mounting design lets
you snap the JB breaker right into the panel
cutout, prewired or not. Secure enough’to meet
The breaker that started Mil-Std-202 for shock and vibration resistance.
it all, our Series JA is g The JB can be ordered with mounting-boss
fast becoming the L color caps that add sparkle and readability
first choice of OEM'’s. to multibreaker panels. Write for Bulletin 3360.
Available in multi-pole

models with different

specifications for each pole.

Write for Bulletin 3350.

HEINEMANN ..V 0
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NEW FROM EG&G
The HA-100 Hybrid
Op Amp designed for

o writh
use witil o

and SGD-444

{1 HAD-130,

i combination amplifier
| (HA-100)

and photodiode
(SGD-100)

The new HA-100 is a truly functional opera-
tional amplifier intended to enhance the
versatility of EG&G’s SGD-100 and SGD-444
photodiodes. It provides low current/high
gain (1500 minimum open loop gain)
amplification with excellent linearity at

low currents. The frequency range of the
HA-100 extends from D.C. to 200 kHz.
Provision for an external feedback resistor
facilitates optimum resistance selection for
each application. With a feedback resisiance
of 15 megohms, the HA-100 demonstrates
high sensitivity (15V/uW) and a transient
response of 15 usec. Packaged in a
standard TO-5 configuration, the HA-100

is priced at $175 in small quantities.

The HA-100 Op Amp is also available
mounted in an integral package (TO-5) with
the SGD-100 photodiode and is referred to
as the HAD-130 Op Amp-Photodiode.
Priced at $295, it out-performs the com-
monly used S-1 photomultiplier tube in
most low to medium frequency, low light
level detection and measurement applica-
tions. Where size, power, reliability and/or
cost are important factors, the EG&G silicon
photodiodes and operational amplifiers
offer an excellent alternative to photo-
multiplier tubes.

For further information, contact EG&G, Inc.,
166 Brookline Avenue, Boston, Mass. 02215.
Phone: 617-267-9700. TWX: 617-262-9317.
On west coast telephone 213-464-2800.

N EG:G

ELECTRONIC PRODUCTS
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Readers Comment

approach stay away from the mis-
sile system world.

Systems engineering is a man-
agement term for ease in refer-
ence. It attempts to put boundaries
around very indefinite areas, each
with its own variables and assump-
tions. To propel it as a science re-
moves the student from basics. The
model is representative, and the
diagrams serve to depict all the
terms; it serves as a technique to
generate understanding and com-
munication from a point of refer-
ence. But, it is a very inexact
method to predict an end result.
As a phrase, it is about as descrip-
tive as Guidance Simulation, Auto-
mation, Instrumentation, Availa-
bility and Reliability, Systems
Readiness and Accuracy, and Con-
trol System Analysis, for a few.

I wouldn’t want to scare the
student into a hopeless state. With
a good working knowledge of basic
physics, some chemistry, a lot of
electronics, applicable  mathe-
matics, and an appreciation for
semantics—you are ready to work
your way through any part of the
maze. And if the job gets done cor-
rectly the first time, it must have
been fairly simple to begin with.
But it will not happen.

R.W. Berkhemer
Johns Hopkins University/APL
Field Office USNSMSES
Port Hueneme, Calif.

A bit too fast

To the editor:

Your article about the Mullard
amplifier that beats the heat [May
12, p. 240] does me too much
honor. My integrated circuit pulse
generator and duration modulator
will switch at speeds up to several
megahertz, not several gigahertz.
In fact, all references to gigahertz
should be to megahertz.

Brian Attwood
Mullard Ltd.
Mitcham,

= A slight case of garbled figures
sent by cable and reconstructed in-
correctly in New York.

New from the SPEC-TROLL!

e

24 actual size

A 10-TURN INDUSTRIAL
WIREWOUND POT
WORTH BLOWING OUR
HORN ABOUT!

Selling for only $4.39 in quantity,
our new Model 532 features “‘de-
signed-in"’ reliability to give you
top pot performance at bargain
prices. The 532 offers:

* Longer element for “tighter’ res-
olution.

» Precious metal contacts for mini-
mum noise characteristics.

*Improved vibration-resistant
slider design and dual slip ring
contacts.

» Rugged mechanical stops for de-
pendability.

» Passivated stainless steel shaft.

» A tough industrial design that
can handle most of the require-
ments associated with MIL-R-
12934.

Brief Specs

Size: %" diameter
Resistance Range: 15 ohm to 180K
ResistanceTolerance: +5%
Independent Linearity: +0.25%
Power Rating: 3 watts @ 40°C

The model 532 is available through
your local Spectrol distributor. For
full specs, circle the reader serv-
ice number. Qualified respondents
may obtain a sample free of charge
through their Spectrol representa-
tive.

Spectrol Electronics Corporation
A subsidiary of Carrier Corporation
17070 East Gale Avenue
City of Industry, Calif. 91745
Phone: (213) 964-6565
TWX: (910) 584-1314
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Who's Who in this issue

Rickard

Williams

An instructor at New York University,
Robin Williams, who wrote the article
on linearity correction (page 110), is
working toward a Ph.D. He earned
his imaster's degree from NYU and
bachelor’s at Imperial College in Lon-
don. Williams has worked for Philips
in England and the U.S., and the
work on which his story is based was
done at the company’s research labs.

Siegal
Versatility marks the engineering ca-
reer of Bernie Siegal, author of the
article on pulse-switching diodes
(page 108). Holder of a B.S. from
Cornell and an M.S. in semiconductor
physics from San Jose (Calif.) State
College, he’s done R&D work on mi-
crowave tubes. Siegal now concen-
trates on applications.

- floating-point calculator on which

Four experienced engineers con-
tributed to Electronics’ latest in-
stallment on memory technology.
Tom Osborne, who wrote the piece
on cores for calculators (page 118),
joined Hewlett-Packard in 1965 as
a consultant. At the time, he
headed his own firm, the Logic De-
sign Co. where he developed a

the 9100A is based. Robert Tracy,
author of the article on delay lines
that begins on page 114, holds both
a B.A. and an M.S. in physics from
the University of Michigan. Before
coming to Friden, he was with
Burroughs where he did R&D work
on materials, fabrication processes,
components, and computer subsys-
tems. Bryan Rickard, who did the
rundown on military core mem-
ories that starts on page 122, is a ,
transplanted Englishman, Prior to |

joining EMI four and a half years =

ago, he worked on general-purpose
airborne computers at Great Brit-
ain’s General Electric. Robert W.
Reichard, responsible for the piece
on exotic applications for old mem-
ories, is an MIT man with both a
B.S. and M.S. to his credit. He's had
a 10-year career with Honeywell.

e

Reichar

Associate editor Joseph Mittle-
man authored the cover story on
computer-aided design (page
90). Joe, who won a B.S. from
the City College of New York,
also holds an M.S. from George
Washington University. A pro-
fessional technical editor for the
last six years, Joe has worked
for Airborne Instrument Labora-
tory and Jansky and Bailey as a
research engineer in circuit de-
sign, network theory, feedback
systems, antenna design, and ra-
dio-frequency interference. He's
also the author of Circuit Theory
Analysis, a standard work in the
field. On the CAD article, Joe
had assistance from a number of
Electronics’ field correspond-
ents, including Jim Brinton in
Boston, Walt Barney and Peter
Vogel in San Francisco, and
Larry Curran in Los Angeles.
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the little things that count...
in the Big Time.

Sub-miniature and miniature events counters and elapsed time indicators. ..
with such high reliability that they set the industry’s standards. With such
myriad capabilities that they lend themselves perfectly to state-of-the-art appli-
cations: Space exploration; communications equipment; aircraft controls;
computer technology; automated systems; laboratory procedures. Think of
your own applications. If you require a little counter to tell you how many...or
a little timer to tell you how long ...chances are you're ready for the Big Time.

For additional information, contact:

: SPACE AND SYSTEMS GENERAL TIME

DIVISION Progress in the World of Time

b Ve o 1200 HICKS ROAD, ROLLING MEADOWS, ILL. 60008 / (312) 259-0740

BITE INDICATORS « ROTARY SWITCHES » TRIMMER POTENTIOMETERS - ELAPSED TIME INDICATORS « EVENTS COUNTERS

Electronics | June 9, 1969 Circle 9 on reader service card




Fairchild announces the future.
Available today. ...
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You're looking at the technology that’s going to be
used for the largest, least expensive bipolar and MOS
memories. And it’s here now to give you a fast start on
economical high-performance scratchpad and buffer
memories.

The product is the new Fairchild M;L4027 Bipolar 128-
Bit Read/Write Random Access Memory. Inside, we’ve
used bipolar technology to give you read and write times
of 35ns. And we’ve used face-down bonding and multi-
layer ceramic to eliminate flying-wire leads and increase
both performance and reliability. The 128 bits are organ-
ized as 64 2-bit words with uncommitted collectors that
allow easy word or bit expansion. Addressing is through

/28 bt>”

&42ﬁ¢wﬁ%ﬁ

eight X and eight Y coincident-select lines to simplify
memory organization. All outputs are CCSL-compatible.

The completed memory comes in a 1” x 1” hermetic
ceramic plug-in package that saves you weigiit and space.
And it's yours for less than 52¢/bit ($100, 1-24; $80, 25-29;
$66, 100-999).

So write for the complete specs and application notes.
Or pick up several units from your Fairchiid distributor.
The technology is for the future; the product is here today.

Fairchild Semiconductor / A Divisicn of Fairchild Cam-
era and Instrument Corporation I
Mountain View, California 94040 =M IR HILLED

[ T A L S|

(415) 962-5011/ TWX: 910-379-6435 = N DL CTOR

/ Zjﬂi ;}Z) ite THIES

128 bit bipolar memory
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Look What You

Can Do Now With
High Voltage,

10-2 Silicon Power!

That’s right! . . . you can now put standard, inherently-
economical, TO-3 packaged silicon power transistors — the
2N5629-31 series — right to work in high voltage operation
in your rugged, audio/servo amplifiers, inverters, converters,
choppers and switching and series pass regulators.

You can now reduce the size, cost and complexity of
input, output and filtering components without the use of
large, cumbersome - and costly — silicon power stud pack-
ages. Plus, reduce required current and keep your circuitry
more compact, lighter and easier to cool through elimination
of step-down componentry.

Performance? How about: 200-watt power dissipation
. . . 16-ampere collector current . . . 1-volt saturation voltage
... 20 to 100 beta at 8-amperes . . . 140-volt rating!

The 2N5629 series is a nimble switch, too, with fr a
minimum of 1 at 1 ampere and 20 volts. And, there’s no
“punch-through” (second breakdown) in your designs because
Motorola’s diffusion process allows acceptance of high volt-
ages even in the most demanding designs.

The new unit’s operating temperature range extends from
—65° to 200°C, making them ideal replacements for germa-
nium types in today’s “brute power” systems.

Scan these specs on the 2N5629-31 series and its 10-
ampere companion — then contact your franchised Motorola
distributor or the factory about evaluation or production
quantities of either economical, high power silicon transistor!

Write today for new data sheets!

Circle 510 on reader service card

Highlight Parameters 2N5629, 30, 31 | 2N5632, 33, 34
Polarity NPN

High Vegojuun EHE 100, 120, 140 V

High leeont) Tl T L e ]: 10 A

Fast Switching — f; @ 1 A/20 V (min) 1 MHz

LoWVegpuy @ e = 10 A (max) i T 2V

High P, @ 25°C 200 W 150 W

~ whene the priceloss ingediont i cane!
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You've Just
Discovered
State-of-the-Art,
50 A Silicon Power
Complements!

And you can now discover how easy it is to put extra per-
formance in — and take the cost and circuit complexity out
of — those rugged, new-design audio/servo amplifiers . . . with
the highest-rated, TO-3 PNP/NPN complements in the busi-
ness: the 60 and 80-volt, 2N5683-86 series!

A pair of these in your designs gives you unprecedented
power in compact, low-silhouette packaging — 300 watts of
DC to 50 amperes! Plus, you realize a higher degree of fre-
quency stability through elimination of expensive, impedance-
matching driver transformers. And you’re ensured lighter,
simpler, less-costly heat sinking in all designs through low
thermal resistance — 0ic of only 0.583.° C/W maximum.

When you’re looking for heavy muscle in switching appli-
cations, there’s no power/speed trade-off with either polarity
... at 50 watts, the units furnish a high minimum f- of 2 MHz
minimizing switching losses.

Both series ensure efficient, low-power-loss performance —
1.0 volt maximum saturation voltage at 25 amperes and pro-
vide the capability to swing down in voltage without the loss
of current gain to 2 volts at 25 amperes, important in low
distortion, audio amiplifiers.

Motorola’s exclusive EpiBase* die fabrieation process
affords minimum user cost while maintaining long-term
reliability and stability.

More than 30 PNP/NPN silicon power complements are
available for today’s cost and performance-conscious designer
from 1 to 50 amperes and 5 to 250 watts . . . they’re immedi-
ately available for evaluation from your franchised Motorola
distributor or in production quantities from the factory!

Write for data now!
Circle 511 on reader service card
Highlight Parameters 2N5683, 84 2N5685, 68
Polarity PNP NPN
High I (cont. 50 A
Low Vegpy @ Ic = 25 A (max) 1V
High P, @ 25°C ' 300 W
Fast Switching — f; @ 5 A/10 V (min) 2 MHz
High hy; @ Ic = 25 A 15-60

*Trademark of Motorola, Inc.

MOTOROLA

Silicon Power Transistors

Motorola Semiconductor Products Inc. /P.O. Box 20912 / Phoenix, Arizona 85036
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The new Fluke 893A will retire lots
of good old Fluke voltmeters.

They won’t be the only ones to go!

All kinds of differential voltmeters are likely to find quick retirement when you check
out the new solid state Fluke Model 893A AC/DC Differential Voltmeter. Here’s a low
cost differential voltmeter with infinite resistance at null to 1100 volts, dc accuracy of
0.01%, ac accuracy of 0.05%, and integral battery pack operation.

Available in both half and full rack models, price is $995 for either. Battery operation
can be added at any time for only $100. Grounded recorder output is available for
$50 more.

Ranges are 1, 10, 100, and 1000 volts ac and dc with 10% overranging. Resolution
is 1 ppm of range. Reference regulation is the best available. Reference stability
is 15 ppm/hr.

Using the instrument in the battery mode assures portability and complete
isolation from the effects of power line interference. In the ac mode, the
useful frequency range is 5 Hz to 100 KHz with a 1 mv accuracy. In the
TVM mode, input resistance is 100 megohms, so you get the same advan-
tages of low source loading as with older vacuum tube differentials.

Other user features include large, in-line readout with 360° rotation of
voltage dials, virtual immunity to damage by accidental overload, and
automatic decimal switching with range.

Ready to make the change?

We’d like to help. Your

friendly Fluke sales engineer

(listed in EEM and EBG) -
has all the facts as well as

demo equipment. Call him

or contact us directly if it's

more convenient.

$OIAR 46 <00 HIFFERENTIAL VOL

98133, Phone: (206) 774-2211.
TWX: 910-449-2850.
“Box 5053, Tilburg, Holland.




Who's Who in electronics

GlI's Sack

As an astrologer might say it: this
could be the best of all possible
times to become the head of a
large semiconductor company’s hy-
brid operation. But the reason has
nothing to do with stars; it’s found
in the ascension of large scale in-
tegrated hybrids. And for Edwin
Sack, vice president of General
Instrument’s Integrated Circuits
division, there’s an additional plus:
the job has almost no rules or pre-
conceived notions attached to it be-
cause it’s a brand new position.

GI's hybrid group, while it was
part of the MOS setup, had been
restricted to custom military cir-
cuits. But this is going to change.
“I'm thinking in terms of where
GI should grow,” says the 39-year-
old sack, “and I believe that one
area is LSI hybrids. With this tech-
nique, were not limited to a spe-
cific technology or a specific chip
size—we can employ the best of
each technique.”

To this end, Sack, who was the
general manager of Westinghouse’s
Molecular Electronics division and
left before Westinghouse decided to
move the facility to Canada, has
set up a bipolar IC facility strictly
for the use of the hybrid division
[Electronics, May 26, p. 37]. The
first bipolar IC’s will be operational

~<—Circle 14 on reader service card

amplifiers for a hybrid voltage
regulator circuit. “This is just a
starting point,” says Sack. “Even-
tually, we’ll be using MOS devices,
bipolar chips, and thick- and thin-
film techniques in a single package.
This way we won’t have to force a
single technology to do something
it isn’t meant to do.”

In the next four or five years,
Sack says, the electronics industry
will see the emergence of very
complex systems in hybrid form in
which a beam-lead-like process will
play an important part. “It’s not
only because we need beam leads
for reliability and ease of assembly,
but also because they provide a
means by which we can repair a
circuit.”

Sack points out that GI has con-
ducted tests with beam-lead de-
vices where the chip has been
bonded and removed seven times
without affecting the operating
characteristics of the circut.

Movement into new markets lies
ahead for Litton Industries’ Guid-
ance and Control Systems division
if Joseph F. Caligiuri has his way.
And chances are he will, because

Applications Power %

PUTTING
CURRENT-
LIMITER
DIODES
TO WORK

PROBLEM: How to provide a low
noise voltage reference with only
two components?

SOLUTION: A Siliconix CL diode
in series with a resistor.

—_—

+V

10v
eq=20pv/VHz

Zener Diode Voltage Reference

The zener diode voltage reference
circuit has a typical noise voltage of
20 uv//Hz.

= S
+V
(L1020
10V
e, =20nv/VHz
Low Noise Voltage Reference
= — |

This CL diode circuit results in a 60
dB reduction in noise voltage—from
20 uv/+/Hz to 20nv/\/Hz at 100 Hz.

For further information and imme-
diate applications assistance, call
the number below. Ask for exten-
sion 19.
"‘Siliconix
incorporated

7740 W. Evelyn Ave. ® Sunnyvale, CA 94086
Phone (408) 245-7000 @ TWX: 910-339-9216

* Applications power . . . a broad
product line, an in-depth applica-
tions team at your service!
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THREE
NEW VOLTAGE
TUNED OSCILLATORS

Texscan's VTS series of oscillators are solid state, fundamental RF

sources, and voltage tunable over a full octave. They feature exception-
ally good voltage versus frequency characteristics and power output

MODEL VTS-25 MODEL VTS-50 MODEL VTS-100
POWER OUTPUT VS.FREQUENCY POWER OUTPUT VS.FREQUENCY POWER OUTPUT VS. FREQUENCY
1000 1000
-
750 750
£ £ e
< 5 g
£ 500 £ s00 i -
b} 3 .
| s i 1
250 250 e 1

250 300 350 400 450 500 500 750 1000

15 20
FREQUENCY (MHZ) FREQUENCY (MHZ) FREQUENCY (GHZ)
FREQUENCY VS. VOLTAGE FREQUENCY VS. VOLTAGE FREQUENCY VS. VOLTAGE
500 1000 20 3
450 N : vt
g 2] N S
3 H 3 . 5
= 400 = = 5
> > : 3
H 350 e B L e
% 300 E Lz ? ‘ o ¥
25 500 - 10 "‘ s
o 8 6 24 32 0 8 16 24 32 0 10 20 30 40
VOLTAGE VOLTAGE VOLTAGE

Inquiries for special tuning ranges, power outputs, and mounting flanges
are invited.

Model No. VTS-25 VTS-50 VTS-100
Frequency Range 250-500 MHz 500-1000 MHz 1-2GHz
Power Output

Into 50 Ohm 750 MW 500 MW 250 MW
Non-Harmonic

Spurious Rejection 50db 50db 50db
Tuning Voltage +0.5to 20 VvDC § +0.5fo +28VDC | +0.5to 4 40VDC
Physical Size 1”7 x 1" x 2%2” 17 x 1” x 22" 1”7 x 1”7 x 2¥2"
Price $195.00 $195.00 $275.00

TEXSCAN

CORPORATION
2446 N. Shadeland Avenue
Indianapolis, Indiana 46279
Telephone (317) 357-8781
TWX: 810 - 341 - 3184
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Who's who in electronics

he’s the division’s new vice presi-
dent of engineering.

“Historically, Litton has done
very well in the aircraft inertial
navigation field, but the company’s
tremendous technology allows a
great expansion into weapons de-
livery systems,” says Caligiuri,
who comes to Litton from Sperry
Gyroscope, where he was chief
engineer on antisubmarine warfare
and inertial systems.

“The first thing I did on arriv-
ing was to put a new business staff
together, and we are carefully as-
sessing expansion into marine, mis-
sile and terrestrial navigation sys-
tems, as well as the electro-optical
area,” he adds. The division’s
short-term prospects admittedly
hinge on several upcoming contract
awards. Litton’s bid to supply
guidance subsystems for the
Minuteman 3 program, for exam-
ple, could be pivotal.

Toe to toe. Caligiuri says: “The
division has put together a real
hard-hitting team to go after this
contract, and I get the feeling that
our competition is nervous and
concerned about us. I'm sure we’re
at the top of the list, but the big
boys are really out there fighting
for it. If Litton gets this contract,
it will be very significant in our
future.”

Caligiuri is also awaiting the out-
come of another imminent contract
award, for a carrier aircraft iner-
tial navigation system (Cains).
Initially to be used in F-14, S-3A
and E-2C aircraft, Cains should
have broad application in future
Navy aircraft.

Although determined to move
the division into new waters, Cali-
giuri says that the technologies in
which the company is already
firmly ensconced will continue to
be supported. “There’s no question
that aircraft and avionics will still
be very important for us. We're
looking at the competition, and
seeing what it takes to make us
competitive.

“Our business mix will be in
new programs more than in the
past, but we do see growth out
there in the future, and our five-
year projection is very ambitious,”
Caligiuri adds.
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LR series high-performance power supplies
regulation—0.0005%, ripple—35uv

For test
equipment
and
lab use—
rack or bench
0-20, 0-40,
0-120,
0-250 VDC,
from 60 ma.
to 1.8 amps.

V4 rack models

Features and Data
e 0.0005% plus 100, regulation.
e 35,V rms, 100, p-to-p ripple.

e AC Input: 105-132 VAC, 47-440 Hz (Ratings based on
55-65 Hz; derate current 10% at 50 Hz.) 205-265 VAC
on request at no extra charge (“-V’’ option).

e 2 meters monitor both voltage and current simultane-
ously and continuously.

