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Computer-aided-design programs linear circuit analysis; CSMP is
can simplify your job, if you know handy for servos; and NASAP
what they are and where to find does transfer functions. To pick
them. Time-sharing services offer the right program and its source,
hundreds. ECAP is excellent for see the report starting on p. C8
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Application #2: cooling and blowing.

Globe won't make you “bend metal’
around an off-the-shelf design. You
won't be asked to repackage every
thing in your system—except the
blower —to make our job easier. Globe
will give the performance your system
needs.

The difference at Globe is how
blower and motor designers work to-
gether to match the elements of your
system. Globe designs AC, DC or DC
to AC at any voltage. If a new impeller

design is the answer we'll begin deliv-
ery within eight weeks

Behind every Globe blower is a
Globe motor already tooled and tested
Globe has been making motors longer
than other blower people have been
in business. Until you call in Globe,
don't lock yourself into a solution.

TRW Globe solves problems in mo-
tion. Any kind of motion: intermittent
or continuous, rotary or linear, air or
liquid or mechanical linkage. If you
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have a problem in motion, let Globe's
system engineers make your job
easier. Contact TRW Globe Industries
Div.of TRW Inc., 2275 Stanley Avenue,
Dayton, Ohio 45404 Phone: (513)
228-3171

TRW
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HP’s new 1100 V, 110 kHz
calibrator keeps it from happening.

Let’'s face it, anybody that works with over 1000 volts
learns to keep one hand in his pocket.

But, while it will always be primarily your responsi-
bility when working with high voltage to protect yourself
—it isn’t your responsibility alone.

When Hewlett-Packard engineers developed the HP
746A High Voltage Amplifier for the HP 745A calibrator
they had three definite goals in mind:

1. Give you the capability to calibrate to 1100 volts
at 110 kHz.

2. Do it for a reasonable price.

3. Make it the safest piece of high voltage equip-
ment available.

How well did they succeed? Well, the 745/746 cali-
bration system provides outputs from as low as 0.100000
mV in 1 nV steps to as high as 1099.999 V in 1 mV steps.
You get 7 voltage ranges, all with 6-digit adjustability.
Frequency is from 10 Hz to 110 kHz in four overlapping
decade ranges. You get direct error measuring capa-
bility plus the accuracy and stability you expect from an
HP working standard.

Price? $6500 for the whole system. Or, if you already
have an HP 745A add the 746A for just $2000.

Safety? It starts by lighting the red lightning bolt
(international symbol for high voltage) whenever the
1100 V outout is present. An overload causes the output
to be automatically removed. Two sequential steps are
required to obtain the high voltage output. These and
many more safety features make the HP 746 the safest
piece of high voltage equipment available today!

But the best way to convince yourself is to get the
complete information on this complete calibration sys-
tem. For more information, call your local HP field

engineer. Or, write to Hewlett-Packard, Palo Alto, Cali-
fornia 94304. Europe: 1217 Meyrin-Geneva, Switzerland.

099/24

HEWLETT jhp; PACKARD

WORKING STANDARDS
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Hardly a lab or production test line is without a Datapulse 101 or 110B pulse generator. If
you select pulse generators you should know why:

Thousands of users have discovered that the compact 101 delivers unusually high
performance for only $395. And they recognize that years from now, the 101’'s specs will still
be a match for most pulse test needs: rep rates to 10 MHz, 5 ns rise, simultaneous =10V
outputs, width and delays to 10 ms, double pulses, and sync/async gating.

But when you want to tailor waveshapes to order, you need the unequalled control
offered by the 110B: rep rates to 50 MHz, variable linear rise and fall from 4 ns to 500 gs, full
baseline offset, 10 ns to 5 ms width, —10 ns to +50 ms delay, simultaneous *10v
outputs, complement capability, paired pulses, and gated bursts. It all means that the 110B
can simulate just about any pulse or waveform that can occur in circuits operating to 50
MHz. And it sells for a modest $1250.

And talk about reliability! Just ask one of the thousands of 101 and 110B users. Then ask
us for a demonstration. Write Datapulse Division, Systron-Donner Corporation, 10150
W. Jefferson Blvd., Culver City, California 90230. (213) 836-6100.

Meet the general-purpose pulsers
you're most likely to see at work

REPETITION RATE

DATAPULSE

1108 PULBE GENERATOR

Still first.
Two of 144

Systron-Donner
L4
instruments
Electronic counters Digital voltmeters
Pulse generators Digital panel meters
DATAPULSE Microwave frequency Microwave signal
. PIEEVETeS T N indicators generators
7 Digital clocks Laboratory magnets
SYSTRON DONNER i Memory testers Data acquisition
f: . Er Analog computers systems

Time code generators Microwave test sets
Data generators
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We'll go to any length
to get into your memory

National’s capable of going a long way (or short)
to get the right MOS shift registers into your
memory. The applications are unlimited.

For starters, you get a variety of bit lengths
from our standard line, available immediately.
Your National distributor’s got them on the
shelf and waiting.

If you can’t find the register length your
application requires, give us a call. We’ll
program your register length into our standard
process. We've been making MOS so long, our
memory’s capable of anything.

ELECTRONIC DESIGN 23, November 8, 1969



Hows that register?

DYNAMIC
Dual-25 MM400 —552C ol -1252C
MM401 —55°C to 4+ 125°C (Internal 20K pull-up resistor)
MM500 —25°C to +70°C
MM501 —25°C to 4+70°C (Internal 20K pull-up resistor)
Dual-50 MM402 —552Cito +125°C
MM403 —55°C to 4125°C (Internal 20K pull-up resistor)
MMS502 —25°C to -+ 70°C
MM503 —25°C to 4+70°C (Internal 20K pull-up resistor)
Dual-100 MM406 —55°Cto +125°C
MM407 —55°C to +125°C (Internal 20K pull-up resistor)
MM506 —25°C to 470°C
MM507 —25°C to +70°C (Internal 20K pull-up resistor)
Dual-64 MM410  —55°C to +125°C
Accumulator MM510 —25°C to +70°C
Triple-60 +4 MM415 —55°C to +125°C
Accumulator MM515 —25°C to +70°C
STATIC
Dual-16 MM404 —55°Cto +125°C
MM504  —25°C to +70°C
Dual-32 MM405  —55°C to +125°C
MM505  —25°C to +70°C
8-bit MM408 —55°C to +125°C
Serial to Parallel MM508 —25°%C to --702C
8-bit MM409  —55°C to +125°C
Parallel to Serial MM509 —25°C to +70°C
Dual-32 MM419 —55°C to 4125°C
Split clock MM519 —25°C to +70°C

Write or call National Semiconductor, 2975 San Ysidro Way, Santa Clara, California 95051.

(408) 245-4320.TWX: 910-339-9240 Cables: NATSEMICON o l MOS
National /
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Meanwhile, back on earth.
Arrow-Hart scores a
breakthrough in lighted push-
button switches. Snap-on
contact blocks make up to
4-pole double throw
form Z switches. 31 stock
components = 25,344 different
variations. Six colored
lenses in three shapes. Is your
imagination beginning to run
away with you? Write or wire
for folder. We call all this
Adapt-a-Switch. You'll
call it ingenious.

ARROW-HART, INC.
HARTFORD, CONN.




Your RF designs
can get you

~ whene the priceloss ingredient & eane!

from here

To get them “THERE,” more than one
hundred RF types are standards at Motorola
and total capability is best suggested by the
hundreds of additional special types supplied.

*“THERE” can mean the moon or beyond if
such is your requirement. Motorola RF
transistors have operated in equipment on the
surface of the moon and they have journeyed
to Mars. “THERE” can be nearly anywhere,
terrestrial or extraterrestrial, you want your
designs to go if your RF transistors are from
here, from Motorola.

RF Power transistors from 100 mW to

100 W at frequencies from 2 MHz to 2 GHz

also included the first commercially available

VHF PNP high-power types. Many are

BET'! transistors with the reliability,

lower lead inductance, and greater safe

operating area from balanced emitters with
deposited discrete Nichrome resistors.

Low noise and other small-signal amplifiers
include JAN, JAN-TX and other Hi-Rel types.
UHF and Microwave Oscillators are available,
too.

For a brochure giving key specifications on
preferred standard types write to Technical
Information Center, Motorola Semiconductor
Products Inc., P.O. Box 20912, Phoenix, Arizona
85036.

t Trademark of Motorola Inc.

MOTOROLA

Silicon RF Transistors
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JFD COMPONENTS — A g

L] L4l | ]

RELIABILITY PROVEN IN DEEP SPACE

MINUTEMAN

JFD continues to earn its reputation as
a leading state-of-the-art discrete
components manufacturer. OEM manu-
facturers — Military, Space and Com-
mercial — display their confidence by
specifying JFD for miniaturized fixed
and variable capacitors, LC networks
and tuners.

JFD components have helped make pos-
sible such sophisticated systems as —
Minuteman, guidance and control (Auto-
netics Division North American Rock-
well Corp.) — Apollo Command Module
S-band transponder and Up Data Link
and Lunar Module S-band transceiver
(Motorola Inc.) — Pioneer, deep space
data probe (TRW Inc.). These are only a
few of JFD’s more dramatic application
credits.

JFD will continue to innovate and set
higher industry standards of quality and
reliability essential to ‘Space Age’ cir-
Cuitry.

Use the coupon at the right to learn
more about JFD components.

PIONEER

-
.' l’ I. SUBSIDIARY OF RIKER-MAXSON CORPORATION
JFD ELECTRONICS CORP. / COMPONENTS DIVISION
15th Avenue at 62nd Street e Brooklyn, N.Y. 11219/ Phone 212-331-1000 e TWX 710-584-2462

PLEASE SEND ME THE LATEST DATA ON THE FOLLOWING COMPONENTS LINES:

W PISTON TRIMMER & TUNING CAPACITORS

I MVM/VAM AIR VARIABLE CAPACITORS

I CERAMIC VARIABLE DISC AND MICROMINIATURE CAPACITORS
I STANGARD ‘LOW-COST' FIXED & VARIABLE CAPACITORS

M UNICERAM — SUBMINIATURE & MICROMINIATURE HI Q AND HI K FIXED CERAMIC CAPACITOR
I COMPACTUNER-MODULAR MULTIGANG TUNERS

I MINIATURE LC TUNERS

M MICROMINIATURE MTLC TUNERS

I MINIATURE TANK CIRCUITS

M METALIZED INDUCTORS

M METAL FILM & WIREWOUND RESISTORS

W LADDER NETWORKS

NAME TITLE
COMPANY

ADDRESS
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Let TI's special HI-REL Task Force
take you through the turbulent
sometlmes uncharted

universe of MIL-STD-883.

We’ll keep you on course.

Others have called 883 a lot of con-
fusion, a mixed bag, and even
“unprintable words.”

But we have tried to keep our
mouth shut, our shoulder to the
centrifuge, and our nose to the
stress levels.

While our best minds solved the
problems.

Quietly, TI has committed itself
to 883. Money, manpower and
facilities.

And we’re ready to deliver “in
accordance to MIL-STD-883.”

In fact, we’ve been delivering
100% tested ICs for years. Mil-
lions of them for Minuteman,
Sprint, Poseidon, F-111 and other
programs.

And some of these had even
tighter requirements than 883!

From this experience, TI has or-
ganized special HI-REL Task
Forces to help you meet 883. A
special Task Force has been cre-
ated for DTL, another for linear,
and the one pictured here for
110 1 ) (B8

Its members are some of TI’s top

managers in the areas of reliability
engineering, process engineering,
product sales, military marketing,
product planning, product engi-
neering, quality control engineer-
ing, manufacturing and HI-REL
assembly.

They’re specialists in Series 54
and 54H TTL ICs, now available
from TI in both flat pack and ce-
ramic dual-in-line packages...
standardized for 883 Classes A, B
and C.

The Task Force’s assignment
starts with your problem: deter-
mining the specific test procedures
and levels you’ll need to satisfy
883 requirements.

Once the most practicable test
plan has been devised, the Task
Force sees it through. Thousands
of TI personnel in many depart-
ments may be involved in your
program, but the Task Force is
responsible for its success.

Task Force members can cross
departmental boundaries, step on
toes and crack bottle necks, if need
be, to keep your program on target.

Scout’s honor.

In addition, you have the indus-
try’s best test facilities going for
you at TI...from more than 50,000
burn-in sockets to environmental
shake, rattle and roll labs, to IR
scanners, microprobes, Radiflo and
variable data loggers.

One thing more.

TI has pre-
pared a compre-
hensive 40-page
procurement
specification in-
corporating MIL-
STD-883 — sup-
plemented by 100 pages of detailed
product specifications. From your
first source for TTL ICs.

Use it to plot your course, and
TI’s HI-REL Task Force will keep
you on it. Scout’s honor.

Write for “MACH IV High Re-
liability Procurement Specifica-
tion MIL-STD-883.” Texas Instru-
ments Incorporated, PO Box 5012,

MS 308, Dallas, Texas o
75222. Or just circle ﬁ
reader service number

107.

TEXAS INSTRUMENTS
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Reliability is staggered steps
and a hunk of DAR.




Expect over a billion operations.

Our Class W wire-spring relay is different. In fact,
there’s nothing like it in the entire industry.
Where else can you find a relay with lots of con-
tacts and a mechanical life of more than a billion
operations! That’s about two and a half times the
life of the best conventional relay around.

Another nice thing about our Class W is that it
takes up a lot less space and costs less than using
a bunch of other relays. That’s because we build
our Class W relay with one, two or three levels
of contact assemblies, with 17 form C combina-
tions per level. By the way, they’re available with
gold contacts for low-level switching.

Making it tough on creepage.

All those staggered steps you see on the side were
put in to raise the breakdown voltage between
terminals. These molded steps add extra creepage
distance between the terminals. This really counts
for high voltage testing, or when using our Class W
in unfavorable ambient conditions.

These steps, and all the molding
compound used for insulating

diallyl phthalate. (They call it DAP for short.)
It has great insulating properties and it wears like
iron. Even if the humidity is high, you have
excellent protection.

Redundancy—two springs are better than one.

Each of our long wire-spring contacts has an
independent twin with the same function. One
tiny particle of dust could prevent contact on
other relays. Not with our Class W. You can be
sure one of the twins will function. That’s back-up
reliability.

The twin contacts are twisted together at the
terminal end. Then we give them a spanking (you
might call it swedging) to provide solderless wrap.

We’re for
independence.

Our springs are longer,’
because the longer the
spring, the more independent
they get. And the better contact
they make. Don’t forget, the wire-"%.
spring relay is the most reliable way to get'a pe
sive make or break contact. You can rely on it.

The middle contact springs have to be sta-
tionary. To make sure they stay that way forever,
we actually mold them between two thick pieces
of DAP on both ends. Just try to move one.

When we say flat, it’s flat.

Each frame, banged out by a gigantic machine
is extra thick and extra flat.Then they’re planished.
Planishing is another step we go through in form-
ing the frame to add strength and stability by
relieving surface strain. '

We’ve made our spring-loaded pile-up clamp
extra thick, too. Once it’s tightened down, the
whole pile-up is nice and tight, and stays tight.

. There’s more.

We could tell you a lot more about our Class W
relays. Like how the tough high-temp molded

cover protects against dust and has
molded ribs to keep the spring con-
tacts in place. Or how this relay
with 51 circuit transfers is so sen-
sitive it requires only four to six
watts of operating power.

But why don’t you let us prove how much relia-
bility we put into our Class W? We’ll be waiting to
hear from you. Industrial Sales Division, Auto-
matic Electric Company, Northlake, Ill. 60164.

AUTOMATIC ELECTRIC

GENERAL TELEPHONE & ELECTRONICS
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New S. S. White system
trims microelectronic hybrid resistors
at 1,000 per hour...or more

IF you’re into hybrid circuitry in
Y y )

a big way, or hope to be, our Model
AT-701AR may be just what you
need. It offers high capacity, accu-
rate trims, high yield — or, just
what you need to keep your custom-
ers and your comptroller happy.
Model AT-701AR issimilar to our
highly successful Model AT-701A,
but with the addition of a rotary
feeding system which lets operator
load and unload substrates during

the machine’s trimming cycle. Ca-

pacity is limited only by the man-

Model AT-701AR

ual dexterity of your operator.

Accuracy of the AT-701AR is
guaranteed — within 0.5%. 0.1%
is attainable with care and some
sacrifice of speed. Trimming is
monitored by a precision system
of electronics featuring a four-wire
Kelvin bridge, and tolerances may
be programmed from = 0.1%
through == 11%. (No use making
them better than the specs require!)

But suppose the Model AT-
701AR is too big or too small for
you?

Call us anyway. If you can get
by with something like 600 accu-
rate trims an hour, we can offer
you our Model AT-701A, to which
you can add the turntable feature
later. If you’re still experimenting,
we have Model LAT-100 for bread-
boarding. It is accurate to 1% bet-
ter, takes substrates up to 4 x 4
inches and sells for only $5,950.
[f you’re really big, there’s the
Model AT-704A. a rotary-feed

INFORMATION RETRIEVAL NUMBER 8

machine that trims four resistors
simultaneously, monitors, and in-
spects them at the breathtaking rate
of 4,000 per hour. And if that’s not
fast enough for you, buy two.

All the S. S. White resistor trim-
ming systems are based on the
proven Airbrasive® method of
removing resistance material which
produces neither heat nor shock,
does not alter the substrate.