Accuracy—0.01% plus 1mV

Stability —0.001% plus 100,V for 8 hours
Temperature coefficient —0.001% plus 10,.V/°C
Multi-Current-Rated.

LR Series 14-rack models Size: 531" x 4346" x 151,"

Model Voltage MAX. AMPS AT AMBIENT OF:! Brice
Range 30°C 40°C 50°C 60°C

LR-602-FM 0-20 VDC 1l .95 .80 64 $265

LR-603-FM 0-40 VDC .60 .50 42 .33 265

LR-605-FM 0-120 VDC s .20 55 .14 295

LR-606-FM 0-250 vDC 80ma | 72ma | 65ma | 60ma 310

LR Series 4-rack models Size: 536" x 834" x 1054”

ONE

DAY
DELIVERY
ALL
MODELS

Y2 rack models

e Guaranteed for 5 years. The only 5-year guarantee that

includes labor as well as parts. Guarantee applies to
operation at full published specifications at end of 5
years. '

e Only 5%” high. Convenient ¥4 and YV rack sizes for rack

or bench use.

All silicon-designed for maximum reliability.

Convection Cooled—no blowers, no external heat sinks.
Auto Series/Auto Parallel with Master-Slave tracking.
Constant Voltage/Constant Current '

Completely protected—short-circuit proof—continuously
adjustable, automatic current limiting.

. eéecrvoltage protection available for all models up to 70

® Remotely Programable

Accessories

Rack Adapter LRA-1 Price $60.00 *+ 5% " Hx 162" D
Rack Adapter LRA-2 Price $35.00 « 5% " H

OVERVOLTAGE PROTECTION ACCESSORIES

For Use With Model Adj. Volt Range Price

LR-602-FM, LR-612-FM LH-OV-4 3-24V $35

LR-603-FM, LR-613-FM LH-OV-5 3-47 V 35

ol
Nedil Voltage MAX. AMPS AT AMBIENT OF: Peicad
Range 3°c | 40°c [ s0°c | eo°C
LR-612FM | 0-20VDC | 1.8A 1.6A 13A | 1.1A | $305
LR-613-FM | 0-40VDC | 10A | 09A | 0.75A | 0.6A 305
LR-615-FM | 0-120VDC | 0.33A [ 0.29A | 0.25A | 0.21A | 320
LR-616-FM | 0-250 vDC | 100ma | 90ma | 80ma | 70ma | 340
NOTES:

1 Current rating applies over entire voltage range. Ratings based on
55-65 Hz operation. Derate current 10% for 50 Hz input.

2 Prices are for metered models. LR Series models are not available
without meters

See additional equipment inside

Prices F.O.B. factory, Melville, N. Y. All specifications and prices subject to
change without notice.

A LAMBDA

ELECTRONICS CORP.
515 BROAD HOLLOW ROAD, MELVILLE, L.I., NEW YORK 11746
TEL. 516-694-4200, TWX: 510.224-6484 . CABLE: VEECOVAC PLAINVIEW NY
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LK series high-current power supplies
all silicon, convection cooled-bench or rack

For test equipment
and lab use -
0-20, 0-36, 0-60 VDC 2
from 0-4.0 amps.
to 0-66 amps.

ONE
DAY

DELIVERY
ALL
MODELS

.

LK Series metered Y2-rack LK Series metered full-rack

o

Completely Protected —short circuit proof—
Continuously adjustable automatic current limiting

Features and Data

e All silicon-designed for maximum reliabilit
c tion C gl d bl : y i bt aingk e Constant Voltage/Constant Current
e Convection Cooled —no blowers, no external heat sinks.
: 's, 4 e Remotely Programable
‘ e Regulation—.015% or 1 mV (line or load) . 5
e Ripple —500mV RMS e Meet Mil. Environment Specs.
e _ Vibration: MIL-T-4807A
e AC Input—105-132 VAC, 57-63 Hz. LK7 “‘series” 188-238 Shock: MIL-E-4970A Proc. 1 & 2
VAC, 57-63 Hz (derate current 10% at 50 Hz.) Humidity: MIL-STD-819 Meth. 507
* No Voltage Spikes or Overshoot on “turn on”’, Temp. Shock: MIL-E-5272C (ASG) Proc. 1
i th} H .
turn off” or power failure Altitude: MIL-E-4970A (ASG) Proc. 1
e Temperature coefficient—0.015% + 0.5mV/°C. Marking: MIL-STD-130
e Series/Parallel Operation Quality: MIL-Q-9858
LK Series full-rack models Size 7" x 19" x 1815" OVERVOLTAGE PROTECTION ACCESSORIES
Modelz | ADJ. VOLT. CURRENT RANGE AT AMBIENT OF:' |, . . For Use With Model Adj. Volt Range Price
RANGE VDC | 40°C 50°C 60°C | 71°C LK-340A, 341A LH-OV-4 3-24 VDC $35
LK-360 FM 0-20 0-66A 0-59A 0-50A | 0-40A | $995 LK-342A, 343A LH-OV-5 3-47 VDC 35
LK-361 FM 0-36 0-48A 0-43A 0-36A 0-30A 950 LK-344A, 345A LH-OV-6 3.70 VDC 35
LK-362 FM 0-60 0-25A 0-24A 0-22A JO-19A] 995 LK-350-352 Overvoltage Protection up to 70 VDC as a
- - = LK-360 FM-362 FM built-in option for full-rack models. To order,
LK Series full-rack models Size 534¢” x 19” x 161 add suffix (-OV) and add $90.00 to price of
models LK-350-352, add $120.00 for models
Modelz | ADI. VOLT. CURRENT RANGE AT AMBIENT OF:' | . . LK-360-FM—362-FM.
RANGE VDC | g0°C 50°C 60°C | 71°C
LK-350 0-20 0-35A 0-31A 0-26A | 0-20A | $675 NOTES:
LK-351 0-36 0-25A 0-23A 0-20A | 0-15A| 640 ; gqrrent ratifng appliestove(; erﬂ(iireI vo'I:*age retmgea H
rices are for non-metered moadels. For metered models, a Suttix
kK952 0:60 18 U 33A Oike A0 0N GAY (-FM) and add $30.00 to price. Models LK-360-FM, LK-361-FM, and
LK-362-FM which are metered models not available without meters.
LK Series 15-rack models Size 534¢” x 833" x 1615” 3 Chassis Slides for full rack models: Add suffix (-CS) to model
i number and add $60.00 to the price, except for models LK-360-FiM—
: LK-362-FM, for which add $100.00.
Modelz | ADI. VOLT. CURRENT RANGE AT AMBIENT OF:' |, . . , for which add §
RANGE VDC | 40°C 50°C sosc7iee
LK-340 A 0-20 0- 80A| 0-7.0A[ 0 6.1A]0-4.9A] $330
LK-341 A 0-20 0-13.5A | 0-11.0A [ 0-10.0A[0-7.7A] 385
LK-342 A 0-36 0- 52A | 0- 50A | o0- 4.5A[0-3.7A] 335
LK-343 A 0-36 0- 9.0A | 0-85A| 0- 7.6A[0-6.1A] 395
LK-344 A 0-60 0- 40A | 0-35A [ 0- 3.0A[0-2.5A] 340
LK-345 A 0-60 0- 6.0A | O0- 5.2A | 0- 4.5A|0-4.0A| 395 ELECTRONICS CORP.

Prices F.O.B. factory, Melville, N. Y. All specifications and prices subject to 515 BROAD HOLLOW ROAD' MELV'LLE' L'I" NEW YORK 11746
change without notice. TEL. 516-694-4200, TWX: 510-224-6484 CABLE: VEECOVAC PLAINVIEW NY
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LP/LPD series general purpose power supplies
for test equipment and lab use-bench or rack

e Twice the voltage (up to 500 VDC)
ONE with outputs in series.
DEI?.sEYRY ¢ Twice the current (up to 3.4 amps)
ALL with outputs in parallel.
MODELS

LP Series —
single output

Features and Data

e 5 LPD Models with two independent DC outputs offer
widest choice—Up to =250 VDC, up to 1.7 amps. Either
output may be + or —, or both outputs may be + or —

e Series/Parallel operation with LPD Series, both outputs
yield two times the voltage or two times the current—up
to 500 volts or up to 3.4 amps.

e Regulation (line or load)—0.01% + 1mV.

e Ripple—500 .V RMS, 1.5 mV p-p.
Models LP-415 and LP-425-FM only—1mV RMS, 3mV p-p.

LP Series 14-rack models Size: 531" x 434¢” x 10”

LPD Series —
dual output

AC Input —105-132 VAC 47-440 Hz (ratings based on
57-63 Hz operation). For operation at 205-265 VAC, add
suffix “-V"’ to model numbers. No change in price.

e Temperature coefficient—0.015% + 0.5mV/°C.

e Auto Series/Auto Parallel with Master-Slave tracking

® All silicon-designed for maximum reliability

e Convection cooled—no blowers, no external heat sinks.
e Constant voltage/constant current.

e Designed to meet RFI per MIL STD 826A.

e Remotely programable.

* Overvoltage Protection available as an accessory. Each output
requires separate OV accessory—add $35.00 for each output.

1 Current rating applies over entire voltage range. Ratings based on
57-63 Hz operation.

2 Prices of LP series are for non-metered models. For metered mod-
els, add suffix (-FM) and add $10.00 to price.

3 Prices of LPD series are for metered models. LPD Series models
are not available without meters.

18 Circle 18 on reader service card

Voltage MAX. AMPS AT AMBIENT OF:! . * Remote sensing.

Model Range = Z = - Price?

voc 30°C i 50°C bl ¢ Fungus Proofing Option —Add suffix “R’” to model num-
LP-410* 0-10 0-2A 0-1.8A 0-1.6A 0-1.4A $129 ber and add $15.00 to price.
LP-411* 0-20 0-1.2A 0-1.1A 0-1.0A 0-0.8A 119
LP-412* 0-40 0-0.70A 0-0.65A 0-0.60A 0-0.50A 114 Accessories
LP-413* 0-60 0-0.45A 0-0.41A 0-0.37A 0-0.33A 129

L2 H 1 ” 1 ”
LP-414 | 0120 | 0020A | 0-0.18A | 00.16A | 0-0.12A | 149 Rack Adapter LRA-1 Price $60.00 + 5% " H x 16%2" D
LP-415 0-250 0-80mA 0-72mA 0-65mA | 0-60mA 164 Rack Adapter LRA-2 Price $35.00 « 574” H
LPD Series Y2-rack models Size: 536" x 8% x 10%” OVERVOLTAGE PROTECTION ACCESSORIES
Voltage Range
Per output/ | MAX AMPS AT AMBIENT OF: (1) Adj. Volt | Price per
Outputs in PP o M For Use With Model Range | Output
Model vDC 30°C 40°C 50°C 60°C Price (3) LP-410; (0-10VDC) LH-OV-4 3-24V $35
LPD-421-FM*[ 0--20/0-40 | 1.7A/3.4A | 1.5A/3.0A 1.3A/2.6A | 0.9A/1.8A $325 LP-411; LPD-421-FM (0-20VDC) LH-OV-4 3-24Vv 35
| LPD-422-FM* | 0--40/0-80 [1.0A/2.0A [0.85A/1.7A | 0.7A/1.4A | 0.55A/1.1A 260 LP-412; LPD-422-FM (0-40VDC) LH-OV-5 3-47V 35
| LPD-423-FM*| 0-+-60/0-120 | 0.7A/1.4A | 0.6A/1.2A 0.5A/1.0A | 0.4A/0.8A 325 =
LPD-424-FM | 0---120/0-240 | 0.38A/0.76A | 0.32A/0.64A | 0.26A/0.52A | 0.20A/0.40A | 325 LP-413; LPD-423-FM (0-60VDC) LH-OV-6 3-70v 35
LPD-425-FM | 0--250/0-500 | 0.13A/0.25A | 0.12A/0.24A | 0.11A/0.22A | 0.10A/0.20A 350 Prices F.O.B. factory, Melville, N. Y. All specifications and prices subject to
change without notice.
NOTES:

A LLAMBDA

ELECTRONICS CORP.
515 BROAD HOLLOW ROAD, MELVILLE, L.I., NEW YORK 11746
TEL. 516-694-4200, TWX: 510-224-6484 CABLE: VEECOVAC PLAINVIEW NY
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How towrite

Tell people what you
will do for them. How
you’re different. This
is most important.

agreatad.

Be under the
proper headings so

Your services are
more important
than your name.

B

Tell people about
your special
services...repairs —
...rentals.

List products —|
you carry.

|

Emergency Service
Day or Night

BARRY’S HEATING & PLUMBING

Since

B,

1921

Complete line of:

COMMERCIAL,
 INSTITUTIONAL, RESIDENTIAL,
INSTALLATION & REPAIRS

——

people can find
you fast. Maybe
you should be under
/ both “Heating”

and “Plumbing?’

Use your logotype

* Master Lic.

to gain recognition.
Give facts about
your qualifications,
reliability, etc.

- #103241
¢ Kltchen.s * References
* Laundries * Estimates
* Sewage Systems  x Delayed
SR Wﬂﬂ?r Pumps Payment Plans Tell how easy it
* Heating Systems % Ample \ is to deal with
* Pipes and Drains Parking ™ you...credit,
parking, hours,
phone delivery.
555-2368
77 Locust Lane. (Between Main and
Central, one mile from RR. Station).
Give telephone number and
address, of course; and if
you’re hard to locate, directions
and perhaps a map.
==

There...you’ve written a great ad. Now place it

Yellow

where people will be looking for you...in the Yellow Pages. | fass

20
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Craftsmanship in hard materials...an industry standard

HIGH PRECISION TUNGSTEN CARBIDE BONDING TOOLS,
SUCH AS THE ONE SHOWN [N THIS 13X MAGNIFICATION
OF AN ULTRASONIC LEAD BONDING OPERATION, WERE
PIONEERED AND INTRODUCED AS PRODUCTION DE-
VICES BY TEMPRESS ... IN 1963, THE TEMPRESS CAP-
ILLARY TUBE, AN INDUSTRY STANDARD...IN 1967, THE
ULTRASONIC BONDING TOOL, AN INDUSTRY STANDARD.
The techniques and the specialized machinery de-
veloped to produce such precision products from
ultra-hard materials have not been duplicated; quite
probably will not be, for they are a result of the
unique combination of Tempress people and the

Tempress philosophy. To meet its responsibilities, Tem-
press maintains a continuing expansion program, limited
only by strict adherence to the Tempress Standard of Ex-
cellence. (It requires as long as 11 months to train an
operator for certain operations.) The same uncompromis-
ing standard is applied to Tempress Automatic Scribing
Machines and to the entire growing family of Tempress

miniature assembly tools and production equipment.

TEMPRESS

Tempress Industries, Inc., 980 University Ave., Los Gatos, Calif. 95030
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For longer

lasting

attachments
in weldable
coppermetals

g0 with

ANACONDABILITY

Anacondability is more than
just the industry’s finest
weldable coppermetals. It's also
the latest technical information
...prompt engineering
assistance . . . constantly high
product quality, plus a wider
selection of weldable
coppermetals and welding rod
alloys for trouble-free welding,

and permanent joints.
Anacondability, in effect, is
Anaconda’s total capability
in research, production,
distribution and customer
service . . . the difference that
distinguishes Anaconda
coppermetals from all others.
Anacondability solves difficult
jeining problems.
Anaconda metallurgists,
aware of the importance

of weldable coppermetals in
today's new technologies, are
constantly seeking to add
weldability to the properties
of more and more coppermetals.
Boron Deoxidized Copper is
one example of a product
developed to fulfill a particular
need—the need for a high
conductivity metal resistant to
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oxygen penetration when
brazed at high temperatures.
Anaconda coppermetals need
only minimum preparation
for welding, and are readily
joined with conventional
processes and relatively simple
procedures. In many instances
they can also be adapted to

joining by newer techniques
like electron and laser-beam
welding, diffusion bonding, cold
welding, friction welding, etc.

For complete technical
information on weldable alloys
for specific jobs, send for

Anaconda’s new Coppermetal
Data Sheets. Write to:
Anaconda American Brass
Company, 414 Meadow

St., Waterbury, Connecticut
06720. In Canada: Anaconda
American Brass Limited,
Ontario.

Think copper, think ANACONDA

AMERICAN BRASS COMPANY
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Unique Gardner-Denver Grid-Drill”

drills electronic circuit hoards
at a rate of 130 cycles per minute—at total
positioning accuracies of less than +.0006"

No other production machine drills so many holes so accurately in so short
a time as this new n/c¢ Gardner-Denver Grid-Drill. Perfect for multi-layer
and through-hole plating, for computers of this generation—and the next.

Handles as many as four stacks of panels as large as 15” x 20” each. Drills
hole sizes from .010” to .125". Fingertip control adjusts spindle speed from
10,000 to 50,000 rpm. Each spindle is programmed for ‘“use” or ‘“not use,”
allowing the use of one, all, or any combination of spindles for each cyecle.
Individual spindles are located in ‘“‘packages,” the spacing and number of
which are dependent on the type and volume of work. Packages are
customized to your application.

How’s this for accuracy? Table location, over a 20" travel, is accurate
within ==.0006". Repeatability of positioning—within .0003”. Spindle
runout—within .0005” TIR.

Production rate, including table movement, spindle programming and
drilling, is as high as 130 cycles with each spindle per minute.

Gardner-Denver is also the maker of the famous automatic Wire-Wrap®
machine. Both machines spectacularly increase production—and lower the
cost—of electronic equipment. Call for further information, or write for
Bulletins 14-121 and 15-1.

GARDNER-DENVER

Gardner-Denver Company, Quincy, Illinois 62301
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New
High Voltage
High Power
Rectifiers

VC Series
from Varo.

Our new VC Series rectifiers may
be tiny (3” long, 34" high, 34"
wide), but they're plenty tough
enough to stand up under high
voltage, high power conditions.

They have voltage ratings of
from 2KV to 8 KV, current rat-
ings of 1 to 2 amps, and they’re
available with an optional 300
nanoseconds recovery time.

Varo VC Series rectifiers are
made to handle the biggest jobs.
Like X-ray power supplies, radio
and radar transmitters, and things
like the new microwave oven
power supplies.

And they’ll handle most of the
new high voltage, high power
system demands that’ll be com-
ing along in the future, too.

The new VC Series from Varo.

It’s the kind of thing we know
you've come to expect from us.

$4. 1 8 EACH

VC-80 (8,000 Volts — 1 Amp).
1,000 quantity.

VARO

SEMICONDUCTOR DIVISION
1000 N.SHILOH ROAD, GARLAND, TEXAS

75040 (214) 272-4551
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Meetings

Small portion, but tasty

Although avionics plays a small
role in the technical program, sev-
cral papers at this year’s Aircraft
Design and Operations Meeting
may attract considerable interest
among suppliers of electronic sys-
tems. Most of these papers are in-
cluded in a confidential session on
New Developments in Military Air-
craft to be held on the last day of
the meeting. The conference, spon-
sored by the American Institute of
Aeronautics and Astronautics, will
run from July 14 to 16 in Los An-
geles. '

Perhaps the most interesting
paper, with respect to potential for
new military funding, is “A High-
Accuracy Navigation Satellite Sys-
tem.” One of its authors is Lt. Col.
F.M. Charette, of the Air Force’s
Space and Missile Systems Organ-
ization (Samso), who has been con-
cerned with the development of
Samso’s 621-B navigation satellite
system. Several small contracts
have been let recently for develop-
ing antijam receivers for this sys-
tem, which could eventually result
in simpler and cheaper navigation
sets for aircraft and ships.

Watch it. In another paper, the
Norden/United Aircraft Corp. will
describe radar techniques that
would enable a helicopter to detect
and avoid obstacles. The company

has been developing a radar that
operates in the millimeter-wave
area.

There will also be a session de-
voted to summarizing some of the
relatively new avionics develop-
ments in both civil and military
aviation.

McDonnell Douglas, which is
supplying one of the aircraft colli-
sion avoidance systems to be tested
soon by the Air Transport Associa-
tion, will discuss the time-fre-
quency technology it has developed
for this purpose. The Autonetics
division of North American Rock-
well will relate the outcome of tests
it has been running—thus far with
only limited success—on an infra-
red system that detects clear air
turbulence. United Aircraft will de-
scribe the terrain-following system
it has built for the C-5A transport.
And United Airlines and Hughes
Aircraft will describe their work on
equipment for area navigation, an
important technique that the air-
lines would like to use to speed up
their movement through the air
lanes.

In still another session, a speaker
from Autonetics will describe the
integration testing of the D version
of the F-111 avionics system.

For further information, contact the Meetings

Dept., AIAA, 1290 Sixth Avenue, New York,
N. Y. 10019.

Calendar

Federal Research and Development in
the 70’s—its Need and Scope, National
Security Industrial Association, State
Department West Auditorium, Washing-
ton, D.C., June 11-12.

Consumer Electronics Show, Consumer
Products Division of Electronic
Industries Association; New York Hilton
and Americana Hotels, New York,

June 15-18.

Data Processing Conference and
Business Exposition, Data Processing
Management Association; Queen
Elizabeth Hotel, Montreal, Canada,
June 16-19.

Congress of the International
Federation of Automatic Control

(IFAC), IEEE; Warsaw, Poland, June
16-21.

Computer Group Conference, |EEE;
Leamington Hotel, Minneapolis, Minn.;
June 17-19.

Electromagnetic Compatibility
Symposium, |IEEE; Berkeley Cartaret
Hotel, Asbury Park, N.J., June 17-19.

Properties and Use of MOS Structures,
Center of Nuclear Studies; Grenoble,
France; June 17-20.

National Cable Television Association

Convention and Exposition; San
Francisco Hilton Hotel; June 22-25.

(Continued on p. 28)
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This Sierra L-F wave
analyzer costs $2,295.

(For about the same money, others can
give you a fraction of its accuracy:+3Hz).

(...and about half its range of 20 Hz to 110 kHz)

Short of spending another $2,000, you cannot buy
the accuracy of a Model 301B L-F Wave Analyzer.
Nor its broad tunable coverage of the low-fre-
quency spectrum. Nor its convenience and all-
around usefulness.

Consider, for example, the benefits of up-to-
date readout techniques. Model 301B displays
tuned frequency on a five-digit counter, driven by
solid-state circuitry. A second digital display pre-
sents the algebraic sum of the two attenuator
settings, doing away with calculations. A lighted
pointer on direct-projected meter scales gives
you parallax-free readings of voltage and dBm.

As a wide-range wave analyzer, Model 301B

nal of high frequency accuracy at the restored
output terminals.

Among other Model 301B features: dual-
selectable bandwidths of 10 and 100 Hz; a meter
recording output; an optional bridging line trans-
former (Model 129-600) that makes measure-
ments of true dBm on 600-ohm lines possible with
only 0.1 dB bridging loss.

Product File 369 discloses everything about
this remarkable economic development. Write
Philco-Ford, 3885 Bohannon Drive, Menlo Park,
California 94025. Or call (415) 322-7222, ext. 329.

SUMMARY SPECIFICATIONS

> . = il E enc
delivers precise data on individual components " LT
of complex signals. You can accurately measure Pt S G M (20 Hz to 110 kHz)

fundamental frequencies, harmonic voltages, in-
termodulation products, and other noise and sig-
nal voltages too small to be indicated by other
means.

1 Hz ambiguity, 2 Hz error
Input Level Range
Voltage (Full scale).............. 30uv to 300 v in 1, 3, 10, 30
sequences
dBm (ref 600-ohm line and 0 dB

on meter scale)............ +50 to —90
Built-in signal generator Input Level ACCUTACY . ... ..vveernnen... +0.5 dB
By looping pulse outputs back to the 301B input, Se'ec":l‘a"ymwband i
you can produce a harmonic sig.n.al every 10_0 Hz """"""""""" (60-dB points)
or 1 kHz (READ or TUNE position). A built-in Wideband ..............c.oe..n. 100 Hz (6-dB points) 600 Hz
1-MHz clock frequency assures the accuracy of (60-dB points)

all generated pulse harmonic frequencies in this
mode. By tuning the set to any harmonic fre-
quency and locking on AFC, you can operate it
as a frequency synthesizer throughout the entire
range. In this function, it provides a restored sig-
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PHILCO

SIERRA ELECTRONIC OPERATION
Philco-Ford Corporation
Menlo Park, Calif. 894025
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How are Sherold crystals
a cut above the competition?

With frequency.

The right frequency. Consistently and with the low-cost quantity
production that comes from top-quality crystal technology.
Whether you order a few hundred or a few hundred thousand
crystals from Sherold, you know you’ll get exactly what you
ordered — fast and accurate right down to the last MIL spec on
the last crystal. We manufacture a variety of crystals from 4 kHz to
175 megaHz in numerous packages, as well as crystal filters and
discriminators. In prototypes, short orders and long runs.

In addition, Sherold has several plants geographically located
to give you specialized local crystal technology assistance.
Each has in-house facilities to meet and beat high shock and
vibration MIL specs. Whether you're looking for a high-volume,
off-the-shelf crystal or a prototype design, tell us about it. We’'ll
give you a quote. With speed. Write Sherold Crystal Products
Group, Tyco Laboratories, Inc., 1510 McGee Trafficway, Kansas
City, Mo. 64108. Or phone (816) 842-9792. TWX 910-771-2181.
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Meetings

(Continued from p. 26)

Summer Power Meeting, IEEE; Dallas,
Texas; June 22-27.

Electronic Distance Measuring and
Atmospheric Refraction, International
Association of Geodesy; Boulder, Colo.;
June 23-27.

Parallel Processor Systems,
Technologies and Applications,
Department of Defense, Naval
Research; Navy Postgraduate School,
Monterey, Calif.; June 25-27.

Conference on Applications of
Continuous System Simulation
Languages, Association for Computing
Machinery, IEEE; Sheraton-Palace
Hotel, San Francisco; June 30-July 1.

Aviation and Space Conference,
American Society of Mechanical
Engineers; Statler Hilton Hotel, New
York; June 30-July 2.

Computer Science and Technology
Conference, University of Manchester
Institute of Science and Technology;
London, England; June 30-July 3.

Conference on Applications of
Continuous Systems Simulation
Languages IEEE, Association for
Computing Machinery; Sheraton Palace
Hotel, San Francisco; June 30-July 1

Conference on Environmental Effects
on Antenna Performance, Institute for
Telecommunication Sciences,
Cooperative Institute for Research

In Environmental Sciences, Air

Force Cambridge Research
Laboratories; University of Colorado,
Boulder, Colo.; July 7-18.

Conference on Measurement Education,
IEE; University of Warwick,
Warwickshire, England; July 8-10.

Conference on Nuclear and Space
Radiation Effects, |IEEE; Pennsylvania
State University, University Park, Pa.;
July 8-11.

International Conference on Medical
and Biological Engineering,
International Federation for Medical
and Biological Engineering, Joint
Committee on Engineering in Medicine
and Biology, IEEE, Instrument Society
of America, American Society of
Mechanical Engineers, American
Institute of Chemical Engineers;
Palmer House, Chicago; July 20-25.

Annual Conference on Engineering in
Medicine and Biology, International
Federation for Medical and Biological
Engineering, Joint Committee on
Engineering in Medicine and Biology,
IEEE, Instrument Society of America,

(Continued on p. 30)
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WHY GAMBLE!

miniature trans
look to

THE NEW SAGE
MICROCUBE LINE

When Sage makes it, you can count on advanced design,
highest quality and complete dependability. These new
Microcube Miniature Transformers, featuring highly effi-
cient laminated cores and sealed construction, are no
exception. Specify Sage when you require . ..

®m A MINIATURE BROADBAND AUDIO TRANS-
FORMER that utilizes minimum space and standard
grid spacing. Sage can supply them with power rat-
ings of up to 50 milliwatts at 1KHz; frequency re-
sponse of * 2 DB from 400 Hz to 250 KHz; 5%
maximum distortion; primary impedance “Standard”
to 25K ohms, “Special” to 100K ohms.

® A PLUG-IN PULSE TRANSFORMER with very fast
rise times. Sage manufactures a microcube trans-
former with rise times to 50 nanoseconds; ET con-
stants to 5000 volt microseconds; high pulse imped-
ance with low droop.

® ONE SIZE PACKAGE STANDARDIZATION. Sage
can provide miniature inductors in the microcube
configuration featuring inductances to 50 henries,
highest Q and excellent stability.

Give us the opportunity to discuss your requirements.
SAGE ELECTRONICS CORP., Box 3926, Rochester, N.Y.
14610; Tel: (716) 586-8010

A Leader in Micromagnetics

ELECTRONICS

SUBSIDIARY OF GULTON INDUSTRIES, INC.
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Meetings

(Continued from p. 28)

American Society of Mechanical
Engineers, American Institute of
Chemical Engineers; Palmer House,
Chicago; July 20-25.

Conference on Instrumentation Science,
Instrument Society of America; Hobart
and William Smith College, Geneva,
N.Y.; July 28-Aug. 1.

Seminar on Case Studies in System
Control, |IEEE; University of Colorado,
Boulder; Aug. 4.

Joint Automatic Control Conference,
IEEE; University of Colorado, Boulder,
Colo.; Aug. 5.7.

Third Annual Contemporary Filter
Design Seminar, University of Missouri,
Columbia. Mo.; Aug. 5-8.

Short courses

Built-In Test and Continuous
Monitoring, New York University, United
Engineering Center, New York; June
16-20; $265 fee.

Modern Digital Systems Design, Texas
A&M University, Department of
Electrical Engineering, College Station;
June 16-20; $150 fee.

Computer Applications for Vibration
Problems in Engineering; University of
Wisconsin, Department of Engineering,
Madison; Aug. 11-15; $200 fee.

Call for papers

Vehicular Technology Conference, |IEEE,
Columbus, Ohio, Dec, 4-5. Aug. 1 is
deadline for submission of abstracts to’
Robert E. Fenton, Department of Elec-
trical Engineering, Ohio State Univer-
sity, Columbus 43210.

Conference on Signal Processing Meth-
ods for Radio Telephony, IEE; London,
England, May 19-21, 1970. Aug. 25 is
deadline for submission of papers to
the IEE Conference Department, Savoy
Place, London, W.C.2.

Winter Power Meeting, |EEE; Statler
Hilton Hotel, New York, Jan. 25-30,
1970. Sept. 15 is deadline for submis-
sion of papers to J.W. Bean, technical
program chairman, 1970 Winter Power
Meeting, 345 E. 47 Street, New York
10017.
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Allen-Bradley cuts space requirements
with new sealed type Z cermet trimmers

<A

this latest addition to the Alle -Bradley line of ¢ rmet trimmers. .. the
type Z...affords high performance in an especially compact package

The cermet material—an exclusive formulation developed by
Allen-Bradley—provides superior load life, operating life, and electrical
performance. For example, the full load operation (14 watt) for 1000
hours at 70°C produces less than 39, total resistance change. And the
temperature coefficient is less than 250 PPM/°C for all resistance
values and throughout the complete temperature range (—55°C to

+-125°C).

The Type Z is ruggedly constructed to withstand shock and vibration.
The. unique rotor design _ensures smooth adjustment and complete RBbermahts Horzo Rt b¢ yartical,
stability under severe environments, The leads are permanently an- = s Rhiaa 85% 6 4 125°C

o : ange: — A
chored and bonded. The connection exceeds the lead strength—opens g el

cannot occur. Leads are weldable. Resistances: 50 ohms through 1 megohm.
Lower resistances available.

f— 14" = 1/4"—~

SPECIFICATIONS SUMMARY

The enclosure is SEALED. It is both dust-tight as well as watertight,
and can be potted. Mounting pads prevent moisture migration and also
pgst-solder washoutx For full spfriﬁ(‘ati(')ns on this new spacesa»:ing cermet Rotationsl Lite: Lestihan 2% total resistance
trimmer, please write Henry G. Rosenkranz, Allen-Bradley Co., 1201 S. change after 200 cycles.
Second St., Milwaukee, Wis. 53204. Export Office: 1293 Broad Street, Rotation: 300° single turn.

Bloomfield, N.J., U.S.A. 07003. In Canada: Allen-Bradley Canada Ltd.

Tolerances: +20% standard, +10% available.
Resolution: Essentially infinite.

End Resistance: Less than 3 ohms.

A i » A T ' b ¥4
©Allen-Bradley Company 1968 @ { & %.k ,&if}, L} }M'E 3(
ety W, QUALITY ELECTRONIC COMPONENTS
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JDT Series Dry Reed Relay

An entirely new magnetic structure makes
possible an exceptionally low seated height
of only 0.275 inch for high density board
packaging. Circuit boards employing JDT
relays may be spaced on 0.5 inch centers.

This design minimizes magnetic flux dis-
persion, resulting in a very efficient mag-
netic circuit. This decreases coil power
requirements and often permits direct

) operation of JDT relays in low-power semi-
conductor logic circuits. An interfacing
amplifier may be eliminated in many
applications.

Terminals are similar to those on IC pack-
ages, permitting spot testing on either side
of a circuit board. The dual in-line terminals
on 0.1 inch centers simplify circuit board

design. The reed switches are rated at 10
watts maximum resistive (50V or 0.5A DC
maximum) switching. °

A solid state time delay circuit may be

incorporated in this small package. Or a
Darlington amplifier can be included to
compensate for low current applications.
However, the number of available poles for

switchingis reduced by the addition of either
of these circuits.

The JDT is completely encapsulated in
epoxy, giving protection against environ-

mental contamination. The Series is pres-
ently available in many combinations of
Forms of A, B and C.

Get full information today by calling your
local P&B representative or call direct to
Potter & Brumfield Division of American
Machine & Foundry Company, Princeton,
Indiana. 812-385-5251.

SPECIFICATIONS

o [ Power:
JDT 4000 Series: 310mw nominal
JDT 8000 Series: 600mw nominal
Operate Time:
4 milliseconds maximum @ nominal voltage
@ 25°C, including bounce
Temperature Range:
~50° to +85°C

Expected Life:
Approximately 20 million operations (resistive)

‘ trepy 07 090 ?;;
°
023+ r—“o ”‘P)'ir' e | 177
w”'m ﬁ

from PB

f——1 250 MAX. —+o

JDT 8000 Series JDT 4000 Series
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| Introducing_Potter & Brumfield's un)'que

aual thin-ine
eed reay

mounted height is only 0.275"
power requirements: only 75mw per pole
comblnatlons of Forms A, B and C are available

W

4

Sy e T

Single lot prices are as low as $7.65
for 4-pole version (JDT 4000 Series)
with 6 or 12-volt coils.

The 8-pole relays (JDT 8000 Series)
start at $12.95. Quantity discounts
apply. Order sample quantities
today for evaluation in

your most sophisticated design.

STHTESTT
- ANR ()

A MR POTTERsBRUMFIELD
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The H632 — first member in the Honeywell
Series 32 family of medium-scale
computer systems — offers 15% to 50%
better price/performance than any
computer in its class.

That’s Ultramation . .. the ultimate in
automation by Honeywell computers.

The field-proven H632 is a 32-bit I/C
system that can grow from 8K to 132K
words using plug-in modules; from one
central processor and one |/O processor
to four each.

It's ideal for such on-line real-time
applications as trainer/simulators, ground
support/checkout, research, and

e/ performance

ium- sc:ole compu’rer systern

tracking/navigation. And it has a complete
line of peripherals and subsystems.

The H632 offers you special processor
capabilities in multi-processor configura-
tions, optimum use of available memory
space, and plenty of software. A system-
oriented instruction set includes bit,
boolean, and halfword operations.
Delivery is six months A. R. O.

Find out how much you can save in a
medium-scale computer system with a
1740-hour MTBF. For summary brochure
on the H632 write Honeywell, Computer
Control Division, Framingham,
Massachusetts 01701.

Honeywell

AUTOM ATI ON
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Editorial comment

Are we ready for IC standards?

Lots of talk but little apparent action has charac-
terized the many attempts to generate workable
standards for IC’s. Perhaps the fault lies in the
broad scope of all efforts to date. Standards may
not be needed at all the levels proposed. Docu-
ments have been drawn up by equipment manu-
facturers, the Electronic Industries Association, the
Aerospace Industries Association, and Government
agencies, but few are in use.

Another impediment to IC standardization is the
failure of users to press for registration, and manu-
facturers have studiously avoided registering any
devices with the EIA. Further, IC makers resist the
suggestion that specifications ought to include de-
tailed instructions on how the devices are manu-
factured. And they balk when complex screening
requirements are included in the specifications.
C.H. Zierdt Jr., chairman of EIA’s Committee on
Specifications and Standards, notes that attempts
to get IC standards are still blocked by Department
of Defense policies against coordinating military
specifications. Part of the reason device makers
have disdained the registration procedure, he says,
is the presumed marketing advantage of the claim
that “our XXX-series devices are better than anyone
else’s.” (This factor didn’t deter transistor makers
from entering the market with A & B versions

Safety in the streets

Research and development is a new tool for the
Justice Department—one that could be misused. It
ought to be directed toward the immediate pre-
vention of crime in the streets, not toward long-
range sociological studies.

Prior to 1969 the Justice Department had no
vehicle to carry out R&D. Then last year Congress
created the Institute of Law Enforcement and
Criminal Justice, a subsidiary of the Justice De-
partment, and gave it $3 million for R&D. In fiscal
1970, the Institute is asking for $20.9 million.

Congressman James Scheuer (D., N.Y.), who
was instrumental in founding the Institute, hopes
the bulk of the appropriation will be directed
toward hardware development. In a book to be re-
leased this month®, Scheuer devotes the first five
chapters to the description of needed hardware for
the detection and prevention of crime. He believes
R&D should be carried out by triumvirates consist-
ing of a law enforcement agency (such as a metro-
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of standard types and occasionally inventing new
type numbers when it suited their purposes.) One
thing that no standards committee has yet pro-
posed is a simple registration code to identify fam-
ilies of IC’s. The EIA is reluctant to reserve series
of numbers so that devices of the same family
could carry sequential numbers regardless of when
individual IC’s within the family were developed.

In the meantime, the lack of registered IC’s
doesn’t seem to be retarding the expected benefits
of standardization, namely, device interchangeabil-
ity, price competition, and off-the-shelf availability.
On the other hand, the industry’s concerted at-
tempts to achieve formal standards have yielded a
good deal of informal standardization. For example,
device makers tend to follow closely, if not exactly,
the test procedures set forth in MIL-STD 883, and
some data sheets are based on EIA’s formats.

The industry is about to get another crack at a
“general specification for microelectronic devices,”
when Zierdt’s committee submits its final draft for
consideration this month. The proposal will have
a commendable new feature: it will provide for the
specification of any one of four device quality
levels (level I requires visual inspection only; level
IV includes sampling tests as well as 100% inspec-
tion requirements). W

politan police department), a university, and a
private company.

No firm figures have been set on how much of
the $20.9 million will be directed toward electronics
programs. Nevertheless, the new director of the
Institute, Henry S. Reuth, is seen by his associates
as a “Nixon pragmatist,” and is expected to en-
courage adaption of existing hardware such as
transceivers that can be attached to a patrolman’s
helmet or pocket. One Justice Department official,
informed that the military already has comparable
transceivers in use for pilot rescue in Southeast
Asia, said “I suspect one of the first things we’ll
do is to get together with Pentagon scientists to
see what they’ve got.”

Scheuer’s “three-cornered” approach to R&D,
coupled with Justice’s pragmatism, could acceler-
ate safety in the streets. ®

*To Walk the Streets Safelg, by James H. Scheuer,
Doubleday and Co., Inc., 1969




HP RELAYS

HP2-R

R-series — for plug-in
to standard sockets.

HP2-S

S-series — for direct
solder tab connection
or used with AMP-
connectors.

FEATURES:[J UL Approval ] Long life,
high reliability, superior contact perform-
ance.[] DPDT, 3PDT & 4PDT types avail-
able at all voltage levels. ] Both solder and
plug-in types available for AC and DC HP
applications at 6, 12, 24, 48, & 120 volts. [
Complete standardization & simplification
allow minimized sizes and lowest prices. []
Totally interchangeable with U.S. compon-
ents, including pin configurations.

SPECIFICATIONS:
Max. switch-off current
Max. switch-on current
Max. contact current ..
Max. contact voltage .
Mazx. contact power ....
(at DC 24V), 2.
Max. pull-in/drop-out time
Shock resistance
Mech. life ....

Brand new series — 3-pole versions of
HP relays, for both AC & DC high
power applications.

Circle 36 on reader service card

HC RELAYS
=

HC 2
HC4 "*TF% 2C contact arrangement
4C contact arrangement
Especially designed to meet market de-
mand for EDP, computer, process control
and many other applications.

FEATURES:] UL Approval[l Extra-long
life: Mechanical — 108 / Electrical — 105[]
High reliability — gold flashed silver-cad-
mium oxide contacts. ] Compact size — 1.2
cu. in. [J AC & DC types [] Large control
capacity: 3A for 4C, 5A for 2C.

SPECIFICATIONS:
Shock vibration resistance 10-5@G, 55 Hz
Coil voltage 6to 115 VAC, 6 to 110 VDC
Pull in/Drop out time ......13/10 ms
Temperature range —50° to +50°C
Coil power @ 25°C:
AC=1.20V amps nom.; 0.77V amp min.
DC=0.90 watt nom.; 0.58 watt min.

Call or write for details:

HM RELAYS 3

S terminal

P terminal

FEATURES: [0 Minimum 15g contact
pressure ] High life ] Low price"] Contact
material: gold flashed silver ] SPDT types
available with both P and S terminals at
3V, 6V, 9V, 12V, 18V, 24V, 35V, 42V, and
60V.

SPECIFICATIONS:
Max. switch-off current
Max. switch-on current
Max. contact current .
Mazx. contact voltage .
Max. contact power .
Mechanical life
Pull-in/Drop-out time
Vibration resistance

P REMVAC COMPONENTS, INC.

37-55 61st Street, Woodside, Long Island, New York 11377 e
. Agents for U.S. sales of components manufactured by
Matsushita Electric Works, Ltd.

(212) TW 9-6100




Motorola to offer
frequency synthesizer
on an ECL chip

Add S-3A, Awacs
to '69 doubtful list

ICNI to carry
Air Force ideas
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The ubiquitous digital integrated circuit may become yet more so when
Motorola unveils its emitter-coupled logic frequency synthesizers by
the end of this year. The circuits are aimed squarely at the communi-
cations market up to 150 megahertz, and will include a voltage-controlled
oscillator, a phase-frequency detector, a charge pump which sets the
control voltage for the VCO, and presettable down-counters.

Unlike the analog circuits now used in receivers, the digital version
will produce a square-wave output and thus create undesirable higher-
order harmonics. But Motorola engineers say that a filter will take
care of these and that the new IC’s still do away with filters used in
the analog circuit.

One of the biggest guessing games now going is what new military sys-
tems will be started this year. And guessing is about all anyone can do
since the Nixon Administration is understood to be willing to trade
one or more new-program starts to get the Safeguard ABM through
Congress. Among programs that may be on the block is the Navy’s
S-3A antisubmarine aircraft (VSX). Cancellation could get the Pentagon
off an embarrassing hook since a Navy selection board picked Lockheed
over General Dynamics just about the time the Army canceled Lock-
heed’s Cheyenne attack helicopter production order because of technical
problems. Another program that could be expendable is Awacs, the
airborne warning and control system, for which Boeing and McDonnell
Douglas are competing.

Some industrial officials also worry about the F-15, the new Air Force
interceptor, which is now slated to go to a contractor late this year.
The traditional question crops up: does the U.S. need both the F-15
and the Navy’s F-14 now being designed by Grumman? Both aircraft
are designed to fill the gap left by the trouble-plagued F-111 program,
but some wonder why the F-14 couldn’t follow the lead of the McDon-
nell Douglas Phantom, originally developed for the Navy but then
purchased in large quantity by the Air Force.

And for some unexplained reason, the request for proposals for the
new Air Force strategic bomber, AMSA, continues to slip. Latest word
is the rfp will go out late this month, but even this doesn’t look very
firm.

The “thin-thread” integrated communications, navigation, and identi-
fication (ICNI) system, for which bids are due tomorrow, will be an
Air Force test bed during the seventies for the development of new
operational hardware, modulation schemes, and signal structures of the
Air Force Avionics Laboratory at Wright-Patterson AFB, according to
Richard Alberts.