Call 212-661-3320 to arrange for
a live demonstration. Speak to Hal
Skurnick or Don Davis. These same
gentlemen will be demonstrating
the Model AT-701AR and the
Model LAT-100 atmajor electronics
trade shows around the country,
and if that’s not quick enough for
you, we will arrange for you to visit
our factory. We have also prepared
an extensive technical bulletin on
this equipment, called, rather cryp-
tically, the “RT-14”, a copy of

Perawsr
= 5.5 WHITE

RT-14

Write to S. S. White Division,
Pennwalt Corporation, Dept. 28,
201 East 42nd Street, N.Y., N.Y.
Tel.: 212-661-3320

[SENNWALT

= 5.5.WHITE

INDUSTRIAL PRODUCTS
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Two new lines of Picoreed®relays give you a wider choice in
sensitivity, contact configurations and space-saving size. For
example, note the new low profile of Types PRA and PRB—
allows .375" pcb mounting centers. And note the new high sensi-
tivity of Types PRAH and PRBH.

Both lines available in one to five Form A contacts with traditional
Clare reliability. 100,000,000 operations at signal levels. 5 volt
(must-operate 3.75v), compatible with standard 5 v DTL and
TTL logic families. 6, 12 and 24 volt standard relays also available.

For information, circle Reader Service number, or write for Data
Sheet 971A. C. P. Clare & Co., Chicago, lllinois 60645...and

worldwide.
High Sensitivity
Low Profile
Type PRAH
Type PRA i yP s
e e
Type PRB Type PRBH

Types PRA/PRB— | Types PRAH/PRBH—
Electrical and Low Profile High Sensitivity
h Dimensional Characteristics EormiA" | FormBAT- EormTA. | -FormiBA
2 ’ Operate time, including bounce 500 us 600 us 600 us 900 us
Average nominal power for 5 volt units 65 mw 250 mw 46 mw 140 mw
Pcb mounting centers 375" 375" .500"" .500""
Length 781 .800 .800 .800
Width* .250 675 400 .800
Height .187 225 .350 .350

*Widths vary according to number of switches. One through 5 available.

CLARE ON THE RELAY

®

LOOK FOR

a GENERAL INSTRUMENT company




Abbott Power Supplies on this Test Sled
Have Been Subjected to 30 G’s Vibration

Air Force personnel tested three Abbott model* power supplies used to
- power electronic equipment on the Air Force Rocket Sled at Holloman Air
Force Base. Test conditions consisted of 12 minute sweeps of 30-G’s peak
sine vibration from 40 cps to 1500 cps, on each of three axis. Throughout
these tests the Abbott power supplies operated within specifications.

All Abbott Power Supplies are her-
metically sealed and encapsulated in
heavy steel containers to meet the
tough environments of the space age
(MIL-E-5272C) with temperature
extremes up to 100°C and condi-
tions of altitude, vibration, shock,
sand, dust, humidity, salt spray, fun-
gus, sunshine, rain, and explosion.
Under these conditions the power
supply must operate normally.
Abbott power modules use only the
highest quality semiconductors and
MIL-T-27B transformers in their
construction to obtain the high de-
gree of reliability under tough en-
vironments demanded by today’s mil-
itary requirements. To withstand
heat sink temperatures of 100°C all
silicon semiconductors are used
exclusively.

The Abbott line of power modules
includes output voltages from 5.0

Please write for your FREE copy of this new
catalog or see EEM (1969-1970 ELECTRONIC
ENGINEERS MASTER Directory), Pages
1834-1851.

ER-R-E-RB8 transistor ]

INCORPORATED

LABORATORIES,

5200 W. Jefferson Blvd./ Los Angeles 90016
(213) WEbster 6-8185 Cable ABTLABS

volts DC to 10,000 volts DC with
output currents from 2 milliamperes
to 20 amperes. Over 3500 models
are listed with prices in the new
Abbott Catalog with various types
of inputs:

60 to DC, Regulated

40025 to DC, Regulated

28 VDC to DC, Regulated

28 VDC to 400°c, 1¢ or 3¢
60 to 4000, 1¢ or 3¢

Included in the Abbott catalog is a|

listing of environmental parameters
per MIL-E-5272C together with the
cost and time required to qualify an
Abbott Module. Many Abbott power

supplies have already been com-|

pletely tested and qualified to various

environmental specifications. Copies|

of these test reports are available by
phoning or writing to Abbott at the

address below.

*Model CL24D-55A, Ser. Nos. 4327, 4328 and
Model A1D-70A, Ser. No. 5358, were tested.

TO: Abbott Transistor Labs., Inc., Dept. 97

Los Angeles, California 90016
gll:ase send me your latest catalog on power
supply modules:
NAME
COMPANY
ADDRESS

CITY & STATE

DEPH/———

5200 West Jefferson Bivd. |
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For further information on meet-
ings, use Information Retrieval Card.

Nov. 18-20
Fall Joint Computer Conference
(Las Vegas) Sponsor: IEEE,

AFIPS, E. Grabbe, TRW Systems
Inc.,, Bldg. R3, Room 2070, One
Space Park, Redondo Beach, Calif.
90278

CIRCLE NO. 417

Nov. 18-21

Magnetism and Magnetic Mate-
rials Conference (Philadelphia)
Sponsor: IEEE, Brooks Harris,
Univ. of Penna., Philadelphia, Pa.
19104

CIRCLE NO. 418

Dec. 4-5

Vehicular Technology Conference
(Columbus, Ohio) Sponsor: IEEE,
R. E. Fenton, Ohio State Univ.,
2015 Neil Ave., Columbus, Ohio.
43210

CIRCLE NO. 419

Dec. 8-10
National Electronics Conference
(Chicago) Sponsor: ITT, IEEE, et
al, National Electronics Confer-
ence, Inc., Oakbrook Executive
Plaza No. 2—Suite 629, 12i1 W.
22 St., Oak Brook, I11. 60521

CIRCLE NO. 420

Dec. 8-10

International Symposium on Cir-
cuit Theory (San Francisco)
Sponsor: IEEE, R. A. Rohrer,
Fairchild Semiconductor Inc.,
4001 Junipero Serra Blvd., Palo
Alto, Calif. 94304

CIRCLE NO. 421

Dec. 10-12

Asilomar Conference on Circuits
and Systems (Pacific Grove,
Calif.) Sponsor: IEEE, Santa

Clara Univ., et al, Shu-Park Chan,
Univ. of Santa Clara, Santa Clara,
Calif.

CIRCLE NO. 422
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MONICS

Hottest Product of the Year #3. November '69

Motorola has hit the market this year with several very exciting products in linear ICs. In chronological order

we have seen: the one and only 4-quadrant Multiplier (MC1595); the one and only high voltage ‘floating’ Voltage
Regulator (MC1566); and now the Super-Beta Op Amp (MC1556) with an open loop voltage gain of 100,000 minimum.
In addition to being internally compensated, it also boasts of very low bias current (15 nA max.) and offset current

(2 nA max.). Add to this choice list of features the fact that the new device offers a five times improvement in

slew rate (2.5 v/uS) over the 741, and you have a new standard to shoot for in the Op Amp market. Application-wise,
the low bias and offset currents make it possible to design better Log Amplifier circuits (1% error over 5 decades

of log conversion); and Gyrator circuits which can achieve a theoretical maximum Q of 50. The Super-Beta Op Amp

in the military version (MC1556) sells for 42.00 in 1 to 24 pc quantities; the commercial version (MC1456) for 22.50.
For technical data, circle #241.

\

The more complicated MSI becomes, the simpler it becomes.

MSI (medium scale integrated) technology enables Fairchild to extend their 1-out-of-10 decoder (9301) into a
1-out-of-16 decoder (9311). The 60% increase in possible outputs is accomplished at a 25% increase in price,
resulting in lower system costs. In addition to the savings in component cost, there is a far more significant
savings in reduced wiring and assembly costs. Design time is shorter, design is simpler, and systems are easier
to build and understand. Fewer soldered joints increases system reliability and make maintenance easier.

Why not look into total capability with Fairchild CCSL building blocks done the MSI way? They are designed to be
used as a family. For a 54-page brochure on Fairchild’s MSI Family (2nd edition), circle #242.

Modulating the Laser Carrier Beam.
Information, such as a telephone conversation or a

Kmm?f::'" Y s TV picture, can be transmitted on a CO; laser beam.
This can be done by modulating the amplitude (intensity)
CO; Laser [ Detector of the light. A schematic of a gas laser modulating
U system is at the left. The electro-optical modulator crystals
e Wimwl /MM: T Z it Db K and modulator accessories made by Monsanto are
available from Schweber. A brochure prepared by
S iy Monsanto entitled “Fundamental Concepts of CO; Laser
Modulators,’ as well as data sheets of the devices

diagrammed in the schematic, can be obtained
by circling #243.

New IC eliminates RFI in Power Control Systems.

Conventional methods of switching AC power on and off create undesirable radio frequency interference (RFI).

The one method that holds RFI to a minimum requires that switching take place at the precise moment that the

AC power crosses the zero voltage (or current) point on the sine wave. This minimizes the tremendously

high instantaneous switched power spikes that must be suppressed by costly and bulky filter networks. Fairchild
now offers a monolithic IC, the uA742 “Trigac', that will perform as a zero crossing trigger in response to a

sensor signal. The Trigac will generate a high energy pulse for external thyristor firing at zero crossing of load currents.
The 1 to 24 pc price is 7.45. You can obtain a 30-page brochure on the applications of the uA742 Trigac by

circling #244. Schweber ships the Trigac immediately from stock.

Review of new catalogs:

1. RCA LINEAR DIGITAL IC PRODUCT GUIDE. This publication contains the latest information on RCA's entire
integrated circuit line, both arrays and complete circuits. The print type and layout have been designed with one
end in view—easy readability. Generous space is provided for listing of condensed electrical characteristics,
features, and applications. (For detailed data, individual technical bulletins are available.) Also included with each
device listing is an uncramped schematic indicating all values of resistors where used. Circle #245.

2. THE NEW AMPHENOL CONDENSED CATALOG OF INDUSTRIAL COMPONENTS offers some improvements over
previous versions of this much needed compilation. What was sorely missed in the last edition is now
provided, namely, a general index of all the Amphenol products arranged conveniently by product
kcategory and series #. Now it is easy to look up the connector you need under connector categories rererrrr
such as Microphone, Rack & Panel, Printed Circuit, RF Coaxial, etc. Circle #246. ELECTRONICS J

Latest news on new products and prices from Schweber Electronics, Westbury, N.Y. 11590 (516) 334-7474 . . . Edited by Sam Kass



Sprague Digital ICs. Illustration: Series 54H/74H in flatpack and DIP

Just arrived. Series 54H /74H. The fast ones.

Just about the fastest saturated logic circuits around.
Series 54H/74H from Sprague. The whole family. Flip-
flops and all.

Use them in arithmetic and processing sections, where
speed really counts. Mix and match them with Sprague’s
standard Series 54/74.

Get oftf to a fast start with Sprague Series 54H/74H.

Call Spraguc Info-Central (617> 853-5000 extension 5474.

TR For complete specifications, circle the reader service number below.

TYPICAL CHARACTERISTICS GATES FLIP-FLOPS

Propagation Delay
Power Dissipation
Noise Immunity
Temperature Range
Series 54H
Series 74H
Packages

INFORMATION RETRIEVAL NUMBER 12

18

17 nsec
80 mwW
155

—55to +125°C

0to +70°C
DIP or Flatpack

THE MARK OF RELIABILITY
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Designing a computer with another computer
may someday be feasible, provided interface
problems are solved. p. 25.

- gTT\‘J?o P ‘3‘
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Color TV tape player system demonstrated The 1969 Japanese Electronics Show revealed
by RCA makes use of laser and holographic the extent to which integrated circuits have
techniques. p. 32. invaded the consumer products area. p. 34.

Also in this section:

Lightning detector prevents explosions. p. 38.

News Scope, p. 21 . . . Washington Report, p. 43 . . . Editorial, p. 51.
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.. .stymied by costs of stacked-mica capacitors?

Try SPRAGUE DIPPED
SINGLE-FILM
MICA CAPACITORS

Mass produced silvered-mica capacitors for entertainment

and commercial equipment. Combine excellent stability and retrace
characteristics with economy. Ideal alternative to more expensive
stacked-mica and ceramic disc capacitors. Exclusive manufacturing
process prevents dielectric delamination as a result of

temperature cycling. Designed for operation at 500 volts d-c.
INFORMATION RETRIEVAL NUMBER 821 Capacitance values from 10 pF through 470 pF.

45C=9151

Tiny in size...Giants in volume efficiency!

Type 160D, 161D

Solid-Electrolyte
Tantalex® Capacitors

for hearing aids and vltra-miniature circuits

Type 160D

Tiny Type 160D/ 161D Tantalex Capacitors are sealed within a

Type 161D polyester film tube with tightly-bonded epoxy fill, so the assembly is
both electrically insulated and highly resistant to moisture. They are
available with axial leads as well as in single-ended construction.

Offering extremely high capacitance per unit volume (for example:
0.25 uF @ 20 VDC in a case only .065” D. x .125” L.), Tantalex
INFORMATION RETRIEVAL NUMBER 822  Hearing-aid Capacitors let you select from a broad range of ratings

in five different case sizes.

Actual Size

48C-9128
For information on Dipped Mica Capacitors, request Engineering Bul-
letin 1010A. For the full story on Type 160D/161D Capacitors, write
for Engineering Bulletin 3515D. Address Technical Literature Service,
Sprague Electric Co., 347 Marshall St., North Adams, Mass. 01247,

SPRAGUE

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

Sprague’ and ‘@’ are of the §; Electric Co.
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Air Force seeks larger
role in space shuttle

With the cancellation by the De-
fense Dept. of the Manned Orbit-
ing Laboratory project, the Air
Force found itself, this year, with
only an unmanned role in space. It
now sees an opportunity to obtain
a larger role in NASA’s manned
earth orbital project through de-
velopment of the space shuttle, a
re-usable logistical craft consider-
ed necessary to resupply such a
space station.

NASA is expected to seek close
to $300 million for a space-shuttle
program in its fiscal 1971 budget
request. Detailed design contracts
are expected to be awarded by the
space agency early next spring.
Four firms are currently perform-
ing conceptual study contracts:
General Dynamics, Lockheed Air-
craft, MecDonnell Douglas, and
North American Rockwell.

Boeing and Martin Marietta
were expected to be the sole con-
tenders for the design contract;
however, Boeing and Lockheed
have now agreed to present a team
bid next year. Boeing will handle
the launch vehicle, and Lockheed
will work on the shuttle itself. It
will be a hotly contested program
if approved by Congress—in excess
of $5 billion during the next
decade. The first planned flight
would be in 1976.

The Air Force, reportedly, has
prepared and is quietly circulating
a program proposal titled “The
Space Transportation System—A
National Objective.” Its purpose is
to create a dual program in which
re-usable (landable) spacecraft
might be concurrently developed
for both civil and military space
projects. This would provide the
Air Force with a means for man-
ned investigations in space of
orbital craft, as well as enhanced
earth surveillance capability.

If any kind of shuttle is approv-
ed, a large development effort will
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be required for on-board electron-
ics. Many subsystems such as
space-ground communications, en-
vironmental control, and rendez-
vous and landing radars can be
adapted from the Apollo program.
Major changes, however, will be
needed for the on-board guidance
and navigation system, the sup-
porting digital computer, and the
introduction of an adaptive elec-
tronic flight control system. Con-
siderable preliminary work on the
latter system has already been ac-
complished through the X-15 pro-
gram and the X-20 Dyna Soar
project.

Although not now under contract
for study of the shuttle, Martin
Marietta, through its Baltimore
and Denver divisions, can be ex-
pected to be a strong contender
for a design effort. Martin has a
long history in experimental and
design work on lifting bodies,
manned and unmanned.

Military scopes to show
plane’s height, identity

The Defense Department has or-
dered its first production run of
equipment that will automatically
provide military air traffic con-
trollers with identification and alti-
tude of aircraft on its radar
scopes. At present, scopes show
unidentified blips that reveal posi-
tion but not the aircraft’s altitude
or specific identity.

System-engineered at Wright-
Patterson Air Force Base, Ohio,
the systems, designated AN/TPX-
42, are being produced by AIL, a
division of Cutler-Hammer, Deer
Park, N.Y. Over the next four
vears AIL will produce 304 uints
under a contract amounting to
$40.4 million.

The company plans to deliver the
first units to the Air Force in

September, 1971. They will be in-
stalled in military air terminals
and ground-controlled approach
facilities in the U.S. and at over-
seas U.S. bases.

The Federal Aviation Adminis-
tration is already installing such a
system, but has equipped only a
handful of terminals thus far. In
spite of FAA’s slight time gain,
the military will probably have its
system fully operable before FAA,
because the civilian agency is hold-
ing out for a more complex system.
Besides identifying an aircraft,
FAA wants the whole flight plan
displayed.

Semiconductor memory
will set speed record

For the first time, memories can
be accessed at the speed of logic.
By the second quarter of 1970, Ad-
vanced Memory Systems, Inc., of
Sunnyvale, Calif., will be offering
semiconductor memory systems
with a total access time of less
than 15 ns for 'up to 32K bits,
says Jerry Larkin, vice president
of marketing. This compares with
60 to 80 ns for most semiconduc-
tor memory systems presently
available, Larkin notes.

The new systems will be modu-
lar in construction, made up of
individual PC cards that contain
sixty-four 64-bit chips, plus decod-
ing and buffering. The access time
of the individual chips, Larkin
says, is 5 ns. Logic gates add 1.8
ns per level, while wiring and
connectors account for the remain-
der of the total system access
time.

“Having control and buffer
memories available that are rough-
ly five times faster than any
previous semiconductor memory
system will greatly increase the
throughput per dollar of the com-
puter,” Larkin points out, “and
make it possible to build larger
and faster systems.”

The first product in the new line
—a 32-word by 8-bit card contain-
ing sixteen 16-bit chips—will be
available by the first of the year,
says Larkin. This will be suitable
for small special-purpose memories
and register replacements. It will
be followed in the second quarter
of the year by high-speed buffer
memory systems made up of PC
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cards that contain sixty-four 64-bit
chips in a variety of configurations
—4096 x 1 and 512 x 8 will be
be available off the shelf and other
configurations on order. The com-
pany expects to offer not only the
PC cards, but also to build self-
contained custom systems in a
variety of sizes and configurations,
complete with power supply.

The new memories will be com-
patible with either GML or TTL,
says Larkin, but the TTL-com-
patible systems will be somewhat
slower—under 20 ns for 32K bits.

Astronaut and royalty
form new corporation

Scott Carpenter, the astronaut-
aquanaut, and Prince Bernhard of
the Netherlands, have joined re-
sources and gone into business.
Backed by a staff of business, legal
and technical experts, they are of-
fering engineering services to any-
one interested in the world beneath
the seas.

Called Sea Sciences Corp., the
new group will “conceive and de-
sign oceanographic systems and
hardware for use by developing na-
tions and private industry.”

Carpenter is president of the
corporation and Prince Bernhard
is chairman.

Engineers’ week to focus
on environmental design

The largest National Engineers
Week ever observed will be launch-
ed on February 22 and continued
through the 28th, in an attempt to
focus national attention on the pro-
fession’s work in providing solu-
tions to pollution, waste disposal
and environmental problems that
plague the country. The forecast
was made recently by The National
Society of Professional Engineers,
sponsors of the program.

The 535 local chapters of NSPE
are spearheading the theme of the
week’s  observance—‘“Engineering
. . . Environmental Design for the

(]
(39

|

1970’s”’—by featuring career con-
ferences in high schools, exhibits
on engineering achievements, uni-
versity seminars, open-house tours
through engineering schools, talks
by engineers before civic and
student groups, and numerous
other projects for improving the
nation’s environment in the 1970s.

15-20% growth seen
for computer industry

“The data-processing industry
will grow at a compound rate of 15
to 20% a year over the next 10
years” is the prediction of William
R. Lonergan, vice president of
RCA Information Systems Div. As
chairman of the Data Processing
Group of the Business Equipment
Manufacturers Association, Loner-
gan made this forecast at the or-
ganization’s 11th annual exposition
in New York.

A pacesetter in data-processing
expansion will be the mini-com-
puter industry, now “growing at
an astounding rate,” Longeran
said. But terminals for large data-
processing machines will continue
to provide the main thrust in this
line, he added.

Other trends Lonergan is look-
ing for include increases in on-line,
time-sharing systems (they con-
stitute 139% of the market now,
with prospects of accounting for
half of it by 1975); more large-
scale multifunction systems; and
more attention to “coupling man
and machine.”

The future of the office-ma-
chines market was described in an
equally optimistic light by Law-
rence Avanzino of the executive
staff of Olivetti Underwood Corp.,
who presented a report in behalf
of A. C. Buehler Jr., executive
vice president of Victor Comptom-
eter Corp.

“With the advent of microminia-
turization of electronic components,
adding machines and calculators
are now being built in very com-
pact sizes and are being sold for
home and non-office use,” Avan-
zino noted.

He estimated that over-all sales
of business machines, plus their
supplies, would reach $5.5 billion
this year—growth of nearly 15%
over last year.

Some of the new devices that

I
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help account for this growth, Avan-
zino said, include smaller, faster
electronic calculators—*“one com-
pany is actually producing a pocket
calculator no larger than a wrist-
watch”; copiers; accounting ma-
chines with computer-like elements,
such as memory stores; facsimile
equipment for transmitting pic-
tures over telephone wires; visual
display for calculators; microfilm
libraries, and dictation in home of-
fices, resulting in ‘“dictation by
telephone anywhere, anytime.”

Phonograph records
store data at low cost

The standard 45-rpm phono-
graph record has joined the com-
puter revolution. E.G. & G., Inc., of
Bedford, Mass., has announced its
new system of random access,
read-only storage, using the
familiar discs as the medium. Each
7-inch record can store up to 5
million bits of data and can be
read out at rates up to 16 kbits/s.
The pickup stylus is mounted on a
lead screw, and it can access any
point on the disc in 2-10 s. A series
of sync pulses is recorded to aid
location of the data.

The discs must be recorded by
E.G. & G from data supplied by
the user. A turn-around time of 48
hours is promised. This is quick
enough, according to Norman
Harvey, manager of E.G. & G’s
System Development Div., to allow
use of the technique in inventory
control where once a week updat-
ing is adequate. The low-cost discs
can reduce data storage costs for
users of small computers.

Other proposed applications of
the idea include the storing of
routines and subroutines on the
records. A payroll program, for ex-
ample, can be recorded and inex-
pensively reproduced for use on
any computer equipped with the
interfacing equipment. Heretofore,
reproduction of programs in simple
read-out form was a tedious and
expensive exercise in punching
paper tape or recording on mag-
netic tape.

The records are expected to cost
about $100, with $1 of the total for
the record itself and the remainder
for handling the software. The
system is expected to be available
during the third quarter of 1970.
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For 60¢ you can buy a diode with 100 at low cost. They’re 4Y2 times faster Call or write to Hewlett-Packard,

picosecond switching time, low forward than any PN junction. Try to beat that Palo Alto, California 94304; Europe:
resistance, low reverse current, low combination in a circuit design. 1217 Meyrin-Geneva, Switzerland.
stored charge and all the other para- In thousand quantities, the 5082-2811 :

meters that add up to better-than-PN diodes are 60¢ each and the 5082-2810 E

junction performance. Hewlett-Packard’s  diodes are 90¢. So before you order HEWLETT h . PACKARD
5082-2810/11 Hot Carrier Diodes are another PN junction diode, or any w

the best—coming and going — that other high-speed semiconductor, try

you can buy for high-speed switching one of HP’s new hot carrier diodes. SOLID" STATE DEVICES

Hot Carrier Diodes for
Switching
Logic
Clamping
Sampling
Log Conversion
A-D Conversion

Fastest speed. Lowest price.

01907

INFORMATION RETRIEVAL NUMBER 14
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5TH MODE

7TH MODE

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
CENTER FREQUENCY (fo) IN MHz

(here's valuable bandwidth information youll want to save)

Regardless of what they are called, M€Coy Electronics Co.
makes available the most complete offering of
multi-electroded devices in the industry. From 5 to over
200 MHz, both crystal and filter technologies are
combined to provide you assurance of competence,
quality and reliability. We engineer and fabricate...

*Quartz Mechanical Filters MCCOY ELECTRONICS COMPANY
Uncoupled Filter Devices MT. HOLLY SPRINGS, PENNSYLVANIA 17065
Custom Innovations. .. Tel. 717—486-34M TWX: 510—650-3548
. a subsidiary of OAK ELECTRO/NETICS CORP
Put our experience to work for you!

INFORMATION RETRIEVAL NUMBER 15
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NEWS

Can a computer design another computer?

Major firms are pressing automated methods,
but they face problems in interfacing and updating

David N. Kaye
West Coast Editor

Suppose a computer could be
used to design another computer
from start to finish. A vastly im-
proved computer—smaller and
more efficient—could be designed
in a fraction of the time it now
takes. Costs would probably drop
dramatically, too. But is it feas-
ible ?

Major companies are already
working on the problem, a survey
by ELECTRONIC DESIGN shows.
Their work is stressing only parts
of the design of the total computer
system, however. One company is
pursuing the automated design of
software, for example, another is
delving into logie, a third is work-
ing on peripheral equipment, and
so forth. The big questions are:
How do you interface all these
areas of concentration? And how
do you update the computer-aided
program at any point without hav-
ing to start from the beginning
again?

In the design of any computer
system, engineers are faced with
three major problem areas:

s Software and machine
guages.

m Circuit analysis and simula-
tion.

m Mechanization.

The first two areas speak for
themselves, but mechanization is
often defined in different ways by
different people. Alan Hecht, man-
ager of operations for Automation
Systems, Inc., in Encino, Calif., ex-
presses the majority opinion this

lan-

way: ‘“Mechanization is the step
where you are going from logic

equations into actual hardware.”

Two approaches to software

Computer-aided design in the
software area is being employed in
two different ways: for the de-
velopment of programs and pro-
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gramming languages, and also for
the generation of the instruction
sets and operation codes that speci-
fy those functions that the com-
puter will ultimately perform.
Hewlett-Packard Corp. in Palo
Alto, Calif., has been looking into
the automatic generation of pro-
grams for computers. Roy Caly,
software manager of the Data

Products Group, says:

“Work in software generation by
software has been going on for
several years primarily on an ex-
perimental basis looking at com-
piler generation. However, much
more work will have to be done to
get something that will meet a
computer supplier’s needs. We have
a study program in this area work-
ing toward the development of sev-
eral languages for a single ma-
chine.”

Commenting on computer-aided
software design techniques, Dr.

Engineers at Xerox Data Systems simultaneously use a time-shared computer
in order to aid them in their designs.
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(computer, continued)

Jack Shemer, principal member of
the technical staff at Xerox Data
Systems in El Segundo, Calif.,
says:

“As in the area of hardware de-
sign, computer-aided software de-
velopments have been greatly aided
by time sharing. Xerox Data Sys-
tems text editors and assembly-
language debugging aids, like
EDIT and DELTA, are helping
programmers implement operating
systems by permitting them to ex-
amine and modify points in a pro-
gram’s execution flow, while sit-
ting at a time-shared terminal.

“These are starting points, but
they are indicative of future trends
in this area. In time we hope to
see automatic flow-charting and
code optimization, verification and
diagnostic techniques made avail-
able to programmers at the termi-
nals. Along with these we need im-
proved graphic devices that will
permit the programmer to interact
more effectively with the computer
and, ideally, a comprehensive data

storage and retrieval system.

Through this system, the current
status of any program under de-
velopment would be readily avail-
able to its implementers for exami-

nation, use and modification. It
would thereby mitigate the dupli-
cation of efforts and communica-
tions problems that arise in the
development of software for any
system.”

One area that has had a great
deal of early activity is automatic
flow-charting. Programs have been
written for different languages by
many individuals. One example is
a program written for the MAD
language by Dr. Marshall D.
Abrams, assistant professor of
electrical engineering at the Uni-
versity of Maryland. According to
Dr. Abrams, “The program will
take any program written in MAD
and automatically draw the cor-
responding flow chart.”

Dr. Fred Haney, also a principal
member of the Xerox Data Systems
technical staff in El Segundo, has
demonstrated that computer-aided
design of instruction sets is fea-
sible. He is presenting a paper de-
scribing his technique at the Fall
Joint Computer Conference in Las
Vegas this month. Dr. Haney’s pro-
gram accepts inputs that specify
required features of the instruction
set, cost and value coefficients for
the features in the model, and the
memory size and word size of the
computer. The program contains a
set of operators, each of which
specifies one new part of the in-

Circuit-board layout is checked out with a light-pen-actuated graphic console
by Norman Schweitzer, a staff engineer at TRW Systems.

26

struction set. These operators are
applied alternately with an evalu-
ation program to determine an
optimal sequence for applying
them. The output from the program
specifies the instruction format for
the computer, including operations
and their codes, addressing methods
and the locations of each field in
the instruction.

“If we someday design and pro-
duce computers automatically,”
says Dr. Haney, “software develop-
ment will become an obvious bottle-
neck. The design of software can
be automated, but industry is not
vet ready. The problems of describ-
ing, designing and implementing
software are much more numerous
and diverse than those related to
hardware.”

Trial and error used

One way of solving the problem
of which are the best instruction
sets is to set up a test computer
that will operate in accordance with
the proposed sets. Such a technique
exists and has been under develop-
ment at Standard Computer Corp.
in Santa Ana, Calif., and also at
International Business Machines.
The technique is called emulation.

In order to achieve the emula-
tion capability, Standard has used
a new type of system architecture.
They call it a computer-within-a-
computer. It is composed of conven-
tional functional stations such as
main memory, register stacks,
arithmetic units, I/0 devices, etc.,
surrounding the nucleus of the ma-
chine—namely, the small, very
high-speed inner-computer, which
supplies the necessary system con-
trol. This novel concept eliminates
the permanent bind between the
rarious functional stations custom-
ary in most other computers.
Programming of the system can be
done on two levels. One is the usual
type of system programming. The
other is a separate programming of
the inner-computer. This is called
micro-programming.

Laszlo L. Rakoczi, vice president
of Corporate Planning at Standard
Computer, described the technique
to ELECTRONIC DESIGN:

“We have a- special assembly
language called ICAP [Inner Com-
puter Assembly Program], which
can be used to define instruction
sets. You can state your machine
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you can get it I1.

What's more, they've got a great big handbook, II—on Utilogic II!
Descriptions, specs, usage rules, how-to's, design ideas on the

only integrated circuit logic family that gives you I) lowest cost per gate
function, II) choice of AND, OR, NAND and NOR logic, and

IIT) silicone DIP’s. XXXII pages in all! See any of the guys above—

and you can get it IT!
Signetics Corporation /811 E. Arques Ave. g

Sunnyvale, California 94086 /A subsidiary of Corning Glass Works
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(computer, continued)

language and that assembler will
accomplish the programming to
‘build’ the machine by loading the
proper micro-program. We can
emulate either other real or hypo-
thetical machines. You can state
your desired machine language in
terms of coded instruction sets.
The inner computer then will be-
have the way you have defined
your machine.”

At this point, if the computer
that has been emulated does not
satisfy the desired performance, it
is a simple matter to try another
group of instruction sets.

Analysis and synthesis

The design of the actual com-
puter hardware must begin with a
system block diagram. In the view
of many, this diagram will one day
be generated automatically from a
statement of the performance speci-
fications that the computer must
meet.

Although the block diagram is
still manually created, computer-
aided design already is being used
to simulate the system architecture
and check its performance. At the
Autonetics Div. of North Ameri-
can Rockwell in Anaheim, Calif.,
Dr. William T. Clary, manager of

software, points out:

“We are simulating the capabili-
ty of the computer in total. In the
simulation, faults can be injected.
This gives the capability of form-
ing a file of primary symptoms of
failures that can occur.”

According to Dr. Melvin Breuer,
assistant professor of electrical en-
gineering at the University of
Southern California in Los Ange-
les, the next step is the automatic
generation of a register transfer
description from a system descrip-
tion. The register transfer descrip-
tion describes the flow of informa-
tion within the computer from
register to register. This step is
currently being pursued by several
firms, but does not yet exist.

Dr. Breuer notes that after this
should come the automatic genera-
tion of the gating structure from
the register transfer description.
Programs to perform this step al-
ready exist and are being used by
most major computer manufactur-
ers.

At this point, Dr. Breuer con-
tinues, simulation of the gate-level
logic must take place. During the
simulation the gate-level logic is
operated upon to check the design
and also to look for faults, such as
unrealizable states. In addition the
gate-level logic should be checked
against the system and register
level simulations.

Integrated-circuit mask art work is automatically cut using a computer-driven
plotter built by California Computer Products.
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An additional check that is
sometimes used is a logic simula-
tion that works directly from the
Boolean logic equations. Once the
gate-level logic is defined, it is of-
ten checked by generating the
Boolean logic equations automati-
cally and then using logic mini-
mization programs and Karnaugh
map manipulation routines to see
whether the gating structure ar-
rived at is the most efficient physi-
cal logic structure that can be
obtained.

One problem Dr. Breuer notes is
that in a gate-level simulator “you
have to simulate sequentially what
is actually happening in parallel in
the computer.”

Roger D. Houck, manager of the
design technology lab at the
Hughes Aircraft Co. in Fullerton,
Calif., says: “The major problem
in simulation is giving the data
back to the guy in a form in which
he can handle it. We try to pro-
vide it in bite-size chunks.”

Once the gating structure has
been determined, several -circuit-
analysis programs come into play
to design and check out the addi-
tional computer circuitry. Some ex-
amples of circuit analysis packages
currently available are IBM’s
ECAP, Xerox Data Systems’ CIRC,
and Control Data Corp.’s SYSCAP.

An area that Dr. Breuer feels
requires a good deal more work is
automatic circuit synthesis direct-
ly from logic equations.

Creating hardware from logic

To automatically create hard-
ware from logic, the gate-level cir-
cuitry must be assigned to inte-
grated circuit chips. Alan H.
Halpin, manager of the Design
Automation Dept. at TRW Systems
in Redondo Beach, Calif, told
ELECTRONIC DESIGN :

“Logic will have to be automati-
cally partitioned with functions
assigned to particular integrated
circuit chips. We now have to do
this step manually, but automatic
partitioning is coming in the near
future.”

Roger Houck of Hughes notes:
“The way that you partition your
logic depends upon the way that
you can most easily self-test the
hardware.”

As LSI technology puts more and
more of the computer on a single
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now ... the fast-recovery

MAGNUM”

The first 20 amp,

500 nanosecond
rectifier assemblies
with full-power operation
up to 40kHz.

Here's what we mean when we say
“They're reliability designed from the inside out.”