Only one contract will be awarded for the initial two-year program
designed to demonstrate, with aircraft rather than satellites, the feasi-
bility of the different systems studies made to date. And at the same
time, the demonstrations could help convince any Pentagon skeptics
that the integration of the basic ICNI functions into a single system,
which couldn’t be operational until the 1980’s, is desirable.
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P-3C’s lllitvis first
for aircraft use

SST funding
still stalled

Hughes ocr’s await
stamp of approval

. NASA software study
- delayed by semantics

Addenda

Electronics Newsletter

The low-light-level television system on the Navy’s P-3C antisubmarine
warfare aircraft is probably the first for operational use on any plane.
The first two units, which use an image-intensifier, image-orthicon sys-
tem supplied by General Electric’s Aircraft Equipment division, were
delivered last month. They replace the high-power searchlight on earlier
P-3’s. The tv system will enable the P-3C to detect surfaced subs under
starlight conditions.

Persistent Washington reports that the Nixon Administration is prepared
to let the supersonic transport program die of economic starvation have
rattled hopeful avionics suppliers, Unfunded in Lyndon Johnson’s budget,
the Boeing SST needs $200 million during fiscal 1970, which starts July 1,
1969, to move from design into construction of a $1.1 billion prototype.

Washington sources say the President has decided to put off a budget
request to the Congress until he gets a reading on the reaction to his plan
to extend the income-tax surcharge and repeal the 7% investment tax

“credit.

. Hughes Aircraft Co.’s Vacuum Tube Products division is awaiting Post

Office approval of a $600,000 contract for 50 optical code readers to
process business-reply mail. The scanners would go on sorting machines

“in Chicago, the world’s busiest business-reply center. Hughes spokesmen

say the initial installation would pay for itself in 18 months because no
sorting machine operators are needed. The cost of ensuing scanners could
be made up in about half that time, says Hughes.

Unlike most ocr’s, which are passive, the Hughes scanner is an active
device. Several scans are taken of the envelopes’ bar codes and the
system then sorts the mail by company. In demonstration runs, the
system has averaged only one error in 10,000 sortings.

More than half the $490,000 in grants planned for the NASA Electronic
Research Center’s Sofix (software fix) program have been assigned; and
the remainder should be awarded by month’s end. Sofix is to be a mini-
mum five-year effort aiming to make development of software as well
planned and controlled as that of oomputer hardware [Electronics,
March 31, p. 36].

Comsat’s planned global communications system will be completed by
the end of the month with the positioning of three Intelsat 3 satellites.
The most recent bird is being moved into synchronous orbit over the
Pacific; _the Intelsat 3 now over the Pacific will be moved to the Indian

'Ocean. . .. Sylvania Electronic Systems-East has submitted to NASA’s

Lewis Research Center a midterm design review of an antenna for a
direct-broadcast television satellite due to fly in the 1975 period. Sylvania
is keeping details of the $99,000 study under wraps until mid-June but
does state that the system would be capable of broadcast to individual
time zones; also home tv sets could be modified for only $100 to $150
to pick up the SIgnal . Indications are that other makers of Texas
Instruments’ series 54/74 transistor-transistor logic would go along with
TI’s price cut—an average reduction of 30% in OEM prices.
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Symbolic electronic signal undistorted by EM| —
When you want radar as pure and coherent as a laser beam... photographed by Howard Sochurek

bring ERIE in early.

ERIE TECHNOLOGICAL PRODUCTS, INC.




Are you a creative software designer ?

You'll be doing conceptual design
of new-generation aerospace soft-
ware systems. For an advanced,
real-time computer system.

You'll be part of a small team

of exceptional software/hardware
specialists. But also part of a
growing, highly diversified
company where good work and
creative thinking are recognized
and rewarded.

join Hughes
in California?

It's a great spot to grow
professionally. And Southern
California isn't such a bad spot for
your family to grow up, either.

Requirements: Degree (MS pre-
ferred) in engineering, mathe-
matics, or physics. At least three
years’ experience with software
systems, assembler and compiler
languages, simulation systems,
and use of large-scale computers.

Please airmail resume today to:

Mr. Robert A. Martin

Head of Employment
Hughes Aerospace Divisions
Dept. 38

11940 W. Jefferson Blvd.
Culver City, Calif. 90230

An equal-opportunity employer—
M & F. U.S. citizenship is required

iHUGHEsi

HUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS

r
[
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The Bettmann Archive Inc.
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MAGNETICS
BY ARNOLD

CUT SOME FANCY CURVES! O

perating an old-time bandsaw was no push-

over. Today, it’s a snap of the switch and a motor does it for you...easily,
smoothly, steadily. A motor that’s probably actuated by an Arnox® hard ferrite
permanent magnet. What’s more, Arnold’s magnetic materials perform a sim-
ilarly efficient job for a lot of other machine tools—including the computer-

driven ones.

Forward-looking manufacturers always look to Arnold for high-quality mag-

netic materials, design, technology,
Laminations. You ask. We’ll supply

ARNOLD

SPECIALISTS IN MAGNETIC MATERIALS

The Arnold Engineering Company, Main Office: Marengo, lIl.
Branch Offices and Representatives in Principal Cities.
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components. Magnetic cores. Powder cores.
. The best in magnetic materials.

Other Arnold products offer a lot of potential both in
machine tool operation and control: MPP and powdered
iron cores « Tape and Bobbin cores « Alnico and Arnox®
permanent magnets e« Supermendur transformer cores.

Write for your free guide to the only complete line of magnetic materials.

Circle 43 on reader service card 43
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What do these oil exploration sites
have in common?

Tough environments
and reliable T1 plastic ICs.

Conquering the elements
is a major requirement of
electronic equipment used
in geophysical service.
where tough environments demand
rugged equipment and components.

Storage temperatures range from
—50°F in the arctic to more than
150°F in the desert, operating tem-
peratures from freezing to a searing
130°F.

Tropical rains and salt spray send
humidities soaring to 100%.

Modules have even been submerged
while crossing jungle streams.

And just transporting the equip-
ment to job sites requires battle with
some of the roughest terrain in the
world.

Rugged TI plastic ICs have won this
-battle with heat, cold, humidity and

shock. Approximately 800 TI plastic
ICs are used in each of the 150 DFS-
III’s™ —digital seismic field systems
—sold by TI's Industrial Products
Group to geophysical crews on every
continent and ocean. With DFS-III,
these field workers instantly collect
important seismic data in computer
format to help uncover possible oil
traps far below the earth’s surface.

Out of the 100,000 plastic ICs in
service on DFS-III field units, less
than 0.03% have failed in up to three
years duty. This performance has
made DFS-III the industry standard
for reliability.

Performance of TI plastic ICs has
also established new standards of
reliability for many other equipments.
Over 1700 T1 customers have combined
the reliability and low cost of plastic

ICs to the benefit of their systems.
Both the number and the diversity of
plastic IC applications are growing
dramatically.

Reliability Summary

For the latest informa-

ATexas Instruments
reliahility summary

tion on the performance
you can expect from TI
plastic ICs, send for the
new Reliability Sum-

mary just off the press.
Clrcle 246 on the Reader Service card
for your free copy...or write direct
to Texas Instruments

Incorporated, Post Office o
Box 5021, MS 980, Dallas, ﬁ
Texas 75222.

TEXAS INSTRUMENTS
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fogether
for the first fime
in one package
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the * hybrid voltage regulator internally preset to * 15 VDG

If you use Op Amps, General Instrument’'s Complemen-
tary/Dual Polarity IC Voltage Regulator (NC 572) is made
for you. For the first time, 4+ and — 15 V regulators are
combined in one IC package providing two isolated and
independent control sections of complementary polarity.
The NC 572 also provides a combjnation of features that
are superior to those available in any individual positive
or negative voltage regulator. ..

For example:

= Qutput voltages are internally preset to the most popu-
lar Op Amp supply voltages, 415 and —15 VDC. Where
required, the output voltage can be externally adjusted
to any value from =13 to *=38 VDC or factory preset to
any voltage within this range.

= |ts high efficiency performance is demonstrated by a
minimum required output/input voltage differential of
only 1V for the positive regulator and 2V for the negative
regulator.

= Other features include: line regulation of 0.0005%
Vo/Vin, load regulation of 0.0005% Vo/mA, input iso-
lation of 74 dB min., and a full military operating tem-
perature range.

= The unit price at 1-24 pcs. is $30.80; at 500-999 pcs.,
$24.20 each.

The == NC 572 hybrid voltage regulator in one 16-lead
TO-8 style package is now in stock and immediately

GENERAL INSTRUMENT CORPORATION o

+ + ~ =
TEST- REGULATED REMOTE REMOTE REGULATED TEST-
POINT  OUTPUT  SENSE SENSE  OUTPUT PO
7 s o2 o8
E T T TR R T [ i) I =
UNREGULATED
| e
consT, |
CURRENT
g |
| e
}J |
Awp
POSITIVE
REFERENCE 2 I INTERNAL  INTERNAL | 10 mEFenEnce
TcR TcR
i | 2 DIVIDER  DIVIDER | INPUT
! TempERAT | s
zenen 5 Pty zenen
o
pEa Freneuce
S UGS M S S |
L PIN NO, 16 CONNECTED TO CASE

800 WEST JOHN STREET, HICKSVILLE, L. I, NEW YORK

Functional Diagram

available from your authorized General Instrument Dis-
tributor.

For complete information, call (516) 733-3244 or write,
General Instrument Corporation, Dept. I, 600 West John
Street, Hicksville, N.Y. 11802.

(In Europe write to: General Instrument Europe, S.P.A.,
Piazza Amendola 9, 20149, Milano, Italy. In the U.K. to,
General Instrument U.K., Ltd., Stonefield Way, Victoria
Road, South Ruislip, Middlesex, England.)

GENERAL

INSTRUMENT
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Our new “4th generation”

12.5 MHz universal counter/timer
Wonderful versatility.
Wonderful small package.
Wonderful small price.

With the new Model 100A you can
measure average frequency, frequency
ratio, single period or time interval, or
count total events. It has a crystal-
controlled clock, Monsanto integrated
circuit construction, and built-in com-
patibility with a rapidly growing assem-
blage of accessory modules.

Circle 47 on reader service card

With its $575 price tag, FOB
West Caldwell, New Jersey, you can have
big-league counter/timer performance
at costs never before possible. Small
wonder we are selling and delivering
Model 100A's just as fast as we can
build them. Accessory modules are also
comparably modestly priced.

For a demonstration of our “Small
Wonder,” the Model 100A universal
counter/timer, or for full technical de-
tails call your local Monsanto Field Engi-
neer, or contact us directly at: Monsanto
Company, Electronic Instruments, West
Caldwell, New Jersey 07006, (201)
228-3800.

Monsanto



GRAFT

I can tell you right now, if the new DW “Multi-Switch”
doesn’t save on space and cost, and offer plenty of
versatility it’s going to be a dud!

That's the point. Switchcraft designed this compact
pushbutton switch to do both. It's not just a scaled
down version of an existing ‘“Multi-Switch”.

I’ll buy your design philosophy so long as you haven’t
sacrificed the versatility and quality we’ve been accus-
tomed to on your larger switches. And, don’t forget
economy.

Let’s tackle your points one by one, and see how the
new Series 65000 DW “Multi-Switch” shapes up!

We've guaranteed versatility by using simplified modu-
lar construction. Essentially, the switch consists of a
frame up to 18 stations long, latch bar for function
control and switching modules that provide up to 2C
(DPDT) circuitry.

Fig. 1

 Series 65000 DW “Multi-Switch” assembly

Fig. 1 shows how these elements are combined to com-
plete the switch. The latch bar and mating actuator
configuration determine the functional operation, such
as: Interlock, All-lock, Non-lock, and even special
functions. The push-to-lock, push-to-release function is
also available and can be combined with Interlock, All-
lock, Non-lock on the same switch frame without any
interaction between the various functions.

We don’t have space to cover all the versatility details,
such as, printed circuit terminals, pushbutton engrav-
ing, accommodation for mounting with Tinnerman
nuts, etc. JUST CIRCLE THE READER SERVICE
NUMBER FOR NEW PRODUCT BULLETIN #174.

*Patent applied for
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on the new

DW
“Multi-Switchy”

An example of quality construction is the rigid frame,
and double-wipe contactors used for extreme reliabil-
ity. Fig. 2 shows how the ‘U” shaped contactor pro-
vides positive contact and minimizes “bounce”. Also,
the molded nylon pushbutton actuators are an integral
part of the module. They can’'t be lost or pilfered.
Our quality story ties right into economy. You can’t
buy a better made, compact multiple-station push-
button switch for the money.

We’'ll accept the commercial, only because you have
the reputation to back it up. The design looks great,
but what about ratings and special circuit applications?

Typical ratings for silver-plated contactors would be
3 amps. A.C.,, 0.5 amps. D.C. 125v. non-inductive. For
dry circuit applications, gold flashed contactors and
terminals could be furnished. As usual, we're glad to
engineer specials to accommodate your volume
requirements.

I'll probably have more questions after we get a few
samples on test. In the meantime, I'd like certain
members of my staff to get complete engineering de-
tails on the DW “Multi-Switch” switch.

Just have them drop us a request on your company
letterhead for complete technical scoop. Also, we'll
add their name to our TECH-TOPICS mailing list to
receive this engineering-application magazine every-
other month. Over 10,000 engineers find the applica-
tion stories very interesting and useful in their work.

OLARRA AR Y

5539 North Elston Avenue * Chicago, Illinois 60630

*Patent applied for
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Through this

ordinary voice grade line

pass 9600 bits
every second.

y

y

Unbelievable? There’s nothing to it, really. The Codex Model
AE-96 Modem transmits 9600 bps over one voice grade Type
3002, C-2 conditioned line. And with accuracy as good as 2400
bps equipment. So one leased line can do the work of four.

An Automatic Adaptive Equalizer conditions the data. You
press a button to start equalization. Three and a half seconds
later, the AE-96 is ready to transmit data. It monitors the line and
compensates for line changes — 8 times per second. No hours of
setup, and no need for manual adjustment.

Codex’s AE-96 is in use, and on the production line. Meets
EIA RS232B Interface Standards, and MIL Std. 188B.

Want literature? Test results? Full details? Write Richard
Young, Marketing Manager, Data Transmission, Codex Corpora-
tion, 150 Coolidge Ave., Watertown, Mass. 02172. Phone: (617)
926-3000 TELEX: 922-443.

COCEX

CoPOalioN
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Our new mini-computers have
built-in programmers.

Most small computers are designed for programmers. Ours
are designed for people.

Just tell our 16-bit machines what you want done. The
CE16 and CF16 will do it, because their “built-in program-
mers” (a comprehensive set of sophisticated instructions) let
any engineer use them with ease. For example, the single
instruction “scan memory” makes our machines compare a
given number with the contents of the entire memory.

The CE16 and CF16 have 125 other heroic instructions
that specify comprehensive maneuvers. So you give fewer
instructions and use far less core memory than with any
other small computer. Problem run times are shortened and
Input/Output operations are simplified.

The CE16 and CF16 are designed to control and
exchange information with a large number of external
devices while doing related computation. Their “automatic
1/0” enables them to talk back and forth between memory
and a group of interrupting peripherals, in order of priority,

Circle 50 on reader service card

without needing attention from the on-going program.

Automatic I/0 isn’t a high priced option. Neither is a
teletype, nor three priority interrupts, one of which is indefi-
nitely expandable. They’re all standard. The only thing you
might pay extra for is speed. The CF16 can do a fully signed
software multiply in 42 micro-seconds. But it costs a little
more than the CE16 which takes 126 micro-seconds (which
isn’t bad) for the same job.

Don’t take our word for all this. Drop us a line asking for:
* A brochure with straight from the shoulder specs so you
can compare.
* A representative with more information than could fit
in a brochure.
* Or a meeting between our sales
engineer and one from any competi-
tor you want, at your office. The com-
petition can even bring a programmer
along. We won’t have to.

Scientific Data Systems,
El Segundo, California
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The Hill wants a computer—but whose?

Responsibility for the system will fall to the GAO; Budget Bureau links
would speed accurate data on Federal spending to puzzled Congressmen

As Congress hovers delicately on
the brink of entrance into the com-
puter age, manufacturers’ men in
the capital are busily trying to
wedge a foot in the door. What
they're after is not so much the
business—although hardware ren-
tals alone for a management in-
formation system linking each
member to the Budget Bureau’s
comparable system would run be-
tween $65,000 and $75,000 monthly
—but rather the prestige attached
to being the company that auto-
mated the Congress.

Still, even though passage of a
bill to bring computers to the Hill
seems assured now that it has
been favorably reported out of the
House Government Operations
Committee, there still has been no
action on specifications. The Gen-
eral Accounting Office, Congress’
fiscal watchdog, would be respon-
sible for the system—yet it has
neither a computer nor any exten-
sive experience with one. All Con-
gress has said so far is that it
wants the most modern equipment,
an observation akin to favoring
motherhood.

Fast figure. What Congress
wants in its link with the Budget
Bureau management information
system is fast, accurate data on
federal spending. Queries, says one
Budget Bureau source, could be di-
rected to specific appropriations.
“A Congressman might ask, for
example, how much was appropri-
ated, or how much has been spent
to date and how much is left. It
could be broken down by specific
appropriations measures or by in-
dividual projects within a given ap-
propriation.”

In view of strong criticism of
Defense Department spending, cost
overruns, and imprecisely defined
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budget items, little opposition to
the bill is anticipated. And backers
want it passed quickly since the
Budget Bureau has been working
a year and a half on its system,
and Congress wants to be able to
guarantee that the two systems
will work together. However, Bud-
get officials say their effort is still
largely in the study stage with a
contract out to consultants McKin-
sey & Co.

The Budget Bureau anticipates
spending between $5 million and
$6 million on its system, and Con-
gress could spend at least as much
in the long run, especially if a
hassle develops on how much ac-
cess it should have to data from
the Budget Bureau, which reports
to the Executive branch.

Cranking up. Meanwhile, sev-
eral specific computer operations
already under way could play an
important role in the proposed
Congressional system. Among
them:

» The Library of Congress is de-
veloping an information system to
keep track of the status of Con-
gressional legislation.

* The GAO has produced a com-
puter-generated key work index to
the decisions of the Comptroller-
General.

» The Air Force has developed
project LITE (for legal information
through electronics), a computer-
ized file of essential data relating
to rules regarding Pentagon pro-
curement.

According to backers of the bill,
the new system could help reduce
the budget by billions a year with,
paradoxically, much of the savings
coming out of electronics-laden
programs. The House report on the
bill says: “Decisions could be made
on costly defense systems when

they begin to exceed original cost
estimates rather than after addi-
tional millions or even billions in
tax funds were obligated.”

Adds a committee staff member:
“Such programs as the F-111,
C-5A, and Cheyenne are going to
be used in the debate to get com-
puters into Congress.”

Communications

Hear this now

«’

Fast. Digital calling system
automatically sets up links
for voice communication.

Navy radio operators must some-
times wonder if anybody out there
cares. Attempting to set up a voice
radio link can be a frustrating
affair: 60% to 80% of all calls are
delayed from 50 seconds to 3 min-
utes. And that’s a long time in bat-
tle. Even after the operator gets
through, there’s still at least a 20%
chance that either he or his party
will mess up the security procedure
known as authentication and thus
have to start the whole business
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Watchdog. This module assures
privacy when used with TCC's
digital ship-to-ship
communications system.

over again.

The statistics come from studies
‘by the Technical Communications
Corp. of Lexington, Mass., which
also.claims to have some answers
to the problems of tactical radio-op-
eration. One is a system that auto-
matically sets up two-way voice
links—often using a single pushbut-
ton—and handles
too.

No hang-on. Called the digital
. selective calling system, the scheme
cuts the delay probability by 5% to
30% and reduces the delay time to
between 3 and 30 seconds. Since
authentication is part of the ring-
back proeedure, there’s no chance
for human error.

The signalers grew out of Navy-
funded studies at TCC in the early
’60’s aimed at finding the best
modulation technique for a random
access tactical communications sys-

_tem. Instead of suggesting a modu-
lation format, TCC concluded that

random access wasn’'t necessary

and also wasted bandwidth. Also,
it found that 50% to 80% of circuit
time was taken up with so-called
supervision—the mechanics of es-
tablishing the:link and maintain-
. ing security. Often, messages ac-
~counted for only 20% of traffic
time.

- TCC also noted that the Navy’s

channel ' utilization seemed ineffi- .

cient; some frequencies were over-
loaded, while others were dedicated
to certain tasks and nearly never
used. -

TCC’s president, Arnold M. Mec-
Calmont, drew the obvious conclu-
sion that a system which could cut

52

authentication, .

supervision time would speed up
communications. He also drew the
less obvious one that since most
calls were between two parties
rather than from one party to many,
time could be saved and channel
utilization could be improved by
giving each user multiple access to
only two or three channels—regard-
less of mission.

Push to talk. Out of this came
the digital signaler. Now instead of
sending out a voice call sign and
awaiting a reply, a radioman selects
a two-digit address and pushes a
button (addresses of frequently
called parties can be preset). A dig-
ital encoder and an audio-frequency
modem convert the address to a

binary code which is sent over an

ordinary radio channel.

At the other end of the link a
similar signaler “guards” the chan- -
nel—in other words, awaits its own -
- binary address’ code. Whern the
code appears, the signaler flashes -

a light and beeps to indicate an in-
coming call. It also displays the
caller’s numerical address. In re-
sponse, the radioman presses the
authenticate button, and as he does,
his signaler sends back. a much

modified version of ~his address.

code. The ring-back tells the caller
not only that he has reached an-

other party, but also that he has -

reached the party desired.

Thus the signaler eliminates re-

peated voice calls,

garbled . re-

sponses, and the time taken to look -

up—and often mistake—authentica-
tion signals. It also finds circuit
space whenever possible.

Calls pass over either of two ra-

dio channels, and the operator can
select the free one. If both are
busy, and the message is important
enough, the user can press a pre-
empt button that signals other us-
ers to vacate a circuit. The signal-
ers in the circuit will give each user
a countdown as well as an initial

- tone signal; thus they know mnot

only that they must get off the air,
but also how long they can stay on
—usually less than 10 seconds.

Busy users can watch a hold light
that signals an attempt to contact
them. The hold feature also in-
cludes a display of the caller’s ad-
dress so that return is swift.

Step two. Through it’s only now

entering sea trials, the digital sig-
naler is only the first in a two-part
plan TCC has for aiding naval com-
munications. In the second part,
the patch panels now used to con-
nect remote radio-telephone sta-
tions with particular transmitters
and receivers would be replaced
with a computer-controlled switch-
ing system like a small electronic
telephone exchange.