All four of the diodes in this aluminum
heat-sink case are Unitrode's individually

high-surge diodes. So you start with monolithic
parts that have typical failure rates of less
than 0.0006%,, and you have the added

This is what's in the heart of our diodes

With the silicon die
metallurgically bonded
between terminal pins of
the same thermal

#£682 Series Three Phase 20 amp Bridges coefficient, the hard glass
sleeve is fused to the

#683 Series Single Phase 20 amp Bridges o WIRERE 1) e
#0684 Series Single Phase 10 amp Bridges il ol oin AT
PIV'S to 600V monolithic structure. BONDED DIRECTLY T0 SILICON

Standard Recovery 25 amp
Magnums also available

®
For fast action, call Fred Swymer COLLECT ‘ \ ‘ l \

it R
580 Pleasant Street, Watertown, Massachusetts 02172 ® (617) 926-0404
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(computer, continued)
chip, partitioning will become less
and less of a problem.

Ultimately the single-chip LSI
computer will become a reality.
According to Dr. Robert Jackson,
chief engineer at General Automa-
tion, Inc., in Orange, Calif.;

“Soon there will be semiconduc-
tor computers as off-the-shelf
items. There will also be specials—
basic configuration to which the
purchaser will add options. These
options will be incorporated, using
computer-aided design, into the ap-
propriate semiconductor masks.”

At present, however, since the
single-chip computer is not yet a
reality, several chips must be used.
These chips are then mounted on
printed-circuit boards that must be
created. The printed-circuit boards
are connected to each other by
means of either a printed mother
board or a multi-pin back panel.
When the back panel approach is
used, the wiring must be done
automatically. Finally, according to
Allan G. Lindgren, project manager
of component and circuit control
for Control Data Corp. in Arden
Hills, Minn., the whole thing must
be packaged with careful consider-
ation to design and heat transfer
problems.

Masks are complex area

Mask making for integrated cir-
cuits is the most complex area of
mechanization. Several techniques
have been developed for automati-
cally generating the art work
necessary for fabricating integrat-
ed-circuit masks.

The usual procedure is to store
as standard cells in the computer’s
memory the art work necessary to
create several standard logic funec-
tions. For example, if a NAND
gate is called for, the computer
merely instructs an automatic
drafting machine to draw the
masks that result in a NAND gate.
Since many gates and transistors
will appear on a digital integrated
circuit, the computer implements
the logic in the form of a grouping
of the standard modules that it
has at its disposal. It then com-
putes the art work necessary to get
the logic on a single chip and has
a plotter draw the appropriate
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integrated circuit masks.

An implementation of this type
of technique will be described by
William K. Orr, director of design
automation for the Singer Co., Palo
Alto, Calif.,, in his paper “Com-
puter-Aided Design for Custom In-
tegrated Systems” at the Fall Joint
Computer Conference later this
month.

Orr used bipolar integrated-cir-
cuit technology to make his cir-
cuits. His largest circuit had 43
gates and 6 flip-flops on a single
chip. Orr told ELECTRONIC DESIGN :
“We work with a high-level regis-
ter transfer language that we de-
veloped to describe the logic.” The
computer then utilizes an approach
similar to that described, which
Orr calls the polycell approach.

“One of the drawbacks,” he says,
“to the polycell approach is that
you cannot take advantage of tech-
niques that will minimize the
amount of chip area used.”

Automated design approaches are
currently being worked on that will
automatically generate masking in-
formation for complex MOS/LSI
circuits. One such system has been
developed by Collins Radio Co. and
is geared to custom requirements.
This system, however, also uses a
cellular approach and therefore also
does not result in “minimum real
estate” chips.

A new company working in the
field of MOS/LSI design is Macro-
data, Inc., in Chatsworth, Calif.
Macrodata is placing primary em-
phasis on minimum real estate de-
sign and on automated design tech-
niques. Dr. William C. W. Mow,
president of Macrodata, explains
that, “For true LSI, the design
technique should be based on the
constraints of the device and the
process parameter rules rather
than the performance parameters.
Implicit in the design technique is
the minimization of area per logic
function. Therefore, an understand-
ing of the design rules imposed by
the wafer fabrication process is ab-
solutely necessary.

“Design rules evolving from the
process development,” he says, “are
in the form of intrinsic design
parameters such as threshold volt-
age, breakdown voltage, thin oxide
capacitance and other parameters
essential to designing a transistor
to produce the performance as re-
quired by the logic gates. Further-

more, process rules also impose
physical design restraints on the
layout of the transistor and the
other elements required to achieve
the desired logic-gate perform-
ance.”

Mow claims that his technique,
implemented through a light-pen
display-driven computer system,
yields extremely high densities for
random control logic with guaran-
teed single layer metal. Using his
technique, Mow has designed over
3,000 MOS transistors into a cell
size of 160 x 160 mils. The cell
array is a processor that has the
capabilities of divide, square root,
partial add and subtract, two 32-
bit general-purpose registers, three
8-bit address registers, one 8-bit
op-code register, up-down counters,
and associated control logic. In ad-
dition to the above, the cell can
operate as a digital differential
analyzer.

Looking ahead to interaction

Most designers are looking for-
ward to on-line interactive graphic
display design aids. The feeling is
that, once all of the separate design
aids discussed in this article can be
interfaced and tied together, the
whole package can be utilized by
the designer to save a great deal
of time and money.

Morris L. Bernstein, supervisor
of the Computer Programming
Unit at Northrop Electronics Div.
in El Segundo, Calif., believes that
the designer will be able to:

® Describe the logic to the com-
puter.

m Get a block diagram automati-
cally from the display.

m Get a loading analysis from
the computer.

® Do a logic simulation auto-
matically.

m Get hardware directly from a
computer-controlled fabrication.

Tom L. Sides, senior staff engi-
neer for Advanced Design Automa-
tion at Burroughs Corp. feels that
what will make the interactive ap-
proach a winner is that the whole
design will be “updatable with fast
turn-around times.”

Although some think that a total-
ly automated design will ultimate-
ly come, Dr. Breuer disagrees. He
feels that the interactive approach
with the designer still in the loop
will always be better. mm
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8 answers to prickly problems

Solve thorny computer memory
problems with these 8 diode arrays
from TI.

Unbeatable core-drivers, they
assemble quickly and cut P-C
board space requirements. Up to
65%! Saves you time, trouble and
costs. And they’re smaller, lighter,
more reliable, too.

Performance? They’re real stick-
lers for fast recovery, low capaci-
tance, and high forward con-
ductance. With closely matched
electrical characteristics through
a broad temperature range.

Try them. They’re available fast:
Through TI distributor and fac-
tory stocks. In arrays of 8, 16 and
20 diodes. Common cathode or
anode connections. In flat packs

® L ] L &
0§f§§§§§} ¥ £ X X §% ¥ R
@4 O O O O 4 O O
OOOOOOOO 2% 2R NAE Rk
@ No connection o
TID 21, TID 22 TID 25, TID 26
® 3 _<® : _‘6) ® ® 0O _‘®
AY1i AYAYAN T{; Ya
IIIYIIYIY VEV5Y4Y4Y4¥414 v
@ No connection é
TID 23, TID 24 é 11D 29, TID 30 ®<b

with 10 or 14 leads.

These 8 arrays are part of TI’s
preferred semiconductor line, se-
lected to save you time and money
in specifying discrete components.

If one of these doesn’t fill your
specific needs, TI makes custom
arrays of 2 to 20 diodes in flat
packs, 10-lead TO-5 metal-can and

dual in-line packages.

Write for TI’s brand new Pre-
ferred Semiconductors and Com-
ponents catalog: Texas Instru-
ments Incorporated, P.O. Box

5012, MS 308, Dallas, o
Texas 756222. Or just cir- 0
cle reader service num-

ber 122.

TEXAS INSTRUMENTS
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Holographic TV tape player on way for home

RCA SelectaVision, demonstrated as feasible, aims
to offer $400 unit that will attach to any color set

Jim McDermott
East Coast Editor

A laser in the home?

That’s what RCA is proposing
in a television tape player it is de-
veloping for the consumer market.
The picture-and-sound player,

which makes use of a laser and
holography to play back images,
is being designed for attachment
to any standard color TV set.

A laboratory model has demon-
strated the feasibility of the con-

is illuminated by a laser beam.
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cept, according to Dr. James
Hillier, executive vice president of
RCA Research and Engineering at
Princeton, N.J. Present plans call
for a start on production of the
player, called SelectaVision, in
1972 at a price of about $400.
Already there are signs that in-
tense competition is shaping up
between RCA and CBS, developer
of the Electronic Video Recording
(EVR) system, which uses regular
film, a film transport mechanism

The laboratory setup for making a master holographic tape of a motion picture
film for RCA SelectaVision. The movie film coming from the reel at the right

and straightforward TV circuitry,
and is now selling for $800.

A unique feature of the RCA
design is that it will play full-color
programs that have been recorded
on tapes made of clear, inexpensive
plastic material—the same kind
used in supermarkets to wrap and
display meats. This tape should
cost about one-tenth that of film
types.

RCA’s SelectaVision will em-
boss the cheap, clear vinyl plastic
tapes with a hologram containing
the TV picture plus the color cod-
ing required to convert the various
elements and areas of the trans-
parent film to the proper colors.

Holograms are made with co-
herent laser light, and a visual
image is obtained by passing the
laser light back through the filmed
hologram. The hologram used on
the SelectaVision tape 1is the
Fraunhofer type.

3 basic elements used

The principal elements of the
SelectaVision player are a helium-
neon laser, a vidicon color TV
camera and a tape transport. In
the laboratory model, which RCA
showed to the press last month, the
player had these characteristics:

Tape speed—7-1/2 ips.

Tape width—1/2 inch.

Tape thickness—2 mils.

Laser wavelength—6328 A.

Laser power—2 mW.

Luminance bandwidth—3 MHz.

Chrominance bandwidth—0.5
MHz.

Playing time—1/2 hour.

Reel size—6 inches.

To play back the tape, the laser
beam is aimed to pass through the
hologram portions, producing a
virtual and a real image. The lat-
ter is projected directly into the
camera lens and contains two types
of information, one superimposed
on the other. The first type is a
series of fine vertical lines cor-
responding to 3.5 and 5-MHz sub-
carriers, which provide the color-
coding signals that determine the

ELEcTRONIC DESIGN 23, November 8, 1969



reproduced colors in the various
areas of the picture. The second
image is that of the black-and-red
(white) picture of the scene, which
provides the luminance signal.

It is a peculiar property of
holograms that they contain,
throughout the entire hologram, all
the information needed to recon-
struct complete images. Thus, a
hologram can be cut in halves,
quarters, eighths and so on, and
each piece can reconstruct the
original scene. Picture resolution
and contrast decreases, but the
scene remains, and it is this quali-
ty that makes holograms scratch
and dust-proof.

Another property of interest is
this: In the Fraunhofer holograms
used in the SelectaVision system,
as the tape moves through the
laser beam, the passing image
from one hologram fades out,
while the approaching fades in,
and the two images are almost
perfectly superimposed. Because an
image is always projected onto the
vidicon, regardless of the tape
position, there is no need for syn-
chronism between tape motion and
camera scanning rate.

This permits a simple, reliable
playback mechanism requiring
neither a shutter nor -electronic
synchronizing circuits. As a result,
the tapes can move at any speed,
with a proportional rate of scene
movement.

A third property of Fraunhofer
holograms of interest is the fact
that the image is essentially colli-
mated light, and consequently the
viewer can move to or away from
the image and it does not change.
This phenomenon is observable
when the human eye surveys a dis-
tant scene. The light from it is
collimated—that is, it reaches the
eye in straight lines. If a person
moves toward or away from the
scene, it does not change appear-
ance.

Because of this fact, the Selecta-
Vision camera is relatively insensi-
tive to displacement with regard to
the film. The camera can be moved
toward the tape, even right against
it, or away from it, up to one or
two inches, without changing the
viewing results. This loose toler-
ance allows for misalignment in
the product without penalty.

The process by which a color
program is converted to an em-

ELEcTRONIC DESIGN 23, November 8, 1969

bossed hologram on the clear vinyl
tape is accomplished by RCA in
five steps.

A series of ‘masters’

First, the composite color TV
signal is fed to an electron-beam
recorder, which exposes a film to
give what is known as a ‘“color-
coded” master. In the second step,
this master is used to make a
hologram on a new plastic film
coated with a photoresist. The
photoresist hardens where laser
light strikes it and in the third
step is etched in a bath, to provide
a strip of plastic containing
micron-sized depressions that cor-
respond to the hologram of the
scene being reproduced. This is
called the “hologram master.”

This master is then electroplated
with a coat of nickel, after which
the plastic film is stripped away
to leave a thin nickel tape with
holograms impressed on it, like an
engraving. This fourth step pro-
duces the ‘“nickel master.”

In the final step, the nickel
master and clear vinyl tape are fed,
one on top of the other, through a
set of heated rollers. The heat and
pressure emboss holographic de-
pressions in the vinyl tape, which
is then ready for playback.

According to Chase, Morsey Jr.,
executive vice president of RCA’s
operations staff, development of
the home player and associated
program albums will be undertak-
en by a new corporate group. It is
planned to offer a library of 100
program albums in 1972 at a target
price of $10 for each half-hour

program.
Mindful of the forthcoming
competition, Robert Brockway,

president of the CBS EVR Div. in
New York City, says: “Comparison
of a SelectaView consumer player
at under $400 and an EVR player
at $800 for the ruggedized, heavy
duty, industrial machine is in-
valid.”

In addition he notes:

“Cartridge costs for the con-
sumer market have not been an-
nounced, nor have our plans in
this area been disclosed. However,
it should be pointed out that the
EVR cartridge manufacturing
process is extremely price-volume
sensitive.”

Brockway also has this to say
about RCA’s use of lasers in its
systems: “While laser technology
is exciting, because of its recent
emergence, EVR utilizes photo-
graphic material and techniques of
known value and performance
levels.” mm

A designer's concept of RCA’'s SelectaVision TV tape player sits atop a
standard color receiver. Cartridges of proposed low-cost color tapes are
inserted in the unit at the top right.
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In Japan, everything is coming up ICs

The noticeable design trend of TVs

Their heavy, growing use in consumer products
is apparent at industry’s annual electronics show

Haruki Hirayama
Tokyo Correspondent

The extent to which the booming
Japanese electronics industry has
emphasized the use of integrated
circuits in its consumer and indus-
trial product areas was evident at
last month’s Japan Electronics
Show held at the Minato Fair
Grounds in Osaka.

In fact, there may be no country
on the globe where so much serious
effort has been concentrated on
putting ICs into consumer prod-
ucts. The reason is obvious—60%
of Japan’s total industry sales con-
sists of consumer electronic prod-
ucts against only 16% in the U.S.

All large entertainment equip-
ment manufacturer, such as To-

shiba, Hitachi, Sanyo Electric,
Hayakawa Electric, ete. were
showing IC-incorporated TVs,

radio, stereos, transceivers and the
like. For example, Sanyo Electric
exhibited a 17-inch all-IC (except
for the tuner) television receiver
and a 3-inch cordless TV, incorpo-
rating nine ICs. Toshiba displayed
its IC FET a-m/fm pocket radio
and 19-inch color TV with IC auto-
matic control.

Progress in IC devices

ICs themselves were on display

by more than a dozen Japanese
manufacturers and several U.S.
makers, such as GE Motorola

w
I

Semiconductor, RCA, etc.

Indicative of Japan’s progress in
IC processing techniques was Nip-
pon Electric’s 2PD-116, manufac-
tured by a combination of MOS
and bipolar technologies. The com-
pany also showed its line of linear
ICs for TV and its series of MOS-
type ICs for low-speed computers.

Sony Corp. introduced a high-
output monolithic linear IC with
a 26-W maximum output contain-
ing four npn transistors, a diode,
and six resistors on a silicon sub-
strate measuring 1.5 by 1.75 milli-
meters.

Oki Electric Industry displayed
a 40-bit semiconductor IC fixed-
memory, while Sanken Electric Co.
exhibited a hybrid power-IC with
a 120-W minimum output.

Impact on OEM market

The impact of ICs on Japanese
OEM markets was noted especially
in the booths of components manu-
facturers. They exhibited ICs or
miniaturized components used in
conjunction with ICs. Electric Co.,
Ltd.; Toko, Inc.; Michicon Capaci-
tor, Ltd.; Kyodo Electronic Labo-
ratories, Inc.; and others displayed
ICs of their own, along with the
large semiconductor manufactur-
ers.

Matsuo Electric Co., Ltd., dis-
played miniaturized tantalum chip
capacitors (0.01 uf to 22 uf, 6.3 to
35 V) useful in hybrid circuits.

seems to be turning toward more

use of new ‘“non-contact” TV
tuners, eliminating switching con-
tacts by use of tuning diodes. A
few models using these new tuners
were shown by each set manufac-
turer in the show, and more and
more sets of this type are expected
to come out in the future.

In the meantime, ceramic filters
are starting to be used in a num-
ber of high-quality radio receivers
in place of conventional intermedi-
ate-frequency transformers for
their sharp receiving selectivity.

Production machines shown

A boom is also on for the manu-
facturers of IC production ma-
chines as the result of brisk in-
roads of ICs into both industrial
and consumer OEM markets. IC
production machines, almost 100%
dependent upon imports a year
ago, are now being manufactured
domestically, and some are going
to be exported to U.S. markets.
Products of high interest in this
category were the Dbonder of
Kokusai Electric, which combined
ultrasonic bonding technology with
the technology of heat welding:
the scriber of Tokyo Seimitsu Co.;
and the photo-mask reduction cam-
era of Dai Nippon Screen Mfg.

Exhibited by Rikadenki Kogyo
Co. was a new response recorder,
model B-34, with a very high pen
speed under stable performance.
The recorder features a fixed
chopper, a special 400-Hz modula-
tion ac amplifier and an inverter
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NEWS

(Japan, continued)

Photo-mask reduction camera was exhibited by Dai Nippon Screen Co. at
recent Japan Electronics Show in Osaka.

for a 400-Hz power supply.

Shown in Yokogawa Electric’s
booths was a direct-recording type
of electromagnetic oscillograph,
model 2915. This 18-channel in-
strument is equipped with a trace
identifier and uses 178-mm self-
folded recording paper.

Omron Electronic displayed pho-
toelectric switches for all-purpose
automation, ranging from machine
assembly, pharmaceutical produc-
tion, to steel manufacturing. Toho-
ku Metal Industries exhibited a
new thermal lead switch, a combi-
nation of a magnet and a tempera-
ture sensitive ferrite, which con-
ducts switching functions in
accordance with changes in tem-
perature.

Facsimile TV a hit

Though current IC technology
was the dominant theme at the
show, a number of exhibits still in
the developmental area drew wide
interest. One of the real crowd
pleasers was Mitsushita Electric’s
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(Panasonic) “Basic Technology De-
velopment Corner.”

On display was a home facsimile
TV system. Show visitors, includ-
ing Crown Prince Akihito, watch-
ed fascinated as a facsimile page
of a magazine came out of the slot
of the console cabinet of a TV set
a few inches below the screen. All
viewers saw was a 1/4 inch per-
pendicular stripe on the edge of
the screen.

The technology behind this kind
of facsimile utilizing TV signals is
not new, but it was said to be the
first demonstration of such a sys-
tem. Potential applications are
seen in the newspaper field and
as a means of sending explanatory
notes along with telecasts.

Also on display by Mitsushita
were:

A semiconductor film strain-
transducer phono cartridge for
ultra-high-fidelity reproduction, and
weighing only 0.75 g.

A high-speed video-tape dupli-
cator that can transfer informa-
tion from a 60-minute tape onto

another tape in three minutes.

A phono-motor in which the
turntable is directly coupled to a
low-speed commutator motor in-
corporating a low-cost manganese-
aluminum magnet.

Other exhibits at the show in-
cluded:

m A 300-MHz oscilloscope for
for computer servicing, made by
Iwatsu Electric Co., Ltd., model
SS-311, with 5-mV/em sensitivity
for two-phenomenon measurement.
A 200-MHz oscilloscope exhibited
with the 300-MHz model features
very compact size (10-1/4 inches
wide by 6-1/4 inches high by 16
inches deep).

m An integrating digital volt-
meter, made by Takeda Riken In-
dustry Co., with a readout error of
0.006%. The company also showed
a new microvolt de range unit,
model TR 6018, with 10-nV reso-
lution capability.

® An ultra-high-speed 2-1/2 D
core memory was exhibited by
TDK Electronics Co., Ltd. The sys-
tem contains 12-mil cores, has a
300-ns cycle time and a capacity of
32K words.

Foreign exhibitors flock in

One outstanding feature of this
year’s show was the increase in the
number of exhibitors from over-
seas. The 87 foreign participants
accounted for 289% of the total
number of exhibitors. And this
figure includes 46 U.S. exhibitors
under the sponsorship of the U.S.
Commerce Dept. and about a dozen
independent U.S. exhibitors.

These U.S. manufacturers dis-
played ICs, semiconductor mate-
rials, measuring instruments and
production machines. The results
were amazing: a Commerce Dept.
official announced that sales dur-
ing the week-long exhibition had
amounted to $1,650,000, and that
total sales of the exhibited items
should reach $100-million during
the next year.

Future shows in Japan promise
to be even more attractive to over-
seas design engineers, for the
country’s electronic industries
have been growing at a fantastic
speed—more than twice as fast as
those of the U.S. and West Ger-
many, according to statistics over
a period of 10 years. This year’s
show attracted 170,000 visitors. mm
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TYPE BB 1/8 WATT

— —anR—

TYPECB 1/4 WATT

TYPE GB 1 WATT

After more than three decades and untold billions of
hot-molded resistors, Allen-Bradley has accumulated
manufacturing ‘‘know-how’” which cannot be
approached by anyone else. The fact that the resistors
made by A-B over the years—if placed side by side—
would more than reach to the moon and back, may be
impressive. But ‘““how’ they are made is the key.

Allen-Bradley resistors are produced by an exclusive
hot-molding technique—developed by A-B. They’re made
by completely automatic machines—also developed,
built, and used only by Allen-Bradley. The human ele-
ment of error is removed. Uniformity is so precise from
one resistor to the next—year in and year out—that

EC69-60A

QUALITY ELECTRONIC COMPONENTS

©Allen-Bradley Company, 1969

Allen-Bradley's experience in
resistor production reaches...

ALLEN-BRADLEY

TYPE HB 2 WATTS l=

A-B industrial grade hot-molded fixed resistors are
available in all standard resistance values and toler-
ances, plusvaluesabove and below standard limits. A-B
hot-molded resistors meet or exceed all applicable mili-
tary specifications including the new Established Re-
liability Specifications atthe S level. Shown actual size.

long-term resistor performance can be closely predicted.

The reputation for quality and performance established
by Allen-Bradley hot-molded resistors is reflected in the
fact that they have been an integral part of virtually
every U.S. space probe. And they are “on” the moon.
No other resistor applications demand a higher measure
of reliability.

For immediate delivery at factory prices, call your
authorized A-Bindustrial electronics distributor. Or write:
Marketing Department, Electronics Division, Allen-
Bradley Co., 1201 South Second St., Milwaukee, Wis.
53204. In Canada: Allen-Bradley Canada Limited. Export
Office: 1293 Broad Street, Bloomfield, N.J., U.S.A. 07003.
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Looking for a little jack?
How’s this for size?

PH

Actual Size

We've been making miniature jacks for over 10 years.

But this new one is half again as small as any horizontal
mounting type we've offered before. It accepts a 0.080"
diameter tip plug on either end and has a maximum current
capacity of 5 amperes. Operating voltage is 1500 volts RMS
at sea level, 350 at 50,000 feet. Contact resistance is less
than 2 milliohms. Capacitance between adjacent jacks is less
than 1 pF at 1 MHz. Comes in 10 colors meeting

Federal Standard #595.

Johnson makes hundreds of different jacks and plugs. ..
and carries most of them in stock for immediate delivery.
Or perhaps you have a unique need. Our engineers will
work it out for you. Just give us a call. Meanwhile,
return the coupon.

E. F. JOHNSON COMPANY/3310 Tenth Ave. S.W./Waseca, Minnesota 56093

[] Send me a sample of your new miniature jack and complete design details.

[ Send me information on your complete connector line and other
Johnson components.
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NEWS

Lightning detector
prevents explosions

An electronic lightning detector
designed to prevent premature
detonation of explosives stored at
demolition or construction sites
has been developed by the Eric
Bull Company of Oslo, Norway.
Despite safety precautions, such
detonations may be caused by high
currents induced in blasting-cap
wiring—even by atmospheric
static.

The device automatically flashes
green, white and red lamps to warn
of impending danger level—either
from increasing electric field in-
tensity or from approaching light-
ning. A large yellow lamp flashes
for each dangerously near strike.
The unit is about the size of a
traffic light, and is mounted near
where the blasting wires are
rigged. A warning bell or siren
can be attached.

Earlier detectors, according to
Bull, were either too complex or
too sensitive to be used outside of
the laboratory. Some were trigger-
ed by welding equipment or igni-
tion systems. Others warned of
lightning strikes only when they
were already too close.

The Norwegian detector, called
“Triple Lightning Sentry,” con-
sists of three parts: an electric
field detector, a detector preampli-
fier and a control-indicator unit. A
radioactive isotope ionizes the sur-
rounding air. When an electric
field is present, the ions flow in the
direction of the field and cause a
positive or negative current to be
induced in the field detector. The
current, usually 10-'2 to 10-®* amp,
is amplified and fed into threshold
detectors set for various danger
levels.

These preset levels are adjusted
according to the country that uses
the detector. There is no interna-
tional agreement as to what consti-
tutes a dangerous electric field con-
dition. Norwegian meteorologists,
for example, have measured fields
of 4 kV to 5 kV per meter at the
boundaries of cold-warm air weath-
er fronts.

The detector sells for about
$1500, a high price admits design-
er Bull, “but meaningless compargd
to loss of an arm or life.” mm
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Look into our new low level multiplexer.
It's good for your system.

Our DM40 solid-state differential multiplexer makes a great
front-end, with amplifier per channel performance. It accepts
analog signals from thermocouples, strain-gauges, resistance
bridges, transducers, amplifiers and the like. It has very low
noise and you don’t have to worry about acquisition errors
due to previous channel overload. The DM40 takes 128 input
lines and you can hook eight units together for a total of 1024
inputs. It multiplexes and amplifies each signal and transmits
it to your digitizer at a rate up to 10KHz. When you use it
with one of our controller-digitizers you can get 13 different
gain ranges.

In fact, the DM40 is even better when you get all your
system components from us. This way you can be sure they’ll
work as a system. No interface problems to solve, no missing
hardware to engineer. Our components are made to get
along together.

After all, they come from a good family.

DM40 Minispecs:

Input signals: From 2.5 millivolts full scale to 10 Volts
full scale.
Gain Accuracy:  0.02% between steps.
Linearity: 0.005%
Zero Stability: 1 microvolt rti +20 microvolts rto/°C.
Crosstalk: 120db
Common Mode
Rejection: 120db, DC; 100db, 60Hz.
Noise: 10 microvolts peak rti +100 microvolts

peak rto.
Write for complete specifications.

|

Xerox Data Systems
€l Segundo, California







e make
components for

guys who can
stand failures.

We make our capacitors
and resistors to perform like 40
million people were watching
in on the count down.

And we build an extra measure
of performance into all of them, to
let you make sure your equipment
delivers all you designed into it.
Because like you and the guys who
use your equipment, we can’t stand
failures either.

Take our glass capacitors, for
instance. There’s only one reason
why they’ve been designed into the
Surveyor, Minuteman, Gemini,
Apollo, Saturn, Titan, Syncom,
Sparrow, Hawk, and a number of
other major aerospace and missile
projects. With our glass capacitors,
circuit designers could get the
proven stability and reliability that
these important systems demanded.
ULS. Air Force tests have estab-
lished that our glass capacitors have
much better stability and much
higher insulation resistance than
ceramic and mica capacitors
can deliver.

And take our precision tin oxide
resistors. They’re the best of the
metal film class. Because the resistive
tin film is completely oxidized and
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molecularly bonded to the glass
substrate, our tin oxide resistors are
impervious to moisture and
environmental degradation. No
other resistor can deliver the same
stability and reliability over load
life. They offer guaranteed moisture
resistance across all ohmic values

to set a standard of reliability that
can’t be matched by metal film, wire
wounds, carbon comps or metal
glaze resistors. After a 56-day-long
heat test in an environment of
extremely high humidity, our tin
oxide resistors showed a resistance
change of just 0.2 per cent. And

in an ambient temperature test—
now in its ninth year—not one of
the 600 tin oxide resistors being
tested has exceeded a resistance
change of 1.5 per cent.

But don’t only think of Corning
for aerospace and other precision
applications. We’ve got something
to offer when economy and value
are the prime considerations. At
Corning we've been active in im-
proving these important capacitor
and resistor characteristics, too,

We’ve developed the Glass-K™
capacitor to give you the volumetric
efficiency and economy of mono-
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lithic ceramic capacitors, but with
the much improved stability and
reliability that only a glass
dielectric can add.

In resistors, our tin oxide re-
sistors already offer long term
economy over metal film, preci-
sion wire wound and metal glaze
resistors. And our new C3 resistors,
in addition to giving you a small
case size, compete costwise with
carbon comps.

At Corning we make com-
ponents for guys who can’t stand
failures. Guys like your most impor-
tant customers. Guys like you.

So, next time you’re designing a
system, reach for your CORNING®
capacitor and resistor catalogs and
call your local Corning authorized
distributor for off-the-shelf delivery.
They’ll help you design-in that
extra measure of performance.

If you don’t have our catalogs,
ask your Corning distributor for
copies or drop us a line at : Corning
Glass Works, Electronic Products
Division, Corning, New York 14830.

CORNING

BN B G TR A e
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't proud.

They'll talk to any TTL family:

To most DTL families, too.

Because Sylvania functional arrays
are designed to be compatible.

They use the same 5-volt power sup-
ply common to TTL circuitry. Their
input-output levels are the same as
SUHL I, SUHL II, 5400 and 7400N.

In short, you can use Sylvania func-
tional arrays without interface prob-
lems.

And you get other advantages by
using our arrays.

You get input/output buffering and
the high noise immunity common to
TTL circuitry.

You get the highest functional den-
sity at the lowest possible cost.

And you also get your choice from
one of the largest lines of arrays avail-
able in the industry.

Sylvania functional arrays are avail-
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able in military and commercial tem-
perature ranges.

If you want to talk to TTL systems,
talk to Sylvania first.

Sylvania Electronic Components,
Semiconductor Division, Woburn,

Massachusetts 01801.

GENERAL TELEPHONE & ELECTRONICS



Improved electronics sought

Advanced electronics create problems

No one questioned the Army’s need for more
versatile electronic systems last month

at the Association of the U. S. Army’s

annual meeting in Washington.

Stressing the future dependency of the
military in field operations on electronic
systems, Gen. W. C. Westmoreland, Army
Chief of Staff, said, “I see battlefields
or combat areas that are under 24-hour
real or near real-time surveillance of all
types” and “I see battlefields on which we
can destroy anything we locate through
instant communications and the almost
instantaneous application of highly
lethal firepower.”

Indicating other areas where effort may be
worthwhile, the former military commander in
Vietnam pointed out that in land operations
the ground forces have five recognized
functions, but have emphasized only

three: mobility, firepower, and command
and control. “To me, the other two—
‘intelligence and support—have not been
sufficiently stressed,” he declared.

In discussing the need for improvements Gen.
F. J. Chesarek, commander of the Army
Materiel Command, pointed out that one
improvement also calls for another: “The
proven high profitability of accurate heavy
firepower in a short time span on point
targets not only requires rapid-fire
weapons of a variety of calibers and range,
but also demands that priority be given

to improving our target acquisition
processes, which in turn requires a
parallel effort in automating the results
for better command and control.”

A first priority now emphasized by the
Army, said Chesarek, is “on improving and
integrating its means of surveillance,
target acquisition, and night observation—
the STANO program.” He stressed that
“the trend toward ever growing
sophistication and technical complexity
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Re ol lCHARLES D. LAFOND
WASHINGTON BUREAU

of the equipment must be constrained by
emphasizing design simplicity, to include
major emphasis on reliability and
maintainability.” To attain this, he

said, the Army must begin with
comprehensive planning during the very
early stages of development, must be
assured “that reliability and
maintainability requirements expressed in
requirements documents are achievable
within the current or projected state-of-
the-art.”

Marine research plan proposed

Five years is better than none—and a five-
yvear, $200-million expanded program for
marine research is what the Nixon
Administration proposed last month, after
studying guidelines for a 10-year national
oceanographic effort. The guidelines were
submitted by the Commission on Marine
Science, Engineering and Resources, last
January in a report called “Our Nation
and the Sea.”

The Administration policy statement—made
despite difficulties in obtaining R&D money
from Congress this year—is the first j
concrete proposal made since submission

of the report. The funding increase will

be sought for five research areas, with

the initial start of $30 million in fiscal
yvear 1971, according to Dr. Edward Wenk,
Jr., executive secretary of the Marine
Council. The Administration will seek
Congressional support of:

®» The International Decade of Ocean
Exploration, a co-operative program
to be supported by many nations
beginning in 1970.

s A broad arctic marine research effort
concentrating on potential pollution
problems resulting from commercial
petroleum, gas and mining
exploitations.
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Washington
nenor‘CONTINUED

= A pilot study of lake pollution,
cleanup, and control.

= A Jarge increase in oceanographic
laboratories along the three U.S.
coastlines.

= And a grant-in-aid program to help
states manage their coastlines
(ports, fisheries, waste disposal,
ete.)

Army defense weapon is Europe-bound

The first of the new low-level air defense
weapons, the Chaparral/Vulcan, reportedly
will be deployed in Europe during the
next few months. The weapons system, in
battalion strength, will provide an
immense concentration of fire power against
low-level aircraft.

The Chaparral is a modified Sidewinder
1-C air-to-air missile originally

developed by the Navy. Built by Philco,
the Army version will use only the infrared
homing head; according to informants, no
plans now exist for use of the replacement
radar head developed by Motorola.

The new weapon provides an effective range
of over 10 miles and is installed in

groups of four on a launcher atop an M548
cargo carrier. Its passive detector

provides input to a miniaturized computer
within the missile, which generates steering
commands to movable fins that use
proportional navigation techniques.

The companion 20-mm Vulcan automatic
gun operates like a Gatling gun at

3000 rounds per minute.

The Chaparral gunner uses an optical
sight and fires when the passive IR
detector locks onto the target. The
Vulcan gunner employs a lead-computing
sight and a range-only radar. A typical
battalion will use 24 Chaparral fire
units, 24 Vulean fire units, and 12
forward area alerting radars. The

latter provide target information by data
link to each fire unit.

Informants say that Philco has been working
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on an improved IR seeker and improved
movable fins and control system to obtain
faster directional response for the
Chaparral. The greatest weakness of the
weapon occurs when it’s launched

head on against an oncoming jet aircraft.
The engine-thrust radiation is not

clearly definable to the present IR head.