This switching system would be
the heart of the Somada communi-
cations system (for self-organiz-
ing, multiaccess, discrete address).
From a digital signaler, the user
would go through the same steps
already outlined, but with poten-
tially far more addresses and many

-different frequencies at his com-

mand.

Frequencies would be allocated
by the computer, and the user nor- -
mally: wouldn’t know what fre-
quency . he was talking on, or
whether his message were being
relayed via -satellite or through a

random access discrete address -:

system. Somada’s key advantage,
according to McCalmont, is its flex-

“ibility; the transmission medium

could be anything from vif radio
to laser beams; and the mix could

. be changed when necessary. Less

recabling would be needed ‘when
new communication gear is in-
stalled; only the * computer-con-
trolled switching system would be
affected. This will allow the Navy
to update communications gear in
an evolutionary-way, adding new
gear as needed, ship by ship, and at
less cost than is now possible.
Finally, he estimates that a So-
mada system will use the radio
spectrum 66% more efficiently than

.present’ schemes—“We would use

fewer frequencies more - inten-
sively,” he says, and adds that even
the digital signaler alone could dou-

ble frequency-utilization efficiency.

To top it off, the program so far
has been inexpensive as defense
programs go. Only about $500,000
in off-again, on-again, Vietnam-
afflicted funding has been spent.
Compared with concepts like RADA,
which have much the same goals
—but which already have cost more
and promise lavish use of band-
width—TCC’s digital signaler/So-
mada scheme looks like a bargain.
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ment of April - March April

isned%stry 1969 1969* 1968

Consumer electronics . .. ... .. .. ... 107.1 110.8 101.8

Defense electronics .. ............ 158.6 163.3 153.3

Industrial-commercial electronics . ... 131.5 130.1 120.3

Totalindusty . .. ... .. . ... 141.9 144.6 134.9
Companies neither money nor technology, be-
cause its own MOS effort is minis-
Licking the platter cule. By signing the agreement, it

Signetics and the General Instru-
ment Corp. might have been made
for one another like Jack Spratt
and his wife. Signetics, the fourth-
largest integrated circuit maker,
lacked a sufficiently large product
line to grow as fast as it wished:
GI, which at one time practically
owned the MOS market, had been
staggered by production difficul-
ties and personnel defections, and
desperately needed a second source
on a couple of large contracts. The
solution the two companies came
up with: let Signetics share GI's
MOS technology.

The agreement signed by the
two companies late last month pro-
vides for the exchange of sufficient
technical information to allow mu-
tual second-sourcing of metal-
oxide-semiconductor circuits. Sig-
netics actually gives up nothing,
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not only establishes itself in the
MOS business, but also wins access
to GI's biggest customers—prin-
cipally the National Cash Register
Co., which will use a GI 256-bit
dynamic shift register in its century
computer series.

Wanted. NCR reportedly de-
manded a second source on its con-
tract, and it was this order that
provided the impetus for the
agreement with Signetics. But GI
officials are well aware that invit-
ing Signetics to help out may be
like inviting the camel into the
tent. Signetics has a reputation as
a reliable producer, and it could
conceivably grab a sizable share
of GI's custom business. (The
agreement is unique in this re-
spect, for there are no other sec-
ond-source orders on custom cir-
cuits outside the military). With at
least two huge production orders

U.S. Reports

June 9, 1969

Electronics production in April
was down for the first time in six
months, slipping 2.7 points from
the revised March figure to 141.9.
However, the overall index con-
tinued to run ahead of the year-

ago figure by 7 points. Contrib-
uting to the April decline were the
consumer sector, off 3.7, and de-
fense, down 4.7. Only industrial-
commercial continued its unin-
terrupted 1969 climb by rising
1.4 index points.

The downcurve coincided with a
report from the Electronic Indus-
tries Association on consumer
electronics sales showing totals
for the first quarter up from the
first quarter of 1968. Television
totals rose to 3,363,965 from
2,796,074, with color sets ac-
counting for 1,604,962 of the
1969 total. And the home radio
market was 8.3 million units com-
pared to 6.2 million.

Indexes chart pace of production vol-
ume for total industry and each 388-
ment. The base period, equal to 100,

is the average of 1965 monthly output
for each of the three parts of the in-
dustry. Index numbers are expressed
as a percentage of the base period.
Data is seasonally adjusted.

Revised*

in house, GI apparently felt that
the risk was worth taking.

“The second source always has
to learn how to make the parts,”
pointed out one semiconductor
maker, “and it always turns out
that the first source doesn’t tell
them everything.”

Nonetheless, even before the
contract was signed, Signetics sent
a task force to GI's Hicksville, N.Y.,
plant to work out details for the
technology transfer. It has had a
small MOS contingent since Jan-
uary, working under Donald C.
McKenzie. The company will make
MOS circuits in its new 70,000-
square foot plant in Orem, Utah.

Signetics is getting into the mar-
ket at a ripe time. Although 1968
was a disappointing year for MOS,
with total sales estimated at just
over $13 million, MOS orders have
been exploding in 1969, and most
manufacturers expect the market
to double this year. The mere entry
of a new and reliable producer
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may increase the market.

Selective. Signetics will probably
not second-source the whole GI
line, because it has grown haphaz-
ardly as custom products were al-
tered slightly for inclusion in the
catalog. Also, the circuits operate
at voltages too high for direct in-
terface with bipolar logic. Under
new president William C. Hittinger
and new microelectronics boss
J. Leland Seely, GI has been re-
vamping that line; it recently in-
troduced a silicon nitride passiva-
tion process to obtain low-voltage
operation, directly compatible with
bipolar circuits. /

The NCR contract was for high-
voltage circuits. But Signetics will
get the nitride process as well, un-
der terms of the agreement.

Military electronics

Early help

The Navy’s operational test and
evaluation force (Optevfor) in Nor-
folk, Va., has asked to be cut in on
early design review conferences for
new hardware systems. The reason:
Optevfor is anxious to counter the
so-called designed by geniuses for
use by idiots syndrome that tends
to foul up certification of systems
for fleet use.

The syndrome is common to
much military hardware and hinges
more on poor design rather than
on workmanship; it also plays a
part in the overly complex docu-
mentation for system maintenance
by enlisted technicians.

Disclosure of the Optevfor re-
quest was passed to industry at the
closed Systems Performance Effec-
tiveness Conference sponsored by
the Naval Material Command.
Passing the word was Cdr. Jerrold
M. Zacharias, back from Vietnam
and now attached to the Attack Air
Warfare section of Optevfor, where
hardware faces its biggest hurdle—
certification for fleet use.

Shortcomings. At the meeting
in Washington, Zacharias cites,
among others, the following elec-
tronics systems deficiencies:

= Jgnorance of human engineer-
ing that produces ambiguous and

54

obscure labeling of control switch
functions; poor visibility, readabil-
ity, and interpretability for instru-
ments; lighting panels with no in-
termediate intensity ranges; and,
in the case of one missile, cluster-

ing of five toggle switches so close

that all five can be covered by a
pilot’s gloved hand. Quick reaction
conditions requiring use of this
switch bank, said Zacharias, “often
resulted in inadvertent disablement
of the entire missile system.”

= Design changes in another mis-
sile which affected system receiver
sensitivities; inability of the eleva-
tion tracker in a fire control system
to keep up with a ship’s roll in any
weather since the hardware was
designed for ships with an eight-
second roll period though the test
ship has a four-second roll period;
modifications to a data processor in
a sonobuoy evaluation, and a com-
puter program change in a carrier
landing system lead to the testing
of equipment that is “no longer
representative” of production mod-
els.

= Total absence of maintenance
documents or the presentation of
documents so complex—no less
than engineering drawings and
block diagrams in one case—that
fault location by technicians is
slowed, mean-time-to-repair in-
creased, and equipment given low
test marks because of it.

Zacharias, citing his service as
commander of a Grumman A-6A
Intruder squadron before the North

Vietnam bombing halt, hinted that"

the plane’s avionics problems were
more plentiful than previously in-
dicated despite the high public
praise given the aircraft’s capabil-
ity for all-weather operations over
high-threat targets.

“Failure of any component, even
the radar altimeter, during the mis-
sion into a high threat area can
cause the flight to abort,” he said.
He specifically cited such complex
subsystems as the inertial naviga-
tion system, digital ballistics com-
puter, and search and track radars.

Industry registrants later were
inclined to construe his comments
on A-6A failures as directed princi-
pally at bugs in Litton’s digital in-
tegrated attack navigation equip-
ment (Diane), now corrected.

Integrated electronics

One-way road

While some companies are com-
bining technologies to produce
faster and more accurate analog-to-
digital converters, Ragen Semicon-
ductor, a division of Ragen Preci-
sion Industries, is applying a single
technology—complementary metal
oxide semiconductors—to produce
a smaller one.

Under a contract with the Air
Force Avionics Laboratory at
Wright-Patterson Air Force Base,
Ragen is developing a monolithic
CMOS a-d converter with a resolu-
tion of 12 bits, and an accuracy of
0.1% of full scale. There are inte-
grated circuit a-d converters, but
these consist of one or more pack-
ages of bipolar or p-channel MOS
circuits and one package contain-
ing a monolithic or thick-film pre-
cision ladder network. Ragen’s
unit will be contained in one 28-
lead ceramic package with one, or
at most two chips. The problem
here is that seven capacitors are
required, and if they pose a size
problem when constructed on the
circuit chip using MOS devices,
then they can be made on a second
chip employing thin-film tech-
niques.

Another difference. But reducing
the a-d converter to one package
is not Ragen’s only claim to innova-
tion; the precision -ladder network
is being replaced by a self-cali-
brating logic circuit . which pro-
vides automatic compensation to
maintain the accuracy of the device
over a temperature range from
—55°C to +125°C. '

Essentially, the circuit consists
of high- and low-voltage com-
parators, a ramp generator, an
oscillator, and a counter. The com-
parators are set to voltages pro-
portional to the positive and nega-
tive inputs. Next a positive voltage
ramp is generated and applied to
the comparators. When the nega-
tive comparator switches, a 12-
stage binary ripple counter be-
gins counting pulses from the os-
cillator. When the positive com-
parator switches, the counter stops.
Thus the number of pulses counted
is a measure of the voltage, and
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NEW FLAT PAK DESIGN ONLY 0.1 THICK

Magnetic Flat Pak
Modulators,

Analog Multipliers,
Demodulators

mount directly on IC Cards

ACTUAL SIZES

» Hybrid assemblies mount directly on IC cards.

« Space saver design . . . typical dimensions 0.1” thick x 0.5” “TYPICAL FUNCTION PERFORMED

XD.B5 e SN : BY THESE COMPACT MODULES
* Rugged design, extreme reliability. MTBF design goal 0.25 .

per million hours.

s Extremely low drift over —55° to +125°C range. &K SJGNAL
» Not affected by high intensity nuclear radiation.
» Capable of operating on carrier frequencies as high as five INPUT ( MAGNETIC +Kd (= a+ b+c)
. Mhz. : g SIGNALS |~ 2~ | pcxDC
« One or more isolated or floating input S|gnals may be used ISOLATED { +=b— ANALOG — ANALOG
for modulating, multiplying, dividing, squaring or extracting AND ey MULTIPLYING PRODUCT
a root. . FLOATING |- MODULATOR OUTPUT
e No external nulling or offset adjustments. s (0 to 5V across

+ No additional components or compensation requir'ed.
« No external operational amplifiers required.
« Standard =+ 15 V DC power supplier unless otherwise speci-

Product accuracy: 4 o g

1% over temperature range —55°C to +125°C.

fied. .
Magnetic DC x DC Multiplier Squaring Square Root'
TYPE NUMBER IMM 1199-1 IMM 1210-1 IMM 1212-1 IMM 1214-1 '
Reference Carrier Voltage 10 V RMS 10 V RMS 5V RMS 5V RMS ... " ....‘
and Fr @ 1800 Hz @ 400 Hz @ 25 KHz @ 100KHz ° -
Input Control Signal Range 0 to ==1.5 0 to =300 0to=*=5VDC 0to =10V DC -.
ma DC ma DC ‘
DC Resistance of Input 8 K ohms 30 K ohms 10 K ohms min <5K
DC Signal Winding
AM Phase Reversing 0 to5 VRMS 0 to 5 VRMS 0to5VRMS 0to5VRMS
AC Output Range @ 1800 Hz @ 400 Hz @ 25 KHz @ 100 KHz .-.
Differential Gain 4 mv RMS/u 16.5 mvRMS/« 1VRMS/1VDC. 0.5VRMS
RMS mv. AC Output/ aDC aDC 1vDe '
ua DC Sig. Input
AC Output Null (Noise Level) RMS 12% f.s. 2% f.s. 0.5% f.s. 0 to 5 VRMS
S @ 100 KHz
Output Impedance < 50 ohms < 50 ohms .~ <50 ohms < 50 ohms Amplitude Modulation Balanced Modulator
External Load 10Kto 100K 10K to 100 K 10 K to 100 K 10 K'to 100 K
ohms ohms ohms
Excitation (Carrier 4 K ohms 25 K ohms 10 K ohms 1 K ohms
Winding)
Zero Point Drift over Témp. Range 0.25% f.s. 0.5% f.s. 0.5% f.s. 1% max
Referred to DC Input Terminals
Hysteresis in Percent of 0.2% f.s. 0.5% f.s. 05% f.s 0.5% f.s.
Max. Input DC Signal
% Harmonic Distortion 5% 10% <5% <5%
in Output Wave p
Temperature Range —55°C to —55°C to —55°C to. ~ —55°t0 - . . . . sye
+125°C +125°C +125°C +100°C There is No Substitute for Reliability
Fregqi y DC to 200 Hz DC to 100 Hz DC to 2.5 KHz DC to 10 KHz :
Overall Dimensions (ininches) 0.1x1.0x1.0 0.1x1.0x1.0 0.1x.75x.625 0.1x.75x .625 ch GENERAL MAGNETICS, lNC-
Type of Mounting Flat Pak Flat Pak Printed Circuit Printed Circuit H
P Terminals Terminals Flat Pak Flat Pak 135 Bloomf|e|d AVenUe,

Bloomfield, New Jersey 07003
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Almost-off-the-shelf
solid state frequency
changers for custom

applications.

Avtel Solid State Frequency Changers
are built from pre-assembled, pre-
tested modules. We offer 46 models in
our CR and TR Series with 31 standard
options in power ranges from 250 VA
to 50 KVA. Chances aré a million to
one that we have a model ready

to assemble that will meet your special
design requirements.

Our CR and TR Series feature:

e Uninterruptible power, optional on all
models.

® Four frequency ranges and 13 power
levels.

® |ess than 2% THD.
e Adjustable voltage/current.

e Regulation better than 1% from
combined effects of line load
and temperature.

e Efficiencies in excess of 85%.

e Compactness approaching 3 KVA
per cubic foot.

® High mean-time-between-failure.
e Low mean-time-to-repair.
e Most popular models in stock.

We also manufacture Inverters and
Uninterruptible Power Systems to one
million VA. Send for complete details.

4 9 AVTEL
/ CORPORATION

Division of Airtronics, Inc.

1130 East Cypress St. « Covina, California 91722
Phone (213) 331-0661 « TWX (910) 584-1311

56 Circle 56 on reader service card

U.S. Reports

appears as a binary number at the
output of the counter.

According to Albert Medwin,
general manager of Ragen Semi-
conductor, CMOS was chosen be-
cause of its high speed (higher
than p-channel MOS but lower than
bipolar devices) and low power
consumption. Initial specifications
call for a maximum power con-
sumption of 300 milliwatts, a 280-
kilohertz bit rate, and a-c or d-c
inputs with a swing of 7.5 volts.
Medwin says that the Air Force
is interested in a one-package a-d
converter because it would elim-
inate noise in getting data from a
transducer that might be located at
the tip of a wing, and at the same
time save weight.

As an example, Medwin points
out, the Boeing 747 has about 300
remote transducers. Their outputs
are transmitted along twisted-pair
lines to a central location, and be-
cause they might be on the order of
a few millivolts, they are very sus-
ceptible to noise. The a-d converter
requires only one signal wire and
uses a common lead as the other.
And the power supply leads don’t
have to be fed to each converter
from a central location; they can
be strung from unit to unit around
the plane.

Space electronics

Speed merchant

About 99% of the digital trans-
missions from spacecraft can be
handled with data rates of less
than 10 million bits per second,
says Robert Gottfried, assistant
laboratory manager in the Data
Systems Laboratories at the TRW
Systems Group’s Electronic Sys-
tems division. To handle that other
1%, an effort is under way there to
develop analog-to-digital convert-
ers that can handle at least 600 mil-
lion bits per second—and possibly
1 billion bits per second.

TRW officials expect to have a
brassboard—the step beyond a
breadboard—of the 600-megabit
encoder in about two months and
an engineering model by early next
year. Gottfried says the ultrahigh-

speed a-d converters will be
needed to digitize signals from a
video source having a very wide
bandwidth (30 megahertz) and to
digitize analog signals as soon as
possible onboard a spacecraft to
facilitate downstream data man-
agement before transmission to a
ground station. This could include
data compression, digital filtering
and digital transmission.

TRW officials foresee their a-d
converter being used to digitize
signals picked up by television
cameras in meteorological satellites
and earth resources satellites,
among other imaging systems.
Gottfried notes the availability of
high-speed logic has been a big
help in making these high-speed
a-d converters possible. “But we
need more than logic. The system
organization, types of devices used,
heat removal, and packaging all
have to be considered concurrently
to come up with an overall solu-
tion to the problems involved in
such high speeds,” he says. “At
these rates, the system layout be-
comes as much a building block as
the logic. The interconnections are
transmission lines, and we want to
minimize their lengths so that we
don’t get reflections.” One way
TRW engineers have chosen to sim-
plify interconnections and mini-
mize power requirements is to de-
sign their own LSI bipolar array
combining linear and digital cir-
cuitry, thereby mechanizing the
converter’s comparators, strobe
gates, fiip-flops, current source
switches, and current sources.

No waiting. The LSI design is
about ready to be made into hard-
ware at TRW Systems’ Microelec-
tronics Center. Gottfried says,
however, that the brassboard won’t
have to wait on the arrays; it will
be mechanized with high-speed
emitter-coupler logic (Motorola’s
MECL 3) and with such discrete
linear components as wideband 2-
gigahertz transistors, hot-carrier
diodes, and wideband transmission
line transformers with delays of
one nanosecond or less.

The 600-megabit encoder using
available ECL and discrete linear
devices has two sections, one fol-
lowing the other. The first, which
consists of comparators, flip-flops,
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“Radiation offers the circuit designer two orders of
magnitude improvement in hardening levels over
conventional PN junction devices. This is accom-
plished by dielectric isolation, thin-film resistors over
" -oxide, small-device geometries, shallow diffusions
and other special design techniques. So when you
pick the Best IC for a radiation environment appli-
cation, doesn’t it make sense to come to the leader
in hardened circuit technology?
Our line of defense consists of 930 series DTL, a~
level shifter, a line driver and a linear 709. These
are not prototype circuits. We can deliver Dual 4
Input; Dual 4 Input Power or Triple 3 Input Gates;
Clocked Flip-Flop;Dual 4 Input Buffer; Dual Level
Shifter; Dual Line Driver and 709 Operational Ampli-
fiers. With the exception of the Dual Level Shifter
and Dual Line Driver, all are plug-in replacements
for their non-hardened 930 Series and 709 counter-
parts. The Hardened Dual Line Driver is a pin-for-pin
replacement for Radiation’s standard RD 209 Line
Driver. -
Want ‘more information? Contact your nearest
Radiation Sales Representative. He'll give you com-
plete details and help you pick the Best IC for the Job.

W‘E MAKE TH€ EES\ \Q I;OR THE JOB ‘ ,
' ' o O RADIATION
INCORPRPORAT ED

SUBSIDIARY OF HARRIS-INTERTYPE CORPORATION
MICROELECTRONICS DIVISION

; RADIATION SALES OFFICES: P. 0. Box 476, Lexington, Mass. 02173, (617) 862-1055 « 800 OId Country Road, Garden City, N.Y. 11530, (516) 741.3730 « 2600 Virginia Ave. N.W., Washington, D.C. 20037. (202) 337-4914 « 8151 W. Century
* Bivd. Los Angeles, Calif. 90045, (213) 670-5432 « Saratoga, Calif., (408) 253-5058 e P. 0. Box 37, Melbourne, Fla. 32901, (305) 727-5430 « International Sales: Marketing Department, P. 0. Box 37, Melbourne, Fla. 32801, (305) 727-5412
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BLOCKS

for your system

Model  Frequency Small Quan.
No. (MHz) Price
4208 50-125 $250.00
4209 125-250 325.00
4210 250-500 400.00
4211 500-1000 475.00

Delivery: 30 days or less

10 milliwatts power output
e +(0.003% frequency stabil-
ity over —20°C to +65°C e
45-db spurious and harmonic
rejection ® no restriction on
load VSWR e 15 VDC at 30 to
65 mA e reverse-polarity pro-
tected e 3-mm female RF
connector ® 2.8 to 4.9 cu.in.
® 2.4 to 4.5 oz

Optional features: Greater frequency
stability ® wider temperature range
® higher power output ® frequency
trimmer e adjustable power
output ® greater reduction of
spurious and harmonic outputs.

Crystal-controlled microwave
sources up to 18 GHz

1Z)

ZETA LABORATORIES, INC.
616 National A , Mountain View, CA 94040
Telephone (415) 961-9050
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and d-a converters, determines the
three most significant bits of data
in the video signal. The d-a con-
verter processes the digital data for
acceptance by the linear compara-
tors in section number two. These
units determine the three least sig-
nificant bits in the video signal
and transfer them to flip-flops in
the second part of the second sec-
tion. The flip-flops in each section
store the bits of interest and trans-
fer them to a decoder and buffer,
which puts them into proper for-
mat to be swept out serially and
transmitted to the ground by pulse-
code modulation.

Cutback. But to get the 100 mil-
lion 6-bit samples per second re-
quired for the 600-megabit data
rate, two parts of both sections one
and two are interleaved; each has
seven channels. Gottfried says this
requires some 600 discrete linear
and conventional integrated circuit
parts, affording acceptable weight,
volume, and power consumption
levels for spacecraft applications.
But converting the encoder design
to LSI will reduce the parts count
to about 28 and cut power require-
ments by a factor of 10 to 15.