RCA fights to control Alaskan network

Some months ago, Radio Corp. of America
won the right to purchase for $28.4 million
the nonmilitary portion of the Alaska
Communications System, owned by the U.S.
government. As a part of its bid, RCA
noted its intention to spend an additional
$27.6 million for improvements and
expansion of the network, and also to
reduce customer telephone rates by over
30%. The company wants to supply

new telephone service to 124 outlying
towns; a wideband microwave system

to connect major cities with an earth station
the Communications Satellite Corp.

plans to build near Talkeetna, Alaska;

and the introduction of direct-distance
dialing.

Since then, however, a fight has
developed between RCA Alaska
Communications Inc. and three other firms
in seeking approval to build the three
critical microwave stations between
Anchorage and the planned satellite
communications ground terminal.

RCA claims an exclusive right for the
development of all communications
associated with the Alaskan network. The
firm argues that the building of this
microwave link was an important
consideration in its bid to purchase the
network. The link will cover nearly a
90-mile span and cost about $400,000, but
it will handle 120 satellite circuits
initially and thus will become a source

of high revenue.

The Communications Satellite Corp.,
Matanuska Telephone Assoc., Inc., and
Western Union International have
petitioned the FCC to authorize building
of the link through a consortium
consisting of the four interested firms.

The FCC has indicated that formal hearings
might be held to solve the conflict, but
insiders here believe the White House

agrees with RCA and might quietly intercede
in that firm’s favor.
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" KG/A SERIES
~~ Super capacitance polar
(Circle 146)

KG/J SERIES
150°C polar
(Circle 147)

/

KG/Z SERIES
Ultra-miniature polar

p ML

KG/N SERIES \ N\

Compact non-polar ™
(Circle 149) ‘\

(Circle 148)

KG/F SERIES
Hermetic rectangular plug-in
(Circle 150)

OVER SEVEN BILLION PARTS HOURS OF TEST DATA
PROVE KEMET KG HIGH RELIABILITY REQUIREMENTS
FAR EXCEED ANY APPLICABLE MIL SPEC.....

...and we’ve expanded the line!

Now your high reliability choice is even wider ...
from the only line with separate KG high relia-
bility production and testing facilities.

Every KG capacitor is 100% tested for temper-
ature cycling, grading (life test), leakage, capaci-
tance, dissipation factor, x-ray, seal test, and
visual and mechanical. Fourteen additional tests
are performed periodically.

Life test data is fed into our computerized

Automatic Failure Detection system. When you
receive a shipment of KG capacitors the exact
failure rate has previously been established, and
you receive copies of the test data to prove it.

And performance? Failure rates as low as .0001%
per 1,000 hours. Shock capability of 10,000G at
0.2 milliseconds. Peak vibration to 100G at 2,000
Hz, if required. Leak rates as low as 1 X 108 Atm.
cc/sec. J series capacitors available at 150°C or
as low as —196°C for cryogenic applications.

Call your Regional Sales Office today for complete information.

NEW ENGLAND: 300 First Avenue, Needham Heights, Mass. 02194 Tel.: (617) 444-5400 TWX: 710-325-1329@
MID-ATLAN]IC: Tarrytown Technical Center, Electronics Division, Tarrytown, New York 10591 Tel.: (914)
592-9300 ® CENTRAL: 120 So. Riverside Plaza, Chicago, lll. 60606 Tel.: (312) 822-7022 TWX: 312-222-0491@
11901 Madison Avenue, Cleveland, Ohio 44101 Tel.: (216) 221-0600 TWX: 810-421-8494 ® WESTERN: 13601
E. Whittier Blvd., Whittier, Calif. 90605 Tel.: (213) 698-8077 TWX: 910-586-1342 ® 2680 Bayshore Frontage
Road, Mountain View, Calif. 94040 Tel.: (415) 969-9390 TWX: 910-379-6444

MATERIALS SYSTEMS DIVISION
COMPONENTS DEPARTMENT

P.0. Box 5928, Greenville, South Carolina 29606 - Tel: (803) 963-7421/TWX: 810-287-2536

UNION
CARBIDE

KEMET — No. 1 in Reliability

THE DISCOVERY COMPANY




YOUR LOGICAL

KEYBOARD CHOICES
HAVE JUST BEEN

The one built around the
most reliable and least
expensive switching
element ever developed:
“If you’re using magnetic
cores in your computer
memory, why should you
settle for anything less
on your keyboard?”
Now, with the Series 550
Keyboard from Licon,
you needn’t settle for
anything less.

Unlimited configurations
at very limited cost: To
put it simply, we can put
a key station wherever
you put a hole. You can
design a completely
custom keyboard.

Contact bounce is gone
forever —you can adapt
the Series 550 to your
equipment with no
special circuitry.

NARROWED TO ONE.

Virtually infinite life
cycle: No mechanical
linkages to wear out; no
multi-connection chips
to malfunction. Now you
can have the near total
reliability of magnetic
core switching in a
completely solid state
keyboard.




Fast easy way to go
electronic: You can add
our keyboard to your
system (regardless of its
type or coding or present
keyboard configuration)
with little more involved
than changing
connections.

Completely modular key
elements adapt to any
coding. If you ever want
to change your original
codes, you don’t have to
select new key elements.

Smile when you discover
the price. You can order
the splendidly simple,
completely solid state
Licon Series 550
Keyboard, have it
arranged and coded to
your specific design. Tell
us what you need —and
how soon you want it.
You’ll keep the smile.
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Now, the only logical
choice:

Licon®

Division Illinois
Tool Works, Inc.
6615 W. Irving Park Rd.
Chicago, Illinois 60634
Phone (312) 282-4040
Or send for free
brochure.

LICON * *
SERIES #4k
S50 Fk Ak
KEYBOARD

I'TW Licon Precision Switches
ITW Paktron Film Capacitors
I'TW Electromaterial Multi-Layer
Ceramic Capacitors




SIDELIGHTS

The new boy on the block

The impact of
microelectronic ad-
vances (ICs, medi-
um-scale integra-
tion, large-scale
integration) an d
the rise of comput-

q :g er-aided design are
r 3 . constantly broaden-
‘ o . "W ing the field of sys-

Charles G. Marrara- tems engineering.
And to keep pace,

we've added a new man to the staff—ELECTRONIC DE-
SIGN’s first systems editor, Charles G. Marrara. We
think you’ll find he talks your language. Charlie’s career
has included work on torque-stabilized camera platforms
for aircraft, as principal engineer at Fairchild Camera
and Instrument Co. and at Aeroflex Laboratories, and
also a stint as project engineer on MK III SINS (Ship’s
Inertial Navigation System) at Sperry Gyroscope Co.—
all on Long Island, N. Y.

Marrara earned his BSEE at the University of
Buffalo, N. Y., and his MSEE at Polytechnic Institute
of Brooklyn in New York City.

Keep an eye on him.

Three men and a CRT in a tent

There are times, Technical Editor Milt Lowenstein
has decided, when magazine work can be suffocating.
Such a time cropped up when he faced the prospect of
helping to photograph the face of a large cathode-ray
tube to illustrate his picture story on graphic ECAP
(Electronic Circuit Analysis Program), p. C20. A
graphic terminal had to be photographed, and to elimi-
nate reflections from the tube face, it was necessary to
envelop the operating end of the terminal in a tent of
old tarpaulins, propped up with makeshift poles and held
together with masking tape. The inhabitants of this
tepee were a programmer, a photographer with a
camera on a tripod—and Milt. As the minutes inside
stretched into hours, the oxygen supply sagged while the
temperature soared. Black spots began to appear—before
the human lenses, not the camera’s, thank goodness.
Everybody made it out alive ultimately, and we hope
you’ll agree the story was worth the effort.

Milt’s picture story is the second part of his special
report on computer-aided design programs, which begins
on p. C8.

Further computer news is contained in a story by
David Kaye on the Fall Joint Computer Conference, to
be held Nov. 18-20 in Las Vegas. ELECTRONIC DESIGN
will have two editors at the conference—Managing
Editor Frank Egan and Milt Lowenstein.
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“My neck
might save
your heart!”

High blood pressure causes
strokes and contributes to heart
attack in man. But giraffes aren’t
hurt by the sky-high pressure
pushing blood up their 10 feet of
neck. Why? Medical scientists are
searching for this and many other
life-saving answers through re-
search you make possible with
your Heart Fund dollars.

GIVE...

so more will live\Y/

HEART FUND

Photo courtesy World Health Organization
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Pick the perfect

tuning diode for your design
from this selection of

118 standard types.

One of Motorola’s 118 EPICAP* Tuning
Diodes probably fits your requirements better
than any other electronic or mechanical device
you may be designing with now. Sure, there
may be a few applications where bulky mechan-
ical types are still needed, but you’ll find the
flexibility and simplicity of diode tuning will
be more appealing for most designs.

We want to help, so we made up the EPICAP
Tuning Diode Selector Guide to show Q, TR,
and nominal capacitance for each device, and
working voltage, package type, and line high-
lights by series. Send for it.

Motorola EPICAP Tuning Diodes range from
high-production-volume, low-cost plastic AFC
diodes like the MV2201 to the epitome of qual-
ity and performance for the most exacting

*Trademark of Motorola

~ whene the priceloss ingredient & cane!

we'll help. ¢°| \

commercial and military communications appli-
cations like the premium 1N5461A or 1N5139.
Most are abrupt junction diodes, but some,
like MV1401, are the hyper-abrupt junction
types needed for applications involving tuning
over a wide frequency range. Nominal capaci-
tance values from 1.0 pF to 550 pF are covered,
and maximum working voltage ranges from
12V to 60 V. Package variations include ce-
ramic, plastic, and two different glass cases.

Motorola’s tuning diode facilities are geared
for volume production and quick turn-around
to assure fast delivery on any quantity large or
small. For information contact your Motorola
Sales Office or Distributor. Or write: Motorola
Semiconductor Products Inc. P. O. Box 20912,
Phoenix, Arizona 85036.

MOTOROLA

EPICAP Tuning Diodes
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Why Picker X-Ray tests circuit boards
with the Teradyne J259

Most people know Teradyne’s
J259 as an IC test system. Which is not
surprising, since it won its campaign
ribbons on IC production lines and in
|C incoming-inspection departments.

Note, however, that the J259’s of-
ficial name is “Computer-Operated
Circuit Test System.” Nothing in that
name says the circuits have to be inte-
grated. An important point, which was
not lost on engineers at Picker X-Ray.

| i

Picker uses its J259 to test circuit
boards going into x-ray generators. The
J259 whips through the 70 or 80 tests
required on a board in a split second,
automatically typing out the results of
any test that is failed. Test data on a re-
jected board then accompanies the
board totrouble-shooting, where atech-
nician refers to his copy of the test pro-
gram and keys the failed test to the bad
component or connection.

Picker tests more than 50 different
boards with the J259. What does Picker
like most about the system?

Its efficiency. Only with an auto-
matic system is it economically and
humanly practical to test all the boards
allthetime.

Its strong software. The “datalog
rejects only” mode used so profitably
by Picker is only one of dozens of fea-

tures included in Teradyne’s library of
software packages for classification,
datalogging, and evaluation.

Its device-protective and self-pro-
tective circuits and software. Picker
wanted absolute protection of both
boards and test instrumentation.

: -~

TERAINVNE

lts reliability. Picker will not take
chances with its boards. An undetected
bad board can destroy an $1800 x-ray
tube. The J259, like all Teradyne test
equipment, is designed and built to
make accurate measurements in in-
dustrial environments for many, many
years.

lts provisions for the addition of
special-purpose accessories. Picker
uses the J259's unique Network Se-
lector, for example, to interconnect a
constant-current source consisting of
a simple network of current-limiting
diodes.

) L&

SrvEEPERANEACY

vvvvvvv

Teradyne’s J259 makes sense to
Picker X-Ray. If you're in the business
of testing circuits — integrated or other-
wise — it makes sense to find out more
about the J259.Just use readerservice
card or write to Teradyne,183 Essex St.
Boston, Mass. 02111.

Teradyne makes sense.
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EDITORIAL

Why not join the
computer revolution?

The time has come for every electronic design engineer to link
up with a design partner—the digital computer. The revolution in
design techniques based on use of the computer is now well
advanced.

Unfortunately many electronic engineers haven’t yet accepted
this. They haven’t bothered to learn to program the machines, and,
as a result, technology is beginning to pass them by. But it isn’t
too late. Those who have not yet learned programming have a
second chance. There are computer design programs that anyone
can use, because the programming has been done by someone else.
These can introduce engineers to the computer terminal (see Special
Report beginning on page C8).

The use of such design programs can simplify the solution of
many common electronic problems and can save considerable time.
More important, the familiarity that the engineer gains by inter-
acting with a computer terminal can build the confidence necessary
to stimulate his learning of formal programming.

Once a designer becomes fully adept at the computer terminal
many benefits acerue to him and to his company. He finds that the
time he can save in performing routine calculations allows him to
give more thought to the conceptual aspects of his designs. (A com-
puter can’t develop new concepts. This is one area where the de-
signer is still supreme.)

The computer can also remove many of the job irritants that
occur all too frequently in engineering. Who hasn’t had to check
wire lists and cabling interconnections? With the repetitive abilities
of the computer at hand, these tedious tasks need never again be
performed by engineers.

Each generation has added to the dimensions of education. Once,
all that was required was a knowledge of Latin and Greek. Soon,
the ability to use a computer will be another mark of the educated
man. In a very few years, time-shared terminals will be as familiar
in engineering offices as slide rules are now. When that day arrives,
you must be prepared to partcipate.

No revolution is painless, and learning a new skill can hurt. In
this case, there is no alternative. You must be able to program to
survive,

You can’t lick ’em. Why not join ’em?

MiLTON J. LOWENSTEIN

sS4l



dutomate

Unique Gardner-Denver Grid-Drill

drills electronic circuit boards
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 cycle.
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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How to save

on relays

A quotation from Line Add these values together
Electric includes lots of and you get all-round
values that add to the total savings on your relay

purchases. Not to mention
the headaches you can avoid.
Won’t you check us out
and see how much better
you can do at Line? Send for
free copy of our new 1969
catalogue containing all the
most frequently used indus-
trial type

relays. We
guarantee

savings possible.

O Line makes on-time you’ll learn

deliveries to meet your something

production line schedules. to your

O Line offers excellent advantage.

engineering help free. Ina hurr , call (201)

00 Line maintains the highest 887-8200 and ask for Relay
manufacturing standards in Sales Manager. We like to
the industry do business by phone.

LINE ELECTRIC COMPANY, U.S. Highway 287, Parsippany, N.J.

Manufacturers of relays and the best service in the business.
SUBSIDIARY OF THE SINGER COMPANY

INFORMATION RETRIEVAL NUMBER 30
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ace-saving

trimmers

epaaile

DIP construction matches 1C
size. Cuts assembly costs.

5/16-in. doubles performance of 1/4-in.
trimmer — cuts cost almost in half.

These new IRC precision trimmers in dual-in-line
packages simplify PC board layout. Only
.200-in. high, their pin spacing is the same

as the TO-116 size integrated circuit. It is fully
compatible with high-speed automatic

inserting equipment.

Pin spacing of these IRC 34¢-in. square trimmers
matches the Y4-in. square unit. Only .031-in.
larger on each side, they can cut your

cost almost in half and give you three times

the power rating of the 1-in. and 409,

better resolution.

Both DIP and ¥e-in. are available with precision wirewound and infinite resolution Metal Glaze
elements. All units are fully sealed and impervious to common industrial solvents because of a
silicone rubber shaft seal and epoxy bonding at all seams.

These units, like all IRC Metal Glaze trimmers, have a maximum guaranteed TC of + 150ppm/°C
over the entire resistance range, with typical TC being & 100ppm/°C, and at no added cost. For
complete technical information and prices, contact your IRC Industrial Distributor or write
IRC St. Petersburg Division of TRW INC., 2801 72nd St., North, St. Petersburg, Florida 33733.

DIVISION OF TRW INC.

INFORMATION RETRIEVAL NUMBER 31
ELECTRONIC DESIGN 23, November 8, 1969 55




B160A DICITAL MULTIMETER

NI FUNCTION i

rowi |

‘Q oapa d SAOFF (A VOLIS BC VLIS XD L |

1608 | ONOFF |




L2, oid | 83007 DIGITAL VOLTMETER

POWER
PUsH 0N OIF

SAMPLE RATE

e

nwnl 1

|
|

FUNCTION-

|

T1} 117}

(PR TE LI

IiRO

INPUT 13 SENSE




Big Jackpot in Connector
Strain Relief

GLENAIRS NEW Qwik_.T,

THE BIGGEST PAYOFF YET
FOR CONNECTOR USERS

INSTALLED COST — DOWN

A ‘lode’ of installed cost saving with Qwik-
Ty. Reduces assembly time up to 12 to 1
over conventional cable-clamping methods.

WEIGHT SAVING — UP

SLIM-LINE Qwik-Ty's weigh as much as
50% less than standard MS clamps. Addi-
tional FAT TRIMMING is achieved by elimi-
nating wrapping tape used in present cable
clamp installations.

HOW IT WORKS

No more wrapping the wires to make the
bundle fit the I.D. of the clamp. Simply
wrap a tie strap or lacing cord around
Qwik-Ty's arm and wires are snug and
tight . . . IN SECONDS.

EASY MAINTENANCE TOO

For quick access to wires . . . cut the
strap or cord, perform wire or connector
maintenance, then tie off again. It's that
easy.

Available for connectors | Qwik-Ty Series
MIL-C-26482 GTROO
MIL-C-26500 GTRO1
MIL-C-27599 GTRO4
MIL-C-38300 GTRO1
MIL-C-38999 GTRO4
MIL-C-81511 GTRO3
NAS-1599 GTRO2

and others

*Patents Pending
Call or write for demonstration and literature . . . today. It'll pa

GLENAIR, INC.

1211 Air Way, Glendale, California 91201
Phone (213) 247-6000, TWX 910-497-2066

INFORMATION RETRIEVAL NUMBER 45
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TRIMPOT®

ﬁ> ,/
~

We think “superb” is just the right word when we
talk about Trimpot single-turn potentiometers.
They have outstanding specifications. For instance,
our 8 single-turn models range in diameter from
Va” to %2”; have wirewound, cermet or carbon
elements; cover the temperature range from —55
to 4-175°C; are available in resistance ranges
from 10 ohms to 1 megohm; and have a power
rating from 0.25 watt to 1.0 watt.

® ... ARE SUPERB!!

® -

Technically, that says a lot for our single-turns.
But there’s more. There's a Bourns unit to answer
every single-turn application . . . competitively
priced . . . ready for immediate delivery from
factory or distributor stocks.

Find out the entire single-turn story from the
factory, your local stocking Bourns distributor, or
field representative.

BOURNS, INC., TRIMPOT PRODUCTS DIVISION « 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507




With these
resistance
meters...

it

you can go to extremes.

Use the HP 4329A High Resistance Meter for high-
voltage components, leakage current, testing insula-
tion qualities of PC boards and materials used in
switches and relays—or use it as a picoammeter.

At the ogposite extreme, use the 4328A Milliohmmeter
for contact resistance, trouble-shooting grounds, semi-
conductor junction or contact lead bond quality.

The compact, solid-state 4329A has a resistance range
from 5x 105 ohms to 2 x 1016 ohms, with selectable test
voltages from 10 to 1000 volts. Lighted range and
scale indicators afford fast, accurate readings. Analog
output. Price: $750; model 16008A Resistivity Cell for
volume and surface resistivities, $200.

The 4328A gives you 20 microohm sensitivity from 100

ohms down to the milliohm range. It has a built-in
phase discriminator for making precise measurements

on samples with series reactance up to twice their
resistance values. And each probe combines both cur-
rent drive and voltage sensing. At only seven pounds,
it's a convenient package for either field or production
line. Price: $450; with option 01, internal rechargeable
battery, $475.

Call your local HP field engineer for the details, or write
Hewlett-Packard, Palo Alto, California 94304; Europe:
1217 Meyrin-Geneva, Switzerland.

[

HEWLETT ih

 PACKARD

RESISTANCE METERS

18903
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The older it gets
the more you'll
appreciate if.

Victoreen now makes resistors which can work . . .
and work . . . and never tire under the load. Or,
they can sit . .. and sit . . . and never tire waiting
around. We call them Mastermox — metal oxide
glaze resistors.

When called upon to work, the stability of a
Mastermox allows as little as 19, drift under full
load in 2000 hours — with more than 40 watts
power dissipation per cubic inch. On the shelf,
Mastermox resistors' metal oxide glaze structure
permits less than 0.1, drift per year.

Try Mastermox resistors. No permanent effect
from voltage and temperature cycling. High re-
sistance range accuracy — |0K ohms to 10,000
Megohms. Precision as good as £0.5%,.

VICTOREEN INSTRUMENT DIVISION

10101 WOODLAND AVENUE - CLEVELAND, OHIO 44104
EUROPE: ARNDALE HOUSE. THE PRECINCT, EGHAM, SURREY, ENGLAND « TEL: EGHAM 4887

Mastermox. Even the old ones are new ones.

Power *Max.

Resistance Rating Oper. Length Diameter
Model Range @ 70°C Volts Inches Inches
MOX-400 1 - 2500 megs 25W 1,000V .420+4.050  .130%.010
MOX-750 1 - 5000 megs 50w 2,000V .790+.050  .130+.010
MOX-1125 1 - 10000 megs 1.00W 5,000V 1.1754+.060  .130+.010
MOX-1 10K - 500 megs 2.50W 7,500V 1.062+.060 .284+.010
MOX-2 20K - 1000 megs 5.00W 15,000V 2.062+.060 .284+.010
MOX-3 30K - 1500 megs 7.50W 22,500V 3.062+.060 .284+.010
MOX-4 40K - 2000 megs 10.00W 30,000V 4.062+.060 .284+.010
MOX-5 50K - 2500 megs 12.50W 37,500V  5.062+.060 .284+.010

*Applicable above critical resistance. Maximum operating temperature,
220°C. Encapsulation: Si Conformal. Additional technical data in folder form
available upon request. Or telephone: (216) 795-8200.

mastern

VICTOREEN
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Signal Generators...

here’s the one
that replaces
them all..........." .

FREQUENCY

The New SG-1000 outperforms
all other signal generators from LF to UHF
(singly or in combination)

The new Model SG-1000 Signal
Generator has obsoleted all others
within its frequency range . . . singly
or in combination. The specifications
of this 5'/4” high instrument are
unequalled ... and are rarely
approached.

B LF to UHF coverage...61 kHz, to
512 MHz, extendable to 1024 MHz
with simple passive doubler

B Output frequency is read directly
on three digit display with two
digit extension

B Unsurpassed frequency accuracy
and resolution . . . typically
0.005% . . . without the
commonplace problems of human
error in readout.

B Unparalleled modulation
capability, AM, FM, pulse, video
(100 MHz bandwidth!) ...

* Hewlett-Packard Models 608F, 606A and 5245L/52538./ Marconi Model 1066B/6, Pin Diode Modulator, Coaxial Switch

62

simultaneous combinations such
as AM/FM, FM/pulse, etc. with
negligible interaction

B Automatic leveling. .. within
+0.25 dB over entire frequency
range from 420 dBm to
—146 dBm

B Doubles as a frequency counter
for measuring external signals
between 100 Hz and 2 MHz

And if you are still not convinced that
the Model SG-1000 has obsoleted
most of your present signal
generating equipment, consider the
fact that its spectral purity
approaches that of a crystal
oscillator . . . that it has negligible
warm-up drift...no “settling time”
after band switching . ..and many
other performance features not found
in ordinary generators.

INFORMATION RETRIEVAL NUMBER 49

For additional technical information,
or for Singer's new Application/Data
Bulletin SG-10, contact your nearest
Singer Field Representative or write
directly to The Singer Company,
Instrumentation Division, 915
Pembroke Street, Bridgeport, Conn.
06608. (203) 366-3201. In Europe
contact: The Singer Company,
Instrumentation Division,

P.O. Box 301, 8034 Zurich,
Switzerland, Telephone: (051)

47 25 10

SINGER

INSTRUMENTATION
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2 so ON THE THIRD GO-AROUND WE
HAD A CIRCUIT OUR SUPPLIER SAID
HE COULD MAKE BECAUSE THEY

> |\ WERE GETTING THIS NEW
" ) EQUIPMENT...

ONLY IT DIDNT TEST TOO WELL BUT
THEY COULD FIX THAT WITH SOME
NEW STUFF THEY WERE

GETTING...
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AND WITH THEIR. EXPANSION PROGRAM
THEY'D SOON HAVE CAPACITY TO MAKE
ENOUGH CIRCUITS IN TIME FOR
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THATS WHAT THEY SAID...

SO, I'M CELEBRATING THAT
ALONG WITH MY
THIRTY-THIRD BIRTHDAY.,

Aerojet microcircuits solve problems. First time around.

We've already done our homework on our own in-house
program. Seven years of it. And we've already invested
our own money in the most advanced, automated equip-
ment. Millions of dollars worth. So when we say were
ready to tackle your problems in thin-film microcircuits
...we're really ready.

The benefits to you start immediately because you don’t
need to compromise your design. Aercjet thin-film cir-
cuits can be built to meet an incredible range of specifica-
tions. We know components and can offer you many that
are unobtainable elsewhere because we developed them
ourselves. You get exactly what you need. Fast.

It’s in actual production that Aerojet’s invest-
ment in ahead-of-the-field equipment pays off.
We're automated to the highest possible degree.
This gives us big advantages in precision, speed
and constant traceability. Defects get caught
early. And costs come down. And schedules are
met! For example, the largest of our six vacuum

AEROJET

deposition chambers can produce 10,000 circuits in a
single production cycle. Automated machines and com-
puters can test 100 circuits in less than a minute . . . meas-
uring and storing component values. A computer “knows”
each individual circuit and can trace it through the entire
process.

But there’s much more. You almost need to see it to
believe it (by all means come and take a look or ask to
see our movie).

Aerojet’s aerospace projects demand the utmost in reli-
able, sophisticated microcircuit technology. We can apply
our experience to your problems...in depth, in quantity
and at highly competitive prices.

So get us involved early and get results the first
time around. Contact the Aerojet field office in
your area, or: Aerojet Microefectronics, Elec-
tronics Division, 1100 West Hollyvale Street,
Azusa, California 91702. Phone (213) 334-6211,
Extension 6561.

INFORMATION RETRIEVAL NUMBER 50
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The
Choice

ISTTL.

Now, an MSI
dual uad latch
that won't break the bank...

SN54100/SN74100

$742 from TI—your first source for TTL.

If the cost of temporarily storing 8 bits
is more than you really like to pay,
then TI’'s new MSI dual quad latches
(SN54100/SN74100) will please you.
Forexample,the SN74100N, in 100-999
quantities, is a cost-conscious $7.42.
These new MSI functions combine two
independent quadruple latches in a sin-
gle, 24-pin dual-in-line plastic package.
Typical power dissipation is 40 mW per
latch. And the SN54100/SN74100 are
fully compatible with TI's other TTL

TTL

Integrated Circuits Catalog
from Texas Instruments

and DTL integrated circuits.

As attractive as the price is, you’ll
want more details before you buy. Our
new 424-page TTL catalog contains a
data sheet on these dual quad latches as
well as sheets on all TI Series 54/74
circuits. Circle 110 on the Reader Serv-
ice Card, or write Texas Instruments

Incorporated, P. O. Box 5012, o
M.S. 308, Dallas, Texas 75222. ﬁ
Or call your authorized TI
Distributor.

TEXAS INSTRUMENTS

INCORPORATED






S00 CHARACTERS
PER SECOND

‘

¢ High reliability

e Stop on a character

MARK V

) data-peadep

TAPE READERS

Speed, reliability and economy are combined in Datascan’s

new paper tape reader to offer you more value than present-

ly available. Photo-electric sensing and capstan drive assure long trouble

free life and a heavy-duty casting provides di-
mensional stability. And it's bi-directional, too.

Datascan’s 7 years of experience has led to a
most reliable series of tape readers for use in
the most caustic environments such as found in
the Graphic Arts and machine tool industries.

Interfaces available for all small computers.

*Consists of a readhead assembly, control electronics and power supply.

See our new Spooler too at Booth 7415 FJCC

Datascan

DATASCAN, INC. e

1111 Paulison Avenue, Clifton, N. J. 07013 e  Telephone 201-478-2800

Write for new
brochure.

INFORMATION RETRIEVAL NUMBER 181

- Call or Write for
Demonstration

NORTHERN N.J., MET. N.Y.C.
MALOY-STAGNITTI & CO., INC.
4 Horizon Road

Fort Lee, N.J. 07024
201-224-6911

MAINE, VERMONT, NEW HAMPSHIRE,
MASS., CONN,, R.l.,, N.Y. STATE
DANER-BUCHLER, INC.

684 Commonwealth Avenue

Newton Centre, Mass. 02159
617-969-4650 or

Rochester, N.Y.
716-232-5100

S. N.J,, E. PA,, MARYLAND,
DELAWARE, N. VIRGINIA
Eastern Instrumentation
613 Cheltenham Avenue
Philadelphia, Pa. 19126
215-927-6269 or

1002 Ingleside Avenue
Baltimore, Md. 21228
301-744-3675 or

2600 Virginia Avenue NW
Washington, D.C. 20037
202-333-8880

W. PA., W. VA,, W. MD.
Russell F. Clark Company
10517 Lindberg Avenue
Pittsburgh, Pa. 15235
412-242-9500

N.C., S.C., TENN,, GA,,
ALABAMA, MISS., FLA,, S. VA.
Lee Associates, Inc.

200 E. Marks Street

Orlando, Florida 32803
305-241-4445

OHIO, KENTUCKY, INDIANA
A.C. Wahl & Assoc., Inc.
135 Williams Avenue
Lockland, Ohio 45215
513-821-3270

MICHIGAN

Anderson Electronics, Inc.
30785 Grand River Avenue
Farmington, Michigan 48024
313-476-9161

OKLAHOMA, LOUISIANA, ARK., TEXAS
Preceptron, Inc.

11422 Harry Hines Blvd.

Dallas, Texas 75229

214-241-3143 or

P.0. Box 12064

Houston, Texas 77017

713-488-5435

CALIFORNIA, NEVADA

B. J. Wolfe Enterprises

10760 Burbank Blvd.

N. Hollywood, Calif. 91601
213-877-5518 or

10601 S. Saratoga-Sunnyvale Road
Cupertino, Calif. 95014
408-252-5010

S. IDAHO, WYOMING, UTAH, ARIZONA,
COLORADO, NEW MEXICO

Cropley, Inc.

1523 E. Easter Circle

Littleton, Colorado 80120
303-794-4231

WASHINGTON, OREGON, N. IDAHO
McLaren-Topp Co., Inc.

13547 S. E. 26th.

Bellevue, Washington 98004
206-746-5750

ILL., WISC., MINN., IOWA,
N. DAKOTA, S. DAKOTA
Data Electronics Co., Inc.
5505 N. Menard Avenue
Chicago, IIl. 60630
312-774-1452 or

8633 Harrison Circle

P.0. Box 20081
Minneapolis, Minn. 55431
612-881-6386 or

P.O. Box 979

Milwaukee, Wisconsin 53201
414-645-1550
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1969 Fall Joint
Computer Conference

by Milton J. Lowenstein, Technical Editor

For design, the program is the thing. Circuit analysis, ana-
log simulation and logic simplification programs are exam-
ples of the design aids nowavailable .............................. C8

Visualize a new design graphically. Interactive ECAP de-
signs a circuit on a graphic terminal. Photographs show the
sequence of operations ...l C20

X-Y recording system uses novel two-axis linear motor to
boost throughput 100times ........................................ C38

Desktop impact line printer, a mini-computer peripheral,
writes 120 linesperminute............................, C40

Modular self-encoding keyboard cuts single-unit costs
OWN IO B2 DO PErKBY ... . i iinns i irissne s ssimmnnnsesess C42

Cover photo: Courtesy of IBM Corp., White Plains, N.Y.
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With a little

The new Bit 483 mini computer is not lucky. It's a machine with about as much daring
as a hammer.

We designed quiet, dull reliability into the soul of our new 483.

And then we started stamping out that soul like cookies. If anything was a gamble, that was.
But then, a guy named Ford kind of took the initial risks on mass-production.

He showed that mass-producing something like the 483 would allow us to deliver the 483
yesterday. And that producing in volume would allow us to discount the price.

Putting your money on the 483 means putting your money on a general purpose




Bit of luck.

digital computer with proven design performance and unparalleled problem solving
capability. BYTE orientation. Variable word length. Cycle stealing data channel.

350 nanosecond memory access time. Binary and decimal arithmetic. Priority interrupt.
And a complete line of I/ O options.

That makes the 483 the cost/performance leader in the mini computer field.
And we're making it the best serviced computer in any field.

Frankly, the kind of people who take a chance on the 483 are the

kind of devil-may-care people who take a chance on t.v. sets,

the horseless carriage and peanut butter in the jar. INFORMATION RETRIEVAL NUMBER 182
BIT, INCORPORATED

5 Strathmore Road
Visit us at FJCC booth 6304-6 Natick, Mass. 01760
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e Drastically smaller, lighter, cooler, more SINGLE OUTPUT \
7 i1hie = seivine todayle il iaton e - e \
- B - 3VDC 20A SP607
ff — 60-90% depend
. mggef iciency — 60-90% pending on 4VDGC 207 SPG0S I \
100 watt output — maintains full regulated 5vVDC 20A SP601 f
power from —20 to +71°C ambient — no 6VDC 17A S SP602
derating or heat sink. 7VDC 15A s SP609
e Ripple & noise (including all spikes) 50 MV 10VDC 10A o= SP603
P-P — input and output meet MIL-1-6181. 12vDC 9A 4 SP610
e Maintains Eegulated output power at rated 15VDC 7A g:‘ SP604
Lligpé%atd for 30 MSEC after AC power 22VDC 5A ;r? SP605
e Over-voltage crowbar and self recovering SOVDC A8 é z SP606
gver-cturrent protection. DUAL OUTPUT % =3
e Remote sensing. 23
« Can be mounted on 3 sides. =7VDC /.54 = SPO1l I
« Input power 105-125VAC, 47-500 Hz. £10VDC__ 5A @ SP612
e Designed for both military and industrial +12VDC _ 4.5A SP615
applications. +15VDC  3.5A SP613
e All models $400 each. +22VDC  2.5A SP614 I
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This 5V/20A power supply saves you

more space than we can show
on these two pages.

trio/labs’ 100 Watt Switching Regulator Power Supplies

setting new standards for high efficiency, low noise, computer/military applications
Trio Laboratories, Inc., 80 Dupont Street, Plainview, L. |., N. Y. 11803. Tel: (516) 681-0400. TWX: (510) 221-1861.
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Many engineers are refusing to use a computer
in their design work because they think they
must learn a software language, like BASIC or
FORTRAN, before they can operate the machine.
That’s too bad—for them. Because it’s possible
today to design with a computer without the
slightest knowledge of how to write a program.

It’s even possible to change the design—im-
prove it—as the engineer and computer work
together.