Gottfried calls the converter’s
organization a serial-parallel feed-
forward design. He describes this
as a hybrid combining all-parallel
encoder techniques with an all-
serial successive approximation
feed forward scheme. “Each func-
tion,” Gottfried says, “is literally
strobed into the next without inter-
posed logic and delays. It is a de-
sirable configuration from both the
standpoint of packaging and adapt-
ability to LSL”

Government

Harsha treatment

In mid-May, Rep. William H.
Harsha (R., Ohio) fired a broad-
side at the Army Electronics Com-
mand for its handling of a procure-
ment from Packard-Bell. At the
time [Electronics, May 26, p. 71]
a Harsha aide commented: “He
has excellent sources and can be
expected to periodically reveal
more information in this area.”

Now the Congressman has made -
his second assault on the Army
Electronics Command, this time
attacking a $75 million procure-
ment of which he estimated,
“conservatively, at least $30 mil-
lion was wasted.” The next day
he returned to the House floor and
spoke of going beyond his original
charges of “inordinate stupidity” or
“incredible indifference” by the
Army with more severe language
carrying a clearly implied threat
of prosecution of Army officials.
To say that the Congressman is
upset is an understatement. His
attack on the Army Electronics
Command represents a new de-
parture in the current flap over the
military and industry. According to
one of his aides: “He is an ex-
marine who is a strong advocate of
a strong defense posture. He is an
able prosecutor.” Harsha himself
states he has no truck with those
making a fuss over the military-
industrial complex; he has tied his

“attack to his feelings on free enter-

prise and concern that the military
is making itself an easy target for
critics who would weaken U.S.
defense posture.

Harsha is currently working on
stiff legislation that should be ready
by mid-June. His office confirms
the fact that the barrage has just
begun and that since the Army has
made no corrections Harsha will
continue to make periodic revela-
tions. Says one Harsha staff mem-
ber of the bill: “It will cut directly
to the heart of the whole military
procurement mess.” And of the
Congressman’s mood at this time,
“He sees this as deadly serious
business and he has a substantial
body of data with which to con-
tinue to make charges.”

Army replies. Specifically, the
first charges centered about a trans-
ponder test set (ANA/PM-123) pur-
chased from Packard-Bell. The
Army has worked up a rebuttal
stating that Harsha made three
invalid assumptions:

= The Army did not require “ur-
gent delivery” on the items.

= It had adequate data for com-
petitive procurement.

= The lowest bidder would have
been a qualified bidder.

In quick order the Army insists
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True to our tradition, we've got something great
to tell you about this month.
Raytheon now has an op amp that draws less power
than any other you can buy. Anywhere. It works
within specifications with supplies as low as
=3 volts. We call it the RM4132, and it’s sitting
on our distributors’ shelves, right now, waiting
for you to come and give it a home.
This graph plots power and current against supply
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; POWER SUPPLY VOLTAGE 0.1 flA/oC drift.
It has typical unity-gain_frequency response of
150 kHz. And small signal open loop gain is
94 dB minimum.

The RM4132 is internally frequency compensated.
It’s pin-for-pin compatible with the 709, 741,
107, 4131 and like that.

And the full military version costs only $30
for 100-999.

|9 I %

How do we do it?

" +— Y} | It'ssimple. This
= t—= | patent-pending
‘ E — | little current regu-
lator holds the

amplifier quiescent
current to 20 pA
3 from =3 to ==20
BAV V] volts, and never
shows more than ==10% current variation across our
whole —55 to +125°C temperature range. And
those little bitty batteries seem to last forever.

So immortalize your system with an RM4132 from
the company that’s getting the ideas and delivering
the goods. Raytheon Semiconductor, Mountain
View, California. (415) 968-9211.

Don’t let your system run down.

Our new RM 4132 microwatt

op amp keeps your

cells young
~{ and gctivg.
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U.S. Reports

the requirements were urgent, that
it did not have adequate procure-
ment data for a competitive buy,
and that competitive data was not
available.

Finally, the Army contends that
the equipment was required in
Southeast Asia. According to a
spokesman for the Army Electron-
ics Command, Harsha’s criticism
of the command for buying 85%
of its equipment on a noncompeti-
tive basis is being worked out.

Next case. The second blast cen-
ters around an Army program
started in 1962 to develop a secure
forward-area pulse-code-modula-
tion terminal identified as SCL-4357.
Harsha alleges the contract was
given to the fourth lowest bidder:
Raytheon (General Dynamics was
the lowest). He alleges that follow-
ons and associated contracts were
given to Raytheon over the years
on a noncompetitive, sole-source
basis and having finally totaled $75
million. Harsha says that after
“overwhelming pressure from the
electronics industry” the equip-
ment was finally opened to com-
petitive bidding on the first of last
month. Raytheon came in with a
bid for $4,130 after having sold
the set for as much as $13,800 and
as low as $8,000 per unit.

When the four bids were opened,
Raytheon was next to the highest
with Honeywell Tampa offering to
build the set for $3,092. Raytheon
lost, and Harsha charges the com-
pany with taking a “luxury ride
through the Army Electronics Com-
mand’s taxpayer-provided wonder-
ful wonderland.”

If nothing else, Harsha is having
little visible effect on the Pentagon.
A Pentagon spokesman, asked for
an official statement on the Ray-
theon allegations, said it wouldn’t
be ready for a week.

Government

Dissent

First reading of James D. O’Con-
nell’s dissent to the final report of
the President’s Task Force on Com-
munications Policy has communi-
cations equipment makers uptight.

Some, in fact, are furious, claiming
that O’Connell, director of the
White House Office of Telecommu-
nications Management, goes down
the line for Ma Bell, supporting
vertical integration in the industry
—for example, Western Electric’s
role as manufacturing arm for
AT&T—and discouraging competi-
tion. While most details of the Task
Force’s recommendations have
been published, the nature of the
O’Connell position has not been
known until now.

Some of the points of controversy
in O’Connell’s disagreement with
the Task Force recommendations
fall in these areas:

= On competition: “There are two
general themes which run through
most of the report,” the OTM direc-
tor notes. “The first is the need
for more competition; the second,
the need for greater innovation. I
have no disagreement whatever
with these objectives, but I disagree
with the philosophy that these are
ends in themselves. . . . It is one
conclusion of this dissent that all
proposals for increasing or decreas-
ing competition in this industry be
examined . . . in the light of past
history.” What does history show?
O’Connell says: “Adverse effects
upon the public interest during the
years of intense competition in the
telephone industry.”

=On innovation: “No case for
lack of innovation in telecommuni-
cations has been made in the Task
Force report.” In a separate appen-
dix, O’Connell lists telecommunica-
tions innovations to support his
case; virtually all are products of
the Bell system.

=On vertical integration: “Basic
issues in respect to vertical inte-
gration have not been clearly set
forth in the report. It is important
to recognize that the achievement
of reliable and economical service
involves research, development,
manufacturing, installation, and
maintenance. More extensive de-
velopment of separate manufactur-
ing capabilities appears justified
only to the extent that it would
inevitably result in significant im-
provements in service to all classes
of users. In this context it is not
an end in itself, nor are we able to
determine with confidence that the
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CMC — Counters = Pulse Generators = Time Delay Generators » Target Simulators

What kind of counter can you
expect to get for only $395?

Computer Measurements Company

Frequency Meter

model 905 [ ENENMINN

15-MHz IC Performance

5-Digit Readout

* 1-MHz Crystal Oscillator

e Measures only 372" x 5" x 7" deep
¢ Weighs only 312 pounds

COMPUTER MEASUREMENTS COMPANY

A Division of Pacific Industries

[[] Okay, I'll buy one. Tell your local Rep to deliver a Model 905 ASAP.
[J I'm from Missouri. Tell your Rep to bring one around and show me.

[J Keep a leash on your salesman until I've read the data sheet you're going
to send me.

[] Send me your Condensed Catalog and put my name on your mailing list.

Now, CMC offers you its new Model 905 for
35% less than you would pay for a compara-
ble instrument from the industry’s big gun
and 20% less than you would pay from that
other company that makes a big noise about
its little counters! Fact is, you can’t do better
anywhere, so why not order yours now? At

Name
least, insist on a demonstration and all the
facts. Just tear out the card and drop it in the Title
mail today. Comgany Name
Not interested in low-cost counters, but need a Address

standard one? Just flip the page.

City State Zip




MODEL 901

200-MHz in a new IC counter

MODEL 901 $2475

Gate times are 1 usec to 100 seconds in
decade steps. A special feature of the dis-
play control is a fast reset of 10 usec to
accommodate those requiring maximum
data gathering abilities.

Input sensitivity of the 901 is 10mV for
both A and B amplifiers.

The readout has nine decades with auto-

matically positioned decimal point, large

readout tube with units symbols, and an

overflow lamp.

Printer output in the form of BCD in the

1-2-4-8 code is a standard feature.

Remote programming of the entire front

panel controls, except trigger levels and

attenuators, is an optional feature.

Time Interval mode offers resolution to 10

nanoseconds, Gate output,useful indetermi-
nation of the amplifier trigger points in
the Time Interval mode, ‘is a standard fea-
ture of the 901.

CIRCLE NO. 101

Frequency Extender Plug-ins

MODEL 931 $825

Turret type, positive switching 100 MHz to
1.3 GHz Heterodyne Converter. Sensitivity
is 50 mV across its entire range.

MODEL 935 $875

Continuous tuning 100 MHz to 3.3 GHz
Heterodyne Converter. Sensitivity is 50 mV
across its entire range.

SERIES 700

High-performance in an economy line

MODEL 727 $1725.00

UNIVERSAL COUNTER-TIMER

Model 727 directly measures frequency
from 0 Hz to 50 MHz, single period from
1 usec to 108 seconds and time interval
from 0.3 usec to 108 sec, multiple period
multipliers of 1 to 107 in decade steps.
Oscillator stability *=3 parts in 107 per
month. Seven decade in-line readout.
Memory is standard.

CIRCLE NO. 102

MODEL 738/735 $1650.00

100-MHz DIRECT READING FREQUENCY
METER WITH 500-MHz PLUG-IN

Frequency from 10 Hz to 100 MHz measured
directly. Seven decade readout. Extends to
500 MHz in 50-MHz steps with Model 735
turret-type, positive-switching, heterodyne
converter provided free with the purchase
of the basic instrument.

CIRCLE NO. 103

MODEL 786 $1255.00
SOLID-STATE DUAL PRESET
COUNTER-CONTROLLER

Absolute accuracy, 100 mV sensitivity, 100
kHz recycling rate. Six decades with count
capacity to 999,999. ‘“Count’” and '‘Reset"
contact closures at rear panel for remote
operation.

CIRCLE NO. 104

SERIES 600

An all-silicon, solid-state line

MODEL 608 $740.00

Measures frequency and period, determines
frequency ratio and totalizes. Frequency,
period and frequency ratio measurement
ranges: 2 Hz to 15 MHz. Period average
and multiple ratio: 1, 10 and 100. In-line
long-life biquinary display. Five decades
are standard, a sixth is optional.

CIRCLE NO. 105

S R

MODEL 609 $1195.00

Measures frequency, period, multiple period
average, frequency ratio, time interval, and
totalizes. Frequency measurement range:
0 to 5 MHz. Period: 0 to 1 MHz. Multiple
period average measurement from 0 to 20
MHz, from 10° to 107 periods in decade
steps. 1 MHz crystal time base; stability
+2 parts in 107 per month. Six decade in-
line biquinary display, automatically posi-
tioned decimal point.

CIRCLE NO. 106

'F

- -

BUSINESS REPLY CARD

No postage stamp necessary if mailed in the United States

POSTAGE WILL BE PREPAID BY
COMPUTER MEASUREMENTS COMPANY
12970 BRADLEY AVENUE

SAN FERNANDO, CALIFORNIA 91342

FIRST CLASS
Permit No. 140
San Fernando,
Calif.

MODEL 614 $1300.00

Preset Multi-function Counter extends ap-
plications to normalizing and multiplication
by any preselected constant. Gate time
presets to any interval from 10 usec to
100 seconds. Gate time presets by remote
selection. Direct displays as mph, rpm,
ms, per N periods, etc. 614 also measures
frequency and period and totalizes. Fre-
quency range: 2 Hz to 2.5 MHz. Period and
frequency ratio ranges: 2 Hz to 500 kHz.
Preset count circuitry operates dependably
at frequencies through 300 kHz-up to three
times as fast as other variable gate time
counters. 100 kHz crystal time base; sta-
bility &= 2 parts in 10 per week. Standard
five decade in-line biquinary display (sixth
optional) with automaticaily positioned
decimal point.

CIRCLE NO. 107

MODEL 616 $1975.00

Model 616 provides low-cost direct fre-
quency measurement from 10 Hz to 225
MHz by means of a unique prescaler built
into the instrument. It can be rack-
mounted. All-silicon semiconductor cir-
cuitry assures dependable operation over
wide temperature ranges. 1 MHz crystal
time base; stability == 2 parts in 107 per
month. Seven decade in-line display is
standard — eighth decade optional. Stan-
dard automatic decimal and display storage.

CIRCLE NO. 108

MODEL 633 MODEL 631 MODEL 635

$300.00 $775.00 $825.00

Model 633, 1 usec resolution Time Interval
Plug-in with range from 1 usec to 10 sec.

Model 631, turret-type, positive switching
100 MHz to 1.3 GHz Heterodyne Converter,

Model 635, continuous tuning, 200 MHz to
3.3 GHz Heterodyne Converter.

For full product information, circle the
appropriate reader service number. For a
demonstration of any of these products
on your premises at your convenience,
call your local CMC representative or call
CMC direct.

COMPUTER MEASUREMENTS COMPANY

A Division of Pacific Industries

12970 Bradley Avenue

San Fernando, California 91342
Phone (213) 367-2161

TWX 910-496-1487

Printed in U.S.A. 125/HP469
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objective of improved service
would be achieved.”

Contrast. Particularly irritating to
industry sources is O’Connell’s con-
trast of the satellite communica-
tions with the telephone industries.

Of the first, he says: “A large
part of the aerospace industry has
been developed with major finan-
cial support of the Government,
where the market predominantly
consists of the Department of De-
fense and NASA, where the market
for commercial communications
satellites form only a small share
of total requirements, and where
present aerospace industry capac-
ity is more than amply sufficient
to provide for commercial needs.”
Conclusion: creation of new manu-
facturing facilities for space hard-
ware by Comsat or a new interna-
tional corporation is unjustifiable.

But in the case of Bell, he says,
“When one considers the past his-
tory of development to meet the
needs of the telephone industry,
it is clear that a major factor in the
success, rapid progress, and low
cost of telephone service in this
country has been due to vertical
integration, and the great improve-
ments in planning and economies
of scale which makes this possible.”

Says one telecommunications ex-
ecutive opposed to the O’Connell
views: “Thank God he’s going to
retire soon. I just hope his succes-
sor is able to clean house over
there”—a clear reference to the
former telephone company staffers
now in the OTM director’s shop.

Contracts

Salesmanship

Although it’s one of the Air Force’s
key advanced technology efforts,
the high-precision 621B tactical
navigation satellite program is
not moving as fast as it could.
The program’s manager, the Space
and Missile Systems Organization
(Samso) apparently still must sell
the program to Pentagon officials.

The going would be much easier
if the Air Force could show a clear,
critical need for the system. An in-
dustry source points out that the
Navy’s Transit satellite program
was sold on just such a basis, with
the admirals insisting the Transits
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Above is the original Russian spelling of Chebyshev, the
name of a nineteenth century mathematician to whom mod-
ern network theory owes a debt of gratitude. His well known
polynomials were published in “Oeuvres’” Vol. 1, St. Peters-
burg, 1899, for use in studying the construction of steam
engines. Obviously, he didn’t have wave filters in mind.

When Chebyshev Polynomials are applied to modern
filter synthesis they produce ladder networks with controlled
pass band ripple, and roll-off which is more rapid than that
produced by ‘‘classical”’ networks such as the image para-
meter “constant K.

The illustration below shows the improved sharpness at
cutoff and increased roll-off rate for a one section Chebyshev
Filter. Admittedly, this is a simplified example, but it pro-
vides an easily understandable comparison between ‘old’’
and “new’’ design methods.

When the use of more sophisticated tools such as elliptic
functions and Bessel Polynomials are added to the Cheby-
shev Polynomials, Modern Network Synthesis becomes a
powerful vehicle for the realization of today’s computer and
space oriented filtering problems.

ADC staff specialists are skilled in the art of Modern Net-
work Synthesis. The classicial, modern or computer approach
to network design is used as each may fit a particular appli-
cation. Facilities include those for design, prototype sam-
pling, testing, and production.

COMPARISON OF ONE SECTION CHEBYSHEV FILTER WITH CLASSICAL “CONSTANT K"
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If modern network theory and its application interests you, we'll be glad to send you
a copy of *‘General Approaches to Wave Fjlter Design''— no charge, no obligation.

ADC ADC PRODUCTS
ADIVISION OF MAGNETIC CONTROLS CO.
6405 CAMBRIDGE STREET = MINNEAPOLIS, MINN, 55426
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‘Who put 500KHz-1MHz
in a tiny T0-5 ‘
COLDWELD
CRYSTAL

PACKAGE?

(who else but BurLova!)

Who else could offer such a broad range of low frequency
output from a series of masterfully miniaturized packages? Now
Bulova produces a coldweld-enclosed crystal built to an even
tighter spec — in a smaller container — at a lower price!

In the TO-5 can, for example, with the frequency range of 500
KHz to 1 MHz, you get a tolerance of +.015% (from -55°C to

+ 105°C, or to specification), and aging is 1 x 107 per week (10° after
four weeks), after one week stabilization at 75°C. All this with a
coldweld seal to eliminate the problems from contamination and
frequency shift caused by solder flux and heat.

What’s more, Bulova supplies an entire line of high precision crystals
in a selection of packages. Virtually the entire frequency spectrum

is available, from 2 KHz to 140 MHz for oscillator and filter applications,
in every type of package: glass sealed, solder-seal, metal holders,
and, of course, coldweld.

For more data, call 212-335-6000, see EEM Section 2300, or write —

Buiova] BULOVA rrecuency controL propucTs

pr Electronics Division of Bulova Watch Company, Inc.
61-20 Woodside Ave., Woodside, N. Y. 11377 (212) 335-6000

Go Bulova, and leave the designing to us!
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were crucial to the success of the
Polaris fleet ballistic missile pro-
gram.

To establish the need, Samso
plans to award two study contracts
—each for less than $100,000. One
study will determine what avion-
ics could be eliminated from an air-
craft if 621B were operational. This
could certainly give the system’s
proponents some cost-benefit am-
munition since it’s apparent that
navigation functions handled in the
satellite would not have to be du-
plicated in the aircraft. For the
other contract, Samso will turn to
the requirements of its colleague,
the Navy, to find out how the navi-
gation satellites could improve air-
craft carrier operations.

Samso has already let two con-
tracts for antijam receivers, a cru-
cial hardware item in a military
navigation satellite system. TRW
and Hughes Aircraft got the awards
—about $175,000 each—but Hughes
called on Magnavox to build its
receiver. There’s not much differ-
ence in the receiver designs: the
main desire is to start getting test
data by the end of the year to help
the overall system provide the best
service.

Serious attempts at designing re-
ceivers probably won’t begin until
late 1970. And, Samso has budgeted
some $2 million in fiscal 1970 for
a demonstration program using air-
craft and an applications technol-
ogy satellite.

For the record

The Naval Air Systems Command
hopes to award a production con-
tract by the month’s end for micro-
miniature digital TACAN navigation
systems. Some 200 systems will be
ordered initially, according to the
Navy, followed by 500 systems in
each of the next five or six years—
a total of 1,000.

Three bidders are crossing their
fingers for the award—Hoffman
Electronics of El Monte, Calif,; ITT
Avionics of Nutley, N.J.; and Gen-
eral Dynamics Electronics of San
Diego. The front runner could be
Hoffman. Unlike its competitors,
the firm has already delivered pro-
duction models of its system and
has some 11,000 hours of flying
time on British military aircraft and
on aircraft in this country.
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Electrical Engineers:

At IBM Lexington, the blggest electronlé

challenges come in small packages

Like this solid logic circuit package, a key mem-
ory device in IBM’s new Composer. The Composer
electronically sets, justifies and corrects type for
printing. It was developed at IBM Lexington, Ken-
tucky, and is just one example of the electronic
challenges and opportunities you'll find here.

What you’d do

We have immediate openings for electrical en-
gineers with a B.S. or M.S. degree. If you qualify,
there are opportunities in several areas:

Semiconductors: You'd work with solid state semi-
conductor devices, optimizing their capabilities in
practical applications.

Design: You would be involved with logic design,
logic circuit design, analog and digital circuit de-
sign, and digital logic design.

Testing: You would test electronic and electro-
mechanical equipment—both manufactured prod-
ucts and the test equipment itself.

Grow with IBM

At IBM Lexington we produce a line of sophisti-
cated office products: electric typewriters, dictat-
ing equipment, printers. And the line is constantly
growing. In fact, we develop one major new prod-
uct at Lexington about every 18 months.

Progress like this has made IBM a leader in the
world’s fastest growing major industry—informa-
tion processing. Maybe your ideas can help solve
some of the problems we face in electronics, and
you can grow with us.

Write to us now

If you're interested, send your resume to Dave
Evans, IBM Corporation, Department CD 1062,
New Circle Road, Lexington, Kentucky 40507.

An Equal Opportunity Employer

























We’re out to brute force the power business.

Across the board: NPNs. PNPs. NPN/PNP
complementary pairs.

High voltage devices. Devices no one else
can make.

And second-source devices we can make
better than anyone else.

Every month you’ll see new power products.

Competitively priced. Available in volume,
off distributor shelves.

All on the preannounced schedule below.

To make a public announcement like this,
you’ve got to be either superconfident or crazy.

Crazy, we’re not.

The Great Fairchild Power Grab is on.

JULY AUGUST SEPTEMBER
. _PNP | NPN/PNP
NPN POWER COMPLEMENTARY COMPLEMENTARY
POWER wrrcuEs

OCTOBER NOVEMBER
HIGH VOLTAGE
TO-66/TO-3 PI.ASTIC POWER

THE
GREAT
FAIRCHILD
POWER
GRAB

FAIRCHILD SEMICONDUCTOR / A Division of Fairchild Camera and Instrument Corporation m 313 Fairchild Drive, Mountain View, California 94040, (415) 962-5011 m TWX: 910-379-6435
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HELIAX
ELLIPTICAL ¥}
WAVEGUIDE

twelve
ways

by eliminating planning and installation

» : ,-’/
complications of rigid waveguide . . . '\ .

P 903031 .
728*’&*'\2?

{

Yes, we have twelve sizes of
HELIAX® elliptical waveguide for the
microwave spectrum: 10 in stock, 2 more
soon. Coverage from 1.7 to 15.2 GHz.
‘ Andrew’s unique corrugated con-

/ . struction makes the difference.
Makes HELIAX copper
==, \Waveguide stronger,
i@ more flexible. Long
continuous lengths
, are easilyfitted 1o our layout. You save time
and money all down the line. Wouldn't you like
to know more? Communicate with Andrew.

¥ ANDREW

b
CONTACT THE NEAREST ANDREW OFFICE OR A%EREW CORPORATION, 10500 W. 153rd STREET, ORLAND PARK, ILLINOIS 60462

—

.




DIA now calls
the shots on
client hardware

Federal agencies
eye think tank

Space station
seen as joint
NASA-DOD effort...

.. .as NASA counts
on project as step
to Mars

Washington Newsletter

June 9, 1969

Suppliers of “spook shops” had better look to the Defense Intelligence
Agency, a Pentagon outfit, rather than the Central Intelligence Agency
for future determination and coordination of intelligence policy, as well
as money for electronics intelligence hardware. The National Security
Agency’s policy role—never great—is also being downgraded and its efforts
restricted to continuing its crypto/communications efforts, including cir-
cuit buys. The downgrading of CIA to the number-two spot stems from
recommendations made in an unreleased report by one of the Nixon task
forces established shortly after his election. Headed by the Itek Corp.’s
Franklin A. Lindsay, a cum laude alumnus of the intelligence plant, the
task force operated under cover of studying “reorganization of the execu-
tive branch.” Insiders report the then President-elect was disturbed by
the CIA’s strong influence on, and often faulty inputs to, his predecessors;
he wanted to shake up “the Company.” As a result, he bought the Lindsay
group’s recommendations. A secondary reason for not releasing the study
is that university specialists on the committee panicked at the link.

Federal regulatory agencies, having only limited R&D capabilities of
their own, are toying with the idea of setting up a joint think tank modeled
after the Rand Corp. Among those considering the idea are the FCC, the
FAA, and the Civil Aeronautics Board.

Already dubbed IRA, for Institute for Regulatory Agencies, it would
perform functions other than R&D, too. These would include serving as
a training center, as a computer custodian, and perhaps, as an impartial
council to render technical decisions for the agencies. Advocates of the
idea believe they could attract highly qualified people because such a
setup could bypass Civil Service salary limitations.

As envisioned, member agencies would derive benefits from IRA in
direct proportion to the amount of money they contribute.

NASA’s office of Manned Space Flight is going ahead with plans for a
National Space Station on the assumption that major elements in the
program will be joint ventures with the Pentagon. According to a high-
ranking space-agency official, the launch complex for the reusable vehi-
cles, which will support the station, and the vehicles themselves are now
considered NASA/Air Force undertakings. In addition, other parts of the
program will be candidates for joint funding. The Manned Space Flight
Office is also investigating inside sources of money for the mammoth
program. Says the same official: “Reusable craft could be sent on special
sorties to put satellites in orbit. If this proves feasible, we may be able to
get funds from the unmanned space people.”

While it won’t appear as a line item in the space budget for some years to
come, work on a manned Mars mission is already under way at NASA.
The agency is taking a building-block approach in developing the neces-
sary systems without publicly specifying the ultimate mission. There has
been a recent flurry of “trial balloons” from NASA on a manned Mars
program, but no attempt will be made now to gain official approval for
such a project. At this stage of development though, program approval
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Two vie for
OTM post

Blount hires Faught
as R&E consultant

Military contractors
shun public spotlight

76

Washington Newsletter

isn’t vital since NASA is going ahead with such elements as the Nerva
nuclear propulsion unit, the space station, and unmanned probes like
the Viking.

Industry proposals are due this month on space station studies, and
such a system represents a big step toward landing on Mars. While a
Mars mission isn’t being advertised as a reason for the station, this pros-
pect definitely figures in the plans of those working on the project. The
space station would enable NASA to develop and test, under zero gravity
for long time periods, the systems and apparatus needed for a manned
flight to Mars, including life support, human factors, nuclear power and
propulsion, and long-life electronics hardware.

Philco-Ford’s Charles C. Mack and Washington consultant Fred W.
Monris Jr. are being touted as leading candidates to succeed James D.
O’Connell as director of the White House Office of Telecommunications
Management. O’Connell is expected to retire this summer [see related
story on p. 60].

Mack, chief scientist for Philco’s Communications-Electronics division
in Willow Grove, Pa., appears to have more industry support than Morris,
a former associate chief of the OTM. '

The OTM was chartered for the purpose of advising the Executive
branch on communications policy, coordinating Federal efforts, and
directing frequency allocation.

Political bickering has blocked the appointment of the Nixon Adminis-
tration’s candidate for Assistant Postmaster General for Research and
Engineering. Harold Faught, an executive with Westinghouse in Pitts-
burgh, is Postmaster General Winton M. Blount’s choice for the job of
administering the Post Office’s $50 million-plus research budget. But
Senator Hugh Scott (R., Pa.), apparently miffed over Blount’s refusal to
clear Faught, a fellow Pennsylvanian, through him, is blocking the ap-
pointment.

Not to be outdone, Blount has taken on Faught as a $98-a-day consul-
tant and put him in charge of the Research and Engineering office. Con-
sultants don’t have to be approved by the Senate.

Contractors, hoping to keep out of the public eye in light of the current
uproar over the so-called military-industrial complex, were conspicuously
absent from last month’s Navy League meeting in Washington. Unlike
previous years when there were scores of hospitality suites, this year’s
meeting had but a handful. And more than one civilian attending the
session cringed in his seat when House Armed Services Committee
chairman L. Mendel Rivers (D., S.C.) unleashed a strongly worded attack
on critics of the defense establishment.

A further indication that contractors are laying low was suggested by
the last minute cancellation of a two-day symposium on the “Influence
of Microelectronics on Management Decisions,” sponsored jointly by the
Defense Department and the National Security Industrial Association.
NSIA scratched the meeting just one week before the May 27 opening
after only 56 registrants signed up. NSIA, conceding that the present
unpopularity of things military probably affected registration, says it
needed at least 400 attendees to get the program off the ground.
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2760 watts and 7" panel height?
Yes! With the Sorensen DCR Series
sgﬂooo

NOBATRON

DCRI50-15A

The multi-temperature rated DCR Series (115% I,*™ _~~ofthese models make them ideal for industrial or scienti-
30°C/100% I, @ 55°C/65% I, @ 71°C) contains eleven *ufic applications such as: life testing or production aging of
models which are available from stock in the 7” high / . “®emiconductor devices, forming electrolytic capacitors,
package utilized by model DCR 150-15A. They covery & gontrolled charging and discharging of batteries, pre-
the voltage ranges of 0-20, 40, 60, 80, 150 and 300Vdc atf cision electroplating and controlling magnetic devices.
currents to 144A; i
Features include: © =0.075% voltage regula-
tion and current regulation with automatic

pany, Sorensen Operation, Richards Ave-
crossover - optional overvoltage protec-
tion = compliance with MIL-1-26600 and

% Gt nue, Norwalk, Connecticut 06856.
: & e . Tel: 203-838-6571;
MIL-1-6181D 25,000 hour MTBF. s TWX: 710-468-2940; @
The versatile and proven performance 1Y, "’ " §TELEX: 96-5953

Circle 200 on Inquiry Card

For more information contact your local Sor-
ensen representative or; Raytheon Com-




TTL.
PDO.



RSVP: Your National distributor

Gates

DM800ON (SN7400N)  Quad 2-Input, NAND gate

DMB800IN (SN7401N)  Quad 2-Input, NAND gate (Open Collector)
DM8003N (SN7403N)  Quad 2-Input, NAND gate (Open Collector)
DM8010N (SN7410N)  Triple 3-Input, NAND gate

DM8020N (SN7420N)  Dual 4-Input, NAND gate

DM8030N (SN7430N)  Eight-Input, NAND gate

DM8040N (SN7440N)  Dual 4-Input, Buffer

DMB8050N (SN7450N)  Expandable Dual 2-Wide, 2-Input AND-OR-INVERT gate
DMB8051IN (SN7451N)  Dual 2-Wide, 2-Input AND-OR-INVERT gate
DM8053N (SN7453N) Expandable 4-Wide, 2-Input AND-OR-INVERT gate
DM8054N (SN7454N)  Four-Wide, 2-Input AND-OR-INVERT gate
DMB8060N (SN7460N)  Dual 4-Input expander

DMB8086N (SN7486N)  Quad Exclusive-OR-gate

Flip Flops

DM8501N (SN7473N)  Dual J-K MASTER-SLAVE flip flop
DMB8500N (SN7476N)  Dual J-K MASTER-SLAVE flip flop
DM8510N (SN7474N)  Dual D flip flop

Counters

DM8530N (SN7490N) Decade Counter
DM8532N (SN7492N)  Divide-by-twelve counter
DM8533N (SN7493N)  Four-bit binary counter
DM8560N (SN74192N) Up-down decade counter
DM8563N (SN74193N) Up-down binary counter
DM8520N Modulo-n divider

Decoders
DM8840N (SN7441N) BCD to decimal nixie driver
DM8842N (SN7442N)  BCD to decimal decoder

Shift Registers

DM8570N Eight-bit serial-in parallel-out shift register
DM8590N Eight-bit parallel-in serial-out shift register
Miscellaneous

DM8200N Four-bit comparator

DM8210N Eight channel digital switch

DM8220N Parity generator/checker

DM8820N Dual line receiver

DM8830N Dual line driver

DM8800H Dual TTL to MOS translator

DM8550N (SN7475N)  Quad latch

TTL devices for industrial applications. Stocked in depth—available immediately, through
National distributors. For our TTL Specification Guide and pricing, write or call National
Semiconductor, 2975 San Ysidro Way, Santa Clara, California 95051. (408) 245-4320.

TWX: 910-339-9240. Cables: NATSEMICON, NaﬁOIlal / TTL

P.S. We've got low power TTL too. Meets 883
mil standards; off-the-shelf availability.
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United Aircraft

produces...stocks...sells

semiconductordice

Some call 'em ‘‘chips,”’ some call 'em “‘dice,”” and others call 'em
“wafers’’—but if you make hybrid circuits...or communications
and microwave equipment...we've got the semiconductor devices
to fit most of your needs. For example:

Hybrid Applications

Small signal, P-N diodes, N-P diodes,
zener diodes, switching diodes,
tantalum nitride resistor networks,
silicon dioxide capacitors, TTL
integrated circuits. And for...

Microwave Applications

High frequency, medium-power
and high-power devices for
communication and microwave
stripline substrates.

In addition, we’ll be happy to provide schedules and methods for
the bonding, proper care and handling of these devices.

And we're ready to give you excellent service and fast delivery on
any quantity—from a few devices to several million a month!
Contact us for full details.

Electronic Ur

DIVISION OF

Components

TREVOSE, PENNSYLVANIA Tel. 215-355-5000 TWX: 510-667-1717
West Coast Office: 128 E. Katella Ave., Orange, Calif. (714) 639-4030

DESIGNERS AND PRODUCERS OF « RF AND MICROWAVE TRANSISTORS
e CUSTOM HYBRID CIRCUITS « MONOLITHIC INTEGRATED CIRCUITS
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-~ KEPCO'S LINEAR HIGH-
&i¥) POWER JGE REGULATORS

(28 well-behaved models)

KEPCO POWER SUPPLY

Typical
Full Rack

KERPCO POWER SUPPLY

A

A linear regulator offers many advantages
e Precision operational programmability
e Compatibility with digital control

e Readily set-up to control current

e A fast programming option
e
®
[

Typical
/2 Rack

Model S

QI

Very low ripple
No EMR interference
No switching, no SCR’s

DC OUTPUT DC OUTPUT
MODEL RANGE RACK | PRICE MODEL RANGE RACK | PRICE
vots | Awps | SIZE vours | amps | SUE

JOE 6-10M | 0-6 | 0-10| % | $289.00 JQE 36—-13M | 0-36 | 0-13 | % 625.00
JOE6-22M | 0-6 | 0-22 | % 520.00 JOQE36—25M | 0-36 | 0—25 | Full | 977.00
JQOE 6—45M 0-6 | 0-45 | % 625.00 JOE 55—2M 0-55 | 0-2 Y% 300.00
JOE 6—90M 0-6 | 0-90 | Full | 977.00 JQE 55-45M | 0-55 | 0-45| % 520.00
JQE 15-6M 0-15 | 0-6 Ya 289.00 JQE 55-9M 0-55 | 0-9 % 625.00
JOET5—-12M | 0-15 | 0—12 | % 520.00 JQE 55-18M | 0-55 | 0—18 | Full | 977.00
JQE15-25M | 0-15 | 0-25 | % 625.00 JQE 75—-15M | 0—75 | 0-15| % 300.00
JQE 15-50M | 0-15 | 0-50 | Full | 977.00 JQE 75-3M 0-75 | 0-3 T2 520.00
JOE 25—-4M 0-25 | 0-4 Y 289.00 JQE 75-6.5M | 0-75 | 0-65| % 625.00
JQE 25-9M 0-25 | 0-9 % 520.00 JQE 75-13M | 0-75 | 0-13 | Full | 977.00
JOE 25-18M | 0-25 | 0-18 | % 625.00 JQE 100-1M | 0-100 | 0-1 A 300.00
JQE 25-36M | 0-25 | 0—36 | Full | 977.00 JQE 100-2.5M| 0-100| 0-25| % 520.00
JOE 36-3M 0-36 | 0-3 Y 289.00 JQE 100-5M | 0—-100| 0-5 A 625.00
JQE 36-6M 0-36 | 0-6 Ya 520.00 JQE 100-10M | 0—-100| 0-10 | Full | 977.00

Typical
'/« Rack
Model

Kepco’s linear regulator controls voltage (or current) by closing a feed-
back loop around a fully dissipative power stage—driven by a high gain
integrated d-c amplifier.

The highly efficient heat-transfer abilities of Kepco’s linear power stage
obsoletes the complexities of conventional dissipation limiting schemes:
switching preregulators, SCR’s, resonant circuits, mechanical tracking;
and does away with their concomitant performance limitations: line
frequency restrictions, programming speed limits, radio frequency and
audio frequency radiation....

The Kepco linear regulator assumes the entire burden of dissipative reg-
ulation, relieving you of unwanted use-restrictions. Using modern mate-
rials and methods, the linear regulator is able to do its job in less space
(up to 30% smaller), lower cost (compare the prices), and higher opera-
ting temperatures (+71°C with no derating of any sort).

with KEPCO...IT°'S CONTROL!

For complete
specifications
write

Dept. V-14

KEPCO, INC. « 131-38 SANFORD AVENUE « FLUSHING, N.Y. 11352 « (212) 461-7000 « TWX #710-582-2631 « Cable: KEPCOPOWER NEWYORK
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S5 GE silicone prob

Invisible seal against moisture. Translu-
cent GE RTV-615 silicone rubber used on
this underwater connector assures clear
identification of terminals, and improved
dielectric strength under high voltage.
RTV has excellent electrical properties.

Beats heat and cold. Electrical heating
strip on pipes keeps temperatures con-
stant, indoors and out. GE silicone rubber
“jacket,” sealed with RTV, has high di-
electric strength, resists aging, corona,
from —65° to 600°F.

And 500 others
waiting in the wings.

i

Mold life doubled. New RTV-630 silicone
molds last twice as long as conventional
silicones in molding epoxy parts for elec-
tronic modules. Tear strength of 100 psi
(die B) makes “630” the toughest RTV
yet . .. without sacrificing flexibility.

R

;g R
Cheaper than gaskets. GE RTV-109 sili-
cone rubber seals plate assemblies of
food slicer to keep juices out. Non-toxic,
inert RTV-109 is applied easily, forms

permanent, moisture-proof bond. Contact
GE for FDA data on RTV-109.

lem solvers.

Durable marking labels made of GE sili-
cone rubber withstand temperature
extremes, aging, moisture, chemicals,
fire. RTV adhesive/ sealant keeps flexible
labels in place permanently on cable, in-
dustrial equipment.

?IM @ un
Sm.ICO
b BBE

Chances are you're wrestling with a design problem that could be
solved with a GE silicone.

But which GE silicone? We have over 500 varieties to choose from.
And thousands of success stories to back them up.

Let’s make a deal. You tell us what your problem is, and we'll help

you solve it.
Without fail.

Write to Section N6311, Silicone Products Department,
General Electric Company, Waterford, New York 12188.

GENERAL @3 ELECTRIC
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New tiny
product.

c?cd
¢
$

Old giant

illc_
guarantee.

Meet JR.

The world’s first
Guaranteed Forever
miniaturized power supply.

Five times smaller. 50%
better efficiency.

Competitively priced.
Write for complete catalog.
acdc electronics, inc.
2979 North Ontario St.,
Burbank, Calif. 91504.




Union Carbide / San Diego
proves again that great technology
breeds great products

MULT6
MOS IC MULTIPLEXER

The MULT6 (UC 6410) features exceptionally
low leakage (l4¢c = 200 pA), exceptionally
low capacitance (C . = 1.0 pf), high voltage
breakdowns (—40 V). 6 MOS P-Channel en-
hancement transistors on a single chip. The last
word in reliability for multiplexers, decommuta-
tion, logic, interfacing. Or use as a group of six
electrical switches for a variety of functions.

(For information circle 320)

MOS IC SHIFT REGISTER

The new MOS Dual 25 Bit Dynamic Shift Regis-
ter (UC7330) that solves your DTL and TTL
interface problems. The only FULLY BIPOLAR
COMPATIBLE shift register available today. In-
puts can be driven by DTL or TTL. Output can
drive DTL or TTL. Union Carbide's low threshold
P-Channel technology assures low voltage
power supplies (Vgq = —10V, Vgg = —16 V),
low power dissipation (typ. 0.4 mw/bit at 1 mHz).

(For information circle 322)

2

ROMIK
MOS IC READ ONLY MEMORY

The world’s best 1024-bit static MOS Read
Only Memory, the UC6500. Three dimensional
on-chip decoding. Four efficient word and bit
organizations. Static operation. Bipolar compat-
ible output. Low access time, less than 1.0 usec.
Full MIL operating temperature range, —55°C
to +125°C. Chip inhibit capability. Dip or flat
pack. And it's as fast as core, costs less than core,
uses less power than core, and is 50 times denser

than core.
(For information circle 321)

ALL FROM
UNION CARBIDE,
THE DISCOVERY COMPANY

Union Carbide’s Electronics Division is a total
supplier to the Electronics Community. For more
information on Semiconductors, IC's and Modu-
lar Operational Amplifiers (circle 323), Capaci-
tors (circle 324), Crystal Products (circle 325),
Laser Systems (circle 326), and Water Quality
Instruments (circle 327 ).

ELECTRONICS DIVISION LI
SEMICONDUCTOR DEPARTMENT Rgahiliids

P.O. Box 23017, 8888 Balboa Avenue, San Diego, California 92123
TWX: 910-335-1211. Tel.: (714) 279-4500.
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Couch 2X relays are true 1/7-size, yet the contacts are
as large or larger than many full and half-size crystal
can units. Couch 2X relays meet MIL-R-5757D/19 and
/30 specs in 1/25th of a cu. in. Design simplicity and
oversize contacts assure the ultimate in performance.
Each relay is fully tested. Ideal for missile and aero-
space switching applications or wherever reliability in
small space is of prime importance. Available in many
terminal styles and a wide choice of mountings. S. H.
Couch Division, ESB Incorporated, 3 Arlington St., North
Quincy, Mass. 02171.

Size
Weight

Coil Operating
Power

Coil Resistance
Temperature
Vibration
Shock

2X (DPDT)

0.2” x 0.4” x 0.5”
0.1 oz. max.
100 mw or 150 mw

60 to 4000 ohms
—65°C to 125°C
20G
75G

ENLARGED 16 TIMES

1X (SPDT)

same
same
70 mw or 100 mw

125 to 4000 ohms
same
same
same

[ol] -
Write for Data Sheets NO. 9 and NO 10 today. ACTUAL SIZE RUGGED ROTARY RELAYS %’ Dynamically and Statically Balanced

S. H. COUCH DIVISION | (zen) M

ESB INCORPORATED
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The complete BUSS line of fuses includes dual-
element “slow-blowing,” single-element “quick-
acting” and signal or visual indicating types . . .
in sizes from 1/500 amp. up—plus a companion
line of fuse clips, blocks and holders.

Only a representative listing is shown here of
the thousands of different types and sizes of fuses
and holders available from BUSS.

SMALL DIMENSION

BUss QUALITY FUSES and FUSEHOLDERS

FOR,THE PROTECTION OF ALL TYPES OF
ELECTRONIC & ELECTRICAL CIRCUITS & DEVICES

& &S

Buss AGX Fast  Buss AGC and MTH  Fusetron FNM Fibre
Acting Fuses Glass Tube Fuses Tube Fuses

&

Buss AGC Glass
Tube Fuses Fuses

7 ”

Fusetron MDL  Buss ABC Ceramic
Fuses Tube Fuses

Fuses and Holders

and HLT Holder

Fusetron FNA
Indicating Fuses

|

Buss Indicating  Buss Sub-miniature Tron Sub-miniature
Pigtail Fuses

/

Buss GMT Fuse Buss High Voltage

Fuses

LGS

Buss GJV Pigtail Buss SFE Standard Fusetron Type N
Fuses Fuses  Fuses and Holders

Buss In-the-Line

Buss In-the-Line or
Panel Mounted
Fuse/Holder

Buss HPC Holders Indicating Holders

Buss Space Saver

Buss HLD Visual Buss Signal Fuse
Indicating Holders Blocks  Tron Rectifier Fuses  Glass Tube Fuses

All standard items are easily obtained through
your BUSS distributor.

When special fuses, fuse clips, fuse blocks or
fuseholders are required, our staff of fuse engi-
neers is at your service to help in selecting or
designing the fuse or fuse mounting best suited
to your requirements.

For detailed information on the complete
BUSS line write for BUSS bulletin SFB.

Buss Screw or
Solder Terminal Buss Porcelain Base
Fuse Blocks Fuse Blocks

{

Silicon Rectifier Buss Indicating
Aircraft Fuses

Fusetron ACK Stud High Interrupting
Mounted Fuses Capacity Fuses

)
ST
Sy 7

@ (o
Q Buss Miniature

Buss Panel
Mounted Holders

& Buss

Buss Lamp

Holders

N/

BUSSMANN MFG. DIVISION, McGraw-Edison Co., ST. LOUIS, MO. 63107
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Whether you build
stacks or buy em...

we'll show you how
Westinghouse Gold-Line
rectifier assemblies yield
more power per dollar.

Send for the proof.

joo
i

After you've tried our assem-
blies, you'll ask yourself why
you bother to build.

Because Westinghouse
Gold-Line rectifier assemblies
give you simplified design and
standardization; fewer parts;
bonus output amps.

And you’ll save on inven-
tories, parts, labor, testing,
rejects and down-ratings.
What's more, we guarantee
the current rating of Gold-Line
rectifier pre-assembled pack-
ages. They’'re compact in de-

sign with a wide range of distinct
current and voltage ratings and
circuit configurations.

Let us analyze your real costs,
and prove that Westinghouse can
save you money. But first write
for our 54-300 catalog and our
54-021 price list. You'll see how
our stacks stack up. Then you’ll
try us. Write Westinghouse
Semiconductor Division,
Youngwood, Pa. 15697.

You can be sure...if it's

Westinghouse @




What this country
needsis agood
nickel cigar...

and a ’s square
industrial

cermet
trimmer.

‘;:.}’_*'.,n?»‘
i l‘i“t
- T
13 l‘nm“ ke
e '
* 1Y Beckman'

INSTRUMENTS, INC.

Helipot has the trimmer for $3.50 list... gt B
now available in local stock. FULLERTON, CALIFORNIA » 92634
(But you'll have to find the cigar.) T ANDS LONDON, MEXIEO CITYE MINICH: PARIE, STOGKHOLI, TaKYOL IENN
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June 9, 1969 | Highlights of this issue

Technical Articles

CAD, act two:
Admission price
exceeds forecasts
page 90

Simpler digital
circuits in a snap
page 105

Linearity corrector
does double duty
page 110

Renewing
old memories
page 114

===sz=: -~ Computer-aided design, though growing
up, has yet to come of age. Programing,
graphics, and modeling are among the
problems that must still be solved before
the computer’s potential—the synthesizing
and optimizing of designs—can be fully
realized. For all the difficulties involved
in mastering CAD technology and tech-
niques, a good deal of progress is being
recorded and users are nearing the point where they can
achieve quick solution of electronic problems. On the cover
is a computer-generated plot, representing the broadside
far-field radiation pattern of a uniformly illuminated, con-
tinuous circular aperture, produced at Norden. It affords
the designer a 3-D look at and hence control over the beam
width and side lobe level.

Charge-controlled switching diodes, long used by microwave
engineers in frequency-multiplier circuits, can also be applied
to advantage in digital configurations. They can, for example,
prove useful in simple circuits that perform such functions
as pulse sharpening, pulse delay, pulse-width conversion,
and impulse generation.

Compensating for the nonlinearities of vacuum tube circuits,
using temperature-dependent elements like diodes and bi-
polar transistors can be a tricky proposition. But by using
the output characteristic of a field effect transistor in a
relatively simple arrangement, the designer can provide the
necessary correction, as well as achieve temperature stability.

The tenth installment of Electronics’ series on memory tech-
nology covers four topics. Leading off is a discussion of how
delay lines, among the oldest forms of memory, are still
economically viable for applications in keyboard machines.
Next comes an analysis of the design freedom random-access
cores offer to engineers working on electronic calculators and
other small machines. In the number-three slot is a piece
on how exotic storage applications can revive technologies
left for dead. Last but not least, is a detailed look at the ways
the military ruggedizes memory systems to withstand severe
environments,

Pulse-code modulation’s
tower of Babel

Electronics | June 9, 1969

Coming

With the advent of communications satellites, pulse-code
modulation offers a practical and economical means of send-
ing voice, television, and data from one nation to another.
For information to be intelligible, however, systems must be
compatible. At this point, they’re not; Electronics is surveying
what’s being done around the world in this vital area.



Applications technology

omputer-aided design, aet two:
Admission price exceeds forecasts

Synthesizing and optimizing designs by computer are now attainable goals,
but even the enthusiasts are willing to concede that improvements in
programing, modeling, and graphics are required to reach them

By Joseph Mittleman

Senior associate editor

Computer-aided design has been something less
than a smash hit during its comparatively brief run.
Nonetheless, it’s showed enough star quality to
whet the electronics industry’s interest in what it
might do for an encore. Already, CAD, as it’s billed,
has played an active role in such diverse produc-
tions as electro-optical lenses, integrated circuits,
active filters, printed-circuit boards, large-scale ar-
rays, and microwave equipment. But for all the
ballyhoo and build-up, these have been bit parts.

Practitioners are beginning to appreciate the
magnitude of the obstacles in achieving the com-
puter’s promoted potential—the synthesizing and
optimization of design. Programing, modeling, and
graphics are among the inter-related problems
proving tougher to handle than enthusiasts first
thought to be the case. Moreover, the very fact that
CAD techniques are still more art than science,
coupled with the high costs of machine time and
the gross amounts of memory required, have pro-
duced a certain confusion and disillusionment. As
a result, users are by and large doing their own
thing with a lamentable lack of fruitful communica-
tion.

The expectation gap manifests itself in various
ways, some of which are self-defeating. “CAD is
just a tool to be used well or ineptly,” says Nathan
Sokal, president of Design Automation, at Lexing-
ton, Mass., consulting firm that, among other
things, develops computer models for its clients.
“Properly used, it can be a big help. Unfortunately,
however, there’s a tendency to compute rather than
think. I've seen machines used where an average
engineer could handle things by referring to a
schematic. There seems to be a general fascination

90

with electronic data processing, seven-decimal
printouts, graphics, and the like.”

Whether or not this is true in all cases, CAD has
clearly been puttering away at relatively unsophis-
ticated tasks. For example, existing circuits and
systems have been analyzed, parameter sensitivi-
ties studied, and component tolerances set with the
help of computers. Another application that’s be-
coming more common is review of simulated de-
signs before they’re released for production.

Circuit designers do have several general net-
work-analysis programs at their disposal. But
they’re letting processors optimize parameter
choices only in special cases. And while research-
ers would like to combine analysis routines with
mathematical programing techniques, they’re find-
ing that since the former are generally constrained
by speed, such methods are not suitable for the
repetitive steps used in design.

The thing of it is that communicating with a
computer is a tricky and demanding proposition;
the machines can only “think” straight and need
models to understand the problem. It’s true that
plenty of general-purpose CAD programs are now
available—ECAP, Sceptre, Circus, and Net-1, to
name a few. But general-purpose routines, users
are fast learning, are no cure-all. As a rule, such
programs have to be modified to meet special re-
quirements—a process that chews up inordinate
amounts of memory. Other beefs against the breed
center on the fact that they cannot be operated
repetitively while varying a particular parameter
for a given set of values. Moreover, such programs
run on only one machine, generally requiring ac-
cessory equipment; and more often than not,
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they're too large for medium-sized processors.
Finally, general-purpose programs are limited by
device models, and can’t easily be changed in re-
sponse to special circumstances.

“For analysis and modeling, we used Net-1 and
ECAP; we also have tried some filter and micro-
wave stripline design programs,” says Willard W.
McLeod, chief engineer at the Radar and Elec-
tronics Lab of Raytheon’s Missile Systems division.
“But there’s been no real interaction by the de-
signer with the computer. And there still isn’t.”
When this unit set goals for design automation, it
decided to pursue high payoff, labor-saving appli-
cations, rather than Ph.D. replacement. Most
programs are simply aimed at saving dog-work—
drafting is one example. “Not glamorous but very
effective,” says McLeod. The advantages are real-
ized in errors, rather than jobs, eliminated.

General-purpose programs are by no means a
washout; a number of companies have been using
them to good effect. David Lynn, manager of CAD
at Motorola, reports his company is using both gen-
eral-purpose and in-house programs for circuit de-
sign. Sceptre, a nonlinear transient analysis pro-
gram used in batch mode, is quite flexible, he says,

Electronics | June 9, 1969

Modification. Editing a printed-
circuit layout is handled by an
IBM engineer using a light pen.
Here, he is modifying one wire

in a group. Once satisfied with
the position of the wire, he closes
the pen switch, fixing it as a
permanent part of the group. A
new temporary wire becomes
available each time one is fixed
in place. This technique is used
to make engineering changes in
an established design or to
rapidly modify an existing design
before getting into production
cycle.

since it allows a variety of circuit models to be
used. However, Lynn points out, a user pays for
this flexibility in memory and modeling time.
Motorola also uses ECAP for a-c analysis. Lynn likes
ECAP because it can be used in a time-shared sys-
tem and affords modeling flexibility. But he notes,
while ECAP will handle such characteristics as con-
ductance and resistance that are constant and
linear, it won’t accommodate nonlinearities, for
which solutions are unknown and must be derived
numerically or graphically.

A number of companies, Motorola among them,
have developed a nonlinear transient analysis pro-
gram, called FINC (for fast integration of nonlinear
circuits). Also available is a program for nonlinear
d-c analysis. Both are on-line interactive routines
that can be used on time-sharing systems.

Availability is the biggest advantage enjoyed by
ECAP, Sceptre, and others of their ilk. CAD-minded
concerns didn’t have to spend time or money de-
veloping them. And though Sceptre consumes a
good deal of central processor time, it’s still a
cheaper proposition than do-it-yourself routines.

But cost is not necessarily a prime consideration
for companies trying to get ahead. Motorola’s semi-
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conductor division, for example, is working on a-c
optimization with an eye to such functions as band
width shaping on a linear bandpass amplifier, us-
ing gradient techniques. “We're not fully operative
yet with optimization,” Lynn says. “But it’s simpler
to take our own programs and use them as sub-
routines than it is to use general-purpose programs
in this way.

Activity report

One reason firms are now depending on their
own resources is that little in the way of CAD soft
ware has been developed since 1966. Such progress
as has been made falls into the refinement category.
Since Net-1 became available, for example, there
have been 18 sets of changes to its approximately
32,000 instructions, including a major overhaul to
the math. Familiarity, however has fostered some
gains, and Sceptre is being applied to new sets of
problems—among them systems simulations. ECAP
is also being used for block function simulation.

In the wings, however, is Net-2; it’s due by year’s
end. The man responsible for Net-1, Allan Malm-
berg, now with Braddock, Dunn, and McDonald in
El Paso, Tex., is developing it under contract from
the Army’s Harry Diamond Labs. Net-2 is ear-
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Character
generation

Graphic design. Cathode-ray tube displays the letter R
being designed as a font in an experimental IBM
character generator at Kingston, N.Y

Letters are written on the phosphor coating on the left
side of the screen with a light pen. Forcing functions
form the letter at the right side of the screen. Once

the forcing function sequence is established, a red mask
is generated, which when reduced photographically, is
used to make the integrated circuit for each character.
Integrated circuits are mounted on a printed-circuit board
and inserted in a character generator. There are 16 IC's
per board.

marked for use with IBM’s System 360 machines
and the Control Data Corp.’s 6600.

At this point it is believed that Net-2 will include
nonlinear d-c and transient analysis, frequency
analysis, flexible general-purpose modeling “of any-
thing that can be described by an equation,” statis-
tical analysis, Monte Carlo simulation, maxima-
minima search, and logic simulation using binary
numbers rather than voltages and currents.

In the meantime, DSI.-90 (digital simulation lan
guage as applied to the 1BM 7090 computer) has
been available for systems situations for some time.
Relatively new is CSMP (continual system modeling
program, for IBM’s System 360 and 1130 machines)
as is GPSS (general purpose system simulation)
The systems simulation programs probably get as
much of a workout as circuit simulation software.

Economics explain this as part of the status quo
in CAD. A major use of programs involves review
where there’s a finished design to check or emulate.
Integrated circuits are, however, an exception to
this rule. Since it’s impossible to breadboard a
monolithic assembly CAD enters the cycle at an
early stage and there’s pressure on engineers to
use simulation to help predict performance. But
the time when an engineer will sketch a circuit on

Electronics | June 9, 1969



Radar design. Norden’s computer program for a
phased-array radar antenna generates the data from
which this far-field pattern is plotted. Once the desired
pattern is established, the equipment can be built.

In this way the engineer can determine whether the

radar will work properly without having to build

it first. Thus, time and money are both used to advantage.

a tablet and get masks from the other end of the
computer is several years off. Such systems, though
they indicate the direction which computer-aided
design is moving, aren’t yet commercially or tech-
nologically feasible.

John B. Campbell, manager of the simulation
branch in Raytheon’s Missile Systems division,
summarizes the situation this way: “Time-shared
(general-purpose) programs are usually weak; they
fall apart or require runs so long that they’re un-
economical for work toward circuits of practical
size.” Thus, Raytheon tends to use more of what
could be called computational rather than design
aids. The rationale is that machines can help the
engineer by allowing him to increase the number
of exploratory designs before settling on one. How-
ever, no graphics, time sharing, or interaction are
involved. Commercial use of direct design pro-
grams is a long way down the road because of job
complexity, Campbell continues. “Although some
programs can design a simple RC circuit in sec-
onds, practical circuits, which may have hundreds
of R’s and C’s, run all too long.” And, the com-
pany has found in actual practice, when the search
method was tried (under computer control, varying
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each parameter in turn to optimize performance)
the process was slower and more costly than
designer’s intuition.

Stepping out

Along with a number of others, Motorola’s Lynn
believes the immediate trend in CAD is toward
further optimization. “We now use analytical pro-
grams in a cut-and-try way to iterate a design.
It’s like sitting in a lab and tweaking pots. With
optimization we might have 10 elements—all of
them varying at once and the machine doing the
tweaking.”

The first operating programs in this area will,
however, probably handle only parts of a circuit.
Designers will start with a specific configuration,
allow some subset of element values to vary, and
generate an optimized parameter. If they’re con-
cerned with, say, noise margins, they’ll wind up
with an optimized value though other parameters
may not be tops. Even within such limitations,
however, the technique will be several cuts above
wholly cut-and-try methods.

After the ability to optimize a single character-
istic is mastered, designers will go for two or more
at a time. Eventually, programs may permit the
computer to grow circuit elements. The machine
will be able to tell a designer he needs a capacitor
across a certain node if the gradient across the
node pair becomes large enough and the limits of
the gradient error have been programed into the
computer. But the consensus is there’s still plenty
to be done in analytical and optimization pro-
grams before the era of element growing arrives.

Moreover, there’s still a long way to go in an-
alytical programs for complex assemblies. In an-
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DEVICE DESIGN

KEY PUNCH CARDS / CODE LAYOUT

IC design. Steps for an integrated-circuit mask and system are characterized by Motorola’s
Semiconductor Products division as shown in this cartoon sequence.
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alyzing logic circuits, most designers are inter-
ested in one gate—or maybe two with the second
acting as a load on the first—and establishing d-c
characteristics and delay times. Once this has
been done, some attention can be paid to macro-
modeling for large arrays. Already, however, some
work is being done along these lines.

Charles Meyer, manager of integrated-circuit
modeling and diagnostics at Motorola, recognizes
three levels of circuit simulation. Basic is detailed
circuit analysis, in which the designer concerns
himself with effects such as parasitics. Second
comes analog simulation of arrays with complex-
ities up to 100 gates. Here, a designer is still
studying wave shapes but he can put enough of
them together to make a macromodel that is faith-
ful at the terminals, affording a waveshape sim-
ulation of the entire system. Finally, there’s
Boolean simulation in which a gate is allowed to
be a one or a zero and different delays can be speci-
fied for each element if the gate changes states.

Meyer uses company-generated programs and
his group is continually adding to its store, an-
ticipating further improvements, particularly fault
modeling—diagnosing which gate on a chip is
in the wrong. Meyer considers macromodeling a
useful tool and believes it can keep pace with
device sophistication. He’s especially optimistic
about its prospects of growing along with MOS
complexity because such devices are unilateral,
requiring less interconnection between gates than
bipolar circuits.

Going it alone

Raytheon’s McLeod reports his unit has recently
added a number of general-purpose programs like
Circus and Sceptre to its repertoire since getting a
bigger (Univac 1180) computer. “Each program
gets individualized because of the men who are
users,” he says. “Most of our in-house programs
aim at specific goals and hardware. An example
is MASD (machine aids to SAM-D). This is a scheme
whereby logic diagrams will be punched into the
processor. Ultimately all the interconnection, wir-
ing-bookkeeping will be done by machine.

When the program gets on line, the programer-
engineer will specify special logic arrangements;
MASD will come up with parent plates, cabling
schemes, logic-card layout, and gate arrangement.
Another area of interest is computer generation of
test routines, which are now being done manually.
It should, company officials believe, be possible
to generate the appropriate checks from the logic
diagram. Work is underway as part of RATS (Ray-
theon automatic test system).

But McLeod is less sanguine on the immediate
prospects in another key area. “Interactive design
of IC’s and LSI devices isn’t yet practical-too
costly—though it is coming,” he says. In Raytheon’s
LSI approach there are a small number of basic
chips which are applicable to nearly all circuit
types. They just have to be interconnected. This
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can easily be done using computer-stored wiring
rules. “In analog circuits however, there are many
impressaries and in such a field, characterized by
low volume and thick-film work, it will stay this
way,” says McLeod. “The payoff for graphics and
interactive programs here is even further away
than that for digital circuits.”

Aside from more practical analytical routines and
techniques and working optimization programs,
most sources agree what’s needed to improve com-
puter-aided design are simply better models—
particularly for nonlinear elements. Bipolar cir-
cuits models, for example, don’t yet include such
factors as high current effects, current crowding,
two-dimensional current flow in base regions, or
base-width modulation.

For the moment, however, a lot of users would
settle for better—or at least consistent—analytic
routines. “With numerical analysis (using general-
purpose programs), you often and unexpectedly get
either no answer or an inaccurate one,” says De-
sign Automation’s Sokal. Transient analysis can
present similar problems and then some. When
working with integrated sets of differential equa-
tions, the step size for integration must be small
to be accurate. If the steps are too big, the pro-
gram blows up. But there must be some stop time,
say, after 1 millisecond. If the program is using
1 nanosecond, time constants with steps shorter
than 1 nanosecond, this means large, possibly in-
finite amounts of machine time.”

Frequency analysis is plagued by numerical
inaccuracy though there’s no record of anyone’s
being bitten by infinite runs. Nonlinear anaysis
can also be troublesome. Where radical changes in
circuit performance—switching in particular—or
large assemblies are involved, there can be diffi-
culty in converging to a correct d-c solution.

Wanted: new rules

Researchers have separate but approximately
equal problems with CAD. Their big job is to de-
velop new computer algorithms that can be used
to design networks. What they’d appreciate is soft-
ware that allows network parameters to be varied
one at a time during a run to get the best design.
Given this, researchers would graphically feed
initial circuit data to the machine and simply de-
scribe the performance desired, along with the
constraints. The computer would then work over
the information and provide some sort of maxi-
mized performance output.

To do this, the computer must operate the same
way that an engineer would if he were doing the
work manually. The machine would examine the
data at several check points and allow the designer
to alter the performance specs or change the con-
straints. Once the details of the program are
worked out, the major requirement is speed. It is
not unsual for the computer to evaluate perform-
ance 100 times for each maximization. Ideally, the
designer wants machine time under a minute.



At present, programs for linear network analysis
do perform rapidly. The residual hand-up involves
which routines to combine to get a frequency re-
sponse. For example, should the designer go
after the critical frequencies of a network and
evaluate directly? Or, should he operate on the
defining equations and obtain the response at the
next frequency point by iterative techniques? The
latter would be based on an initial guess using
the response at the lower frequency point to pro-
vide an input for the next guess.

However, nonlinear networks have not as yet
proved susceptible of rapid performance evalua-
tion. Among the reasons are a lack of good circuit
models that clearly represent the nonlinear device;
quite often models are much too complicated to
describe to the computer. In addition, many time
steps are required in a numerical integration as a
result of high-frequency parasitics present in the
network. Ignoring these can increase the step
size, but it also results in instability of the algo-
rithm. Finally, large matrices have to be manipu-
lated at each integration—a time-consuming task.

Clearly, new algorithms for integration are re-
quired. These must provide stable operation for a
reasonable time step and reduce the matrix ma-
nipulations required. These latter are controlled
through techniques now being developed. The idea
is to take advantage of the zeros in a matrix to
cut down manipulation. The technique also, per-
mits matrix partitioning so a number of analyses
can be handled simultaneously.

For purely practical purposes, Raytheon’s
McLeod wants improved algorithms. “We need
them for better p-c board layouts,” he says. “Com-
puters can often come up with somewhat lower
parts densities than men can or force one to use
costly multilayer boards. Also the algorithms now
available do only about 80% of the work, leaving
the rest to the engineer.”

Getting the picture

Making all man-machine communications as
easy as possible rates high on any list of CAD
priorities. As a result, there are high hopes for
the application of graphics at both the input and
the output ends of the cycle. However, many en-
gineers believe that insufficient progress is being
made in this area. At the moment, only a few CAD
algorithms have graphics capabilities—despite no
technical bar to more widespread use.

One reason for the lag, however, is that graphics
require large memories, necessitating large ma-
chines. However, as better and more efficient pro-
grams are written, the processor size can be re-
duced. Moreover, there is no universal language
like Fortran for graphics so programs cannot be
conveniently exchanged.

Engineers would like to have present graphics
capabilities extended to include such exotica as
three-dimensional displays. Advances of this sort
would, of course, prove invaluable in the design
of integrated circuits and multilayered printed-
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circut boards since hidden lines could be observed
and necessary alterations made with minimum fuss.

For all the problems, more manufacturers than
ever are now relying on graphics for development
work on IC’s and printed-circiut boards. One is
Motorola. Lester Hazlett, manager of CAD graphics
at the company’s Semiconductor Products division
says, “The graphics terminal installed at the Mesa,
Ariz., plant is still a research tool. However, three
design groups have used it to make real circuits
to prove out the system.” Hazlett believes the
set-up is-now ready to be used as an on-line, inter-
active tool.

At the moment, Motorola’s graphics capability
includes a Control Data Corp. 1700 computer and
disk unit driving a Digigraphics cathode-ray tube.
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