This is all being made possible by prepared
programs on interactive terminals. These pro-
grams cover the design of circuits and analog
and digital systems, and they are available com-
mercially through a wide selection of time-sharing
services. None requires more than the entering
of data according to a set of very simple rules.
The results are presented immediately for inter-
pretation by the designer. The interactive fea-
ture makes it possible to refine the results by
running the problem a second time with improved
data inputs.

Once a terminal is available to the designer,
all he has to do is choose the applicable program
and begin to solve his problem. For circuit prob-
lems, he might want to use ECAP or one of its
descendants, like ACNET$ or RECAL. Or he
might want to use the unique features of NASAP.
If he is dealing with analog systems that re-
quire time-domain solutions, he can make use of
one of the CSMP family of programs. Programs
are also available to reduce the labor of simplify-
ing digital system operation.

Few electronic design engineers have access
to large, batch-process computers. Even if they
did, it would do them little good, because of the
tentative nature of engineering design in its early
stages. But look what happens with interactive
on-line programming :

The engineer still does the creative work; the
machine does the routine work. Together they
solve problems that up to just a few years ago
were considered impossible because of their com-
plexity. Complete solutions are possible for multi-
loop networks, cascaded amplifiers of many
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stages and nonlinear control systems in the
time domain. Formerly computational labor
involved in solving these problems was so great
that approximations were made on paper and the
designs proved out on breadboards. With inter-
active on-line computation, a great deal of bread-
boarding is eliminated.

The design programs available not only help
solve many engineering design problems, there
is a side benefit: They bring to the computer
terminal many previously reluctant engineers
who are thus introduced to machine computation
painlessly. They become aware of the advantages
of the technique, and this whets their appetite
to learn conventional programming. In fact,
many of the prepared design programs can be
made more versatile by the use of subroutines
written by the user.

Most of the prepared programs are written
in one of the standard computer languages. For
the most part, FORTRAN IV is favored, although
other levels of FORTRAN as well as BASIC are
sometimes used.

All computer-aided design programs can be
classified as analysis or synthesis. Today most
of the available prepared programs are of the
analysis type. Synthesis programs are still in the
future, but their coming—in five years, possibly
—will usher in a new design revolution.

Analysis programs require the user to enter
system or circuit configuration data according
to formalized rules. The machine then analyzes
the problem and prints out the solution. The
engineer supplies the design knowledge.

Synthesis programs, on the other hand, will
take system or circuit specifications as inputs
and provide a complete design to optimize what-
ever parameters the engineer desires.

Currently available prepared programs include
these circuit analysis programs: ECAP, NET-1,
SCEPTRE, ACNET$, DCNET$, RECAL, CIRC
and NASAP, among others. There are also analog
simulation programs that can handle simulations
of servos, dynamic systems and analog com-
puters. These include CSMP, ANALGS$, SSP,
COSS and others. Digital simulation programs
are typified by LOGIC and LDSIN.

Filter design programs constitute another

For design,
the program
is the thing
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class, which is quite large because of the many
different filter design options and the relative
ease of writing programs for them. Another
category is that of the mathematical programs.
These have been around the longest. Some are
relatively simple subroutines, such as matrix in-
version and determinant evaluation, while others
are more sophisticated, such as root-locus, L-
transform, and F-transform.

But the ease with which prepared programs
can be used may lull the user into a false sense
of security. He must have some understanding
of what he is doing to avoid making unrecognized
mistakes. The manuals supplied by the services
selling the program do not always alert the user
to potential difficulties. In fact, sometimes the
original writer of the program is not aware of
the limitations of his program.

There are several categories of program limita-
tions. Restricted memories, difficulty in the
handling of nonlinearities, lack of numerical ac-
curacy, unsuitable integration intervals and awk-
ward input or output formats are some of them.

Small memories restrict the size of the problem
that can be solved, but this is usually made clear
by the instruction books. There are ways around
this limitation, such as by breaking the problem
into smaller pieces and treating each piece sep-
arately.

Lack of modeling capabilities for nonlinearities
is more serious. If a problem must deal with non-
linearities, a program must be chosen that can
do the job; no other alternative is possible (see
comparison charts on p. C11 and p. C16).

Numerical inaccuracy might, to the casual ob-
server, be thought of as a thing of the past.
However, even with 10 significant figures, the
difference between two numbers of almost equal
magnitude might introduce significant errors.
For" example;, "La111111111 — 1.711111000 =
0.000000111; the accuracy of the result is only
three significant figures. In the design of elec-
tronic circuits, a situation of this nature can
arise in differential amplifier computations. The
user of the program must be aware of this possi-
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~ bility and must interpret the results correctly.

A problem can arise in the integration of a
differential equation when it contains time con-
stants with widely different values. This can
cause the program to give erroneous results be-
cause of nonconvergence of the integration rou-
tine. There are methods for dealing with the
problem, but the user munt be aware that it
exists.

Numerical integration is very commonly used
in solving a wide variety of problems in prepared
programs. The size of the interval is significant
in determining the accuracy of the solution. In
some programs the intervals can be chosen by
the user, but he must make a proper choice. In
other cases, the interval is hidden inside the
program and the user has no knowledge of it,
much less any control over it.

These are only some of the problems that can
arise when using a prepared program. There are
others, but, as a user becomes more sophisticated
and adept, he begins to guard against the pitfalls.

Less serious is the use of awkward input-
output formats, which can lead to user mistakes
because of confusion in interpretation. In addi-
tion inability to use a graphic terminal or the
lack of an output plotting routine can limit the
usefulness of a program by requiring the user
to perform the very kind of work that the com-
puter is supposed to eliminate.

Other difficulties of a non-technical nature also
can arise. Instruction books supplied by time-
sharing services do not always answer the ques-
tions a user might want to ask. Manuals are
commonly used for promotional purposes as well
as instruction. As a result, they sometimes do not
give adequate information about the limitations
of a program. The only recourse then is to contact
the service for further information or assistance,
a procedure that, at the very least, is time
consuming.

What you must remember is that sometimes
the difficulties are inherent in the program,
and sometimes they are characteristic of the
terminal of the service.
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Analyses of
circuits be-
come routine

Let’s examine some prepared circuit-analysis
programs and how they work. All solve the net-
work problems of linear and, to a more limited
extent, nonlinear circuits, both active and passive
(see Table 1 for a representative listing).

Electronic Circuit Analysis Program (ECAP)
is typical of the circuit-analysis programs. It
was developed by IBM, and it is probably the
most widely used analysis program. Its basic
elements are resistance, inductance (self and
mutual) and capacitance; current and voltage
sources; dependent current sources defined by
transconductance (g,) or current gain (B); and
a switch. All elements are linear. No modeling
capability is built into the program, other than
what can be synthesized from the available ele-
ments. Nonlinear models can be constructed on
a piecewise linear basis by using switch-controlled
broken slopes (Fig. 1).

The size of the circuit that can be analyzed
is limited to a specific number of nodes and
branches. A branch consists of a passive element
that may be in series with a current or voltage
source. A node is a junction of two or more
branches. The actual number of nodes and
branches permitted is determined by the storage
capacity of the memory assigned in the central
computer. Usually memory cannot be transferred
from branches to nodes or vice versa. If, for
example, a program is limited to 20 nodes and
50 branches, a circuit with 21 nodes and 25
branches cannot be analyzed.

ECAP solutions can be a dec, ac or transient
analysis of the voltage across any or all node
pairs, or the current through any or all branches.
Generally the user will only want to know the
node voltage (referred to as “nv” in the program)
or branch current (ba) of just a few of the many
alternatives. He can easily specify which he
wants. Other possible outputs include element
currents (ca), element voltages (cv), branch
voltages (bv), or element power loss (bp). Worst-
case analysis can be performed if tolerance data
are supplied.

A typical ECAP statement looks like this:
“150 B3 N(2,3), R=2E3, E=10.” Which trans-
lates to: “line 150 describes branch 3, which con-
nects nodes 2 and 3 with a 2-kQ resistor in
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series with a 10-volt source.” (See Graphic Com-
puter Terminal Performs Visual Analysis, p. C20,
this issue of ELECTRONIC DESIGN.)

ECAP is available in many forms. It can be
found in batch mode, which is not interactive,
and in batch mode with graphic termina's, which
is interactive. It is available on-line from many
time-sharing services, with widely varying
branch, node and element capacities. Some serv-
ices have made minor adjustments to improve
the modeling capabilities of the basic program.
Some versions of ECAP allow the user to write
his own subroutines in the program by means
of a USER statement..

The ACNET$ and DCNET$ approach

Another form of circuit-analysis program is
General Electric’s AC or DC Linear Network
Analysis—ACNETS$ or DCNET$ (the dollar sign
is GE’s touch). The two programs are similar,
except for the ac or de choice, which must be
made before accessing the program. There is no
transient option, but it is possible to perform a
frequency-sweep analysis of the ac circuit. In
addition to worst-case tolerance analysis, there
is an option to perform a Monte Carlo analysis
at a specific frequency. The statistical analysis
capability is highly developed in both ACNETS$
and DCNET$. Modeling capabilities are as limit-
ed as ECAP, and output is in data printout form.

Data input to ACNET$ and DCNETS$ is by
coded values. The order of input is branch, node
from which current flows, node into which cur-
rent flows, type of element (resistor=0, capaci-
tor=1, inductor—2, dependent current source=—3,
independent voltage source—4 and independent
current source=5), value of element tolerance,
and number of the branch that controls a depend-
ent current source. The dependent source is
controlled by the current in the resistive part of
the control branch. A typical line of input data
in ACNET$ is: “1070 7,4,3,3,50,10,3,” which,
translated, means that line 1070 defines branch
7 between nodes 4 and 3 and contains a dependent
current source with a current gain of 50 and a
tolerance of 10%. The dependent current is con-
trolled by the resistive current in branch 3.

It is apparent that this form of data input
can be confusing, since it requires reference to
the code for the meaning of each entry. ECAP
avoids this difficulty by using defining letters
as prefixes. Debugging a program written in
this type of shorthand can be quite tedious.

Coded CAP interacts during data entry

Coded CAP is the circuit-analysis program of
Com-Share, Inc. It is similar in concept to the
ECAP and ACNET$ and DCNET$ programs. The
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Table 1. Comparison of representative circuit analysis programs

Prog. : Output
name Offered by Size Analyses format Nt dingas
Branches | Nodes [ AC | DC | Trans | Worst |Statistical | Print | Plot modeling
case capabilities
ECAP SBC (C/360) 75 30 e T, v v v
ECAP |ITC 60 20 v [ v v v v v
ECAP | TYM 60 20 ; ;
50 20 :// :// :// j v piecewise
ECAP |ITT ; linear
200 i 8 B v M v (broken slope)
ECAP |AL 200 <0 (VS S ¥ v -
ECAP |[DN 60 20 v | & v v v
ECAP |[CN 75 30 v | Y v v v
ACNET | GE 15 11 v v v v none
DCNET | GE 15 11 v v v v none
Coded
CAP CS 75 25 v v v v (see ECAP)
CIRC TYM (1) (1) v diode/transistor
RECAL [RD 200 80(2) | v v v v V. diode
NASAP | CAC 40 20 | (3) v (1)
NASAP | AL 40 205 1(3) v (1)
NASAP [ ITT 45 25! 1'(3) v v (1)
NASAP | CN 44 (elel[nents) 3) v v (1)
(1) Cannot be characterized
(2) A trade-off between branches and nodes is possible
(3) Pole-zero and transfer function analysis

AL Applied Logic Corp., 1 Palmer
Sq., Princeton, N.J. 08540

CAC Call-a-Computer, 1500 S. Lilac
Drive, Minneapolis, Minn. 55416

Avenue, New York,
GE General Electric

CN Comnet, Computer Network Corp.,
5185 MacArthur Boulevard, Wash-
ington, D.C. 20016

CS Com-Share Inc., Ann Arbor, Mich.

of Minnesota, Inc
Street, Minneapoli

48106
]
:
8
I
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4
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DN Data Network Corp., 460 12th

Service Dept., 7735 Old Georgetown
Road, Bethesda, Md. 20014

ITC International Time Sharing Corp.
., 4620 W. 77th

ITT ITT Data Services, P.O. Box 402,
Route 17 and Garden State Park-

way, Paramus, N.J. 07652

RD Rapidata, 350 5th Avenue, New
York, N.Y. 10001

SBC Service Bureau Corp., 1350
Avenue of the Americas, New York,
N.Y. 10019

TYM Tymshare, Inc., 525 University
Ave., Suite 220, Palo Alto, Calif.
94301

N.Y. 10018
Co., Information

s, Minn, 5543§

A
J
<|> 'I Ry *100 it '| °f":7" i
R, =20M L
B
v 065V
| LT 'l AR
Rp =20M @ i
SWITCH | e<0S7V | O57V<e<O8SV | >065V
@ A | OPEN CLOSED | CLOSED
B OPEN OPEN CLOSED

1. The modeling capabilities of ECAP are limited to the
broken slope models that can be constructed with pas-
sive elements and switches. Here is an example from
the C/360 manual. It is a model of an |-V characteristic
(a) that is 0 mA from 0 to 0.57 volts, has a slope of
0.01 mho from 0.57 volts to 0.65 volts and has a s!

of 0.08 mho above 0.65 volts. The equivalent ci

is shown in (b) and the table of switch closures
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READY

$83 $86 $BIO
230k 1'56“) . S5k
|
B5
BI
T

L

100 B1,NO-1,E=20.R=1
110 B2,NO-2,ES=1,C=1U
120 B3,N1-2,R=30K

130 B%,N2-0,R=10K

140 BS.#NPN,N2-3-4%,100
150 BbsN1=4%,R=5K

160 B?,N3-0,R=5K

170 B8,N3-0.C=100U

PRESPECIFIED TRANSISTOR MODEL

©

COMMAND ?PPRINT.NV,BC

NODE VOLTAGE
lv By 35 % 19.99%0
S5 be 7 4.3573¢2

BRANCH CURRENT
1e@r et 0.600582E-02

180 B9,N%-5,C=1U

190 B10,N1-5,R=15K

200 B11l,N5-0,R=5K

210 Bl2,#NPN,N5-b-1,20

220 B13,Nb-0,R=1K

230 Bl4%+Nb=?.C=2U

240 B15,N?-0,R=1K

250 #NPN.P1l

260 B1,N1-%,D=ON,E=.5,R=600
2?0 B2,N3-2,BETA=P1*B3

280 B3,N%-2,R=10

290 B4/N2-3,D=0FF,E=.5,R=100
300 B5.,N3-2,R=100K

O

%.94%090 4.43b22 15.596
3.75302 0.000000

0.000000 0.501770E-03  0.%9%090E-O0

s @ ‘B 9 0.87956%E-03  0.887243E-03 0.000000 0.00000
10,11,13,1% 0.10%e244E-02  0.871%64E-03  0.375302E-02 0.00000
15 0.000000

2

COMMAND ?AXIS.-10,50,-180,1807SWEEP,LOG,F=10,10K,137PLOT,NV,.DB,?

NV, 7? -10.0000 = MIN

+
* = PHASE -180.000

O sl i s 20 e

B IiceeTleeeoleeealoe.

-10.0000 —+

17.7828 - +
31.6228 -

56.23%1 -

100.000
177.828 »
3lb.228 %
562.3%1 .
1000.00 »

1778.28 o

31b2.28
5623.41 - *
10000.0 - *

2. RECAL'S modeling capability includes the use of
diodes. (a) shows a circuit with a transistor model that
uses diodes. (b) is the input data for this circuit. (c) is
a print output of the dc node voltages and branch cur-
rents. (d) is an output plot of the voltage at node 7,

€12

50.0000 = MAX 0.600000/DIV
180.000 3.60000

{0 e - {1 [ i A (oI WE 0 e 10 [
e L e e e ¢

++ + +

both magnitude and phase. A log sweep of frequency
from 10 Hz to 10 kHz is used. Magnitudes are plotted
in dB on a scale from —10 to 50, and phase from
—180° to 180°. The scale is actually numbered from
0—100 so interpolation is required.
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Glossary:

Batch (mode, processing, environment) The pro-
cessing of data in a single machine run. Pro-
gram and data are fed in and results are
obtained with no interruption of the computer
possible. (See interactive)

CAD Computer-aided design

Commerical time-sharing A method of computer
use with remote terminal, interactive and
time-sharing characteristics. The user of the
machine pays for the time used.

Conversational operation Similar to interactive
mode, but the user must await for a question
to be posed by the computer before interacting.

Graphic terminal A cathode-ray tube (CRT)
display. Sometimes the term is used to include
an X-Y plotter.

Interactive (mode, processing) The process by
which the programmer or computer user can
communicate with the machine and modify its
operation as the results of the computation
suggest ideas. (See Batch)

Print, plot, print-plot The possible output for-
mats on a teletype or electric typewriter ter-
minal. Print refers to tabulated lists of output
data; plot refers to a plot of the output data
performed by the typewriter and using sym-
bols like “x” or “*” to indicate data points —
the plot is discontinuous; print-plot refers to
the availability of both formats at the same
terminal.

Remote terminal A terminal located at a substan-
tial distance from the central computer. It
usually accesses the computer through a
communication link such as a telephone line.

Terminal A device that permits gaining access
to a central computer — can be a teletype,
electric typewriter, a graphic terminal or
other device.

Time-sharing The process by which one central
computer can be used simultaneously by many
different people. The time used at one terminal
for input of data or output of results is used
for computation at another terminal.

data lines resemble ECAP. One notable differ-
ence is that when a current or voltage source is
entered, the program asks whether it is depend-
ent If the user’s answer is affirmative, the pro-
gram requests the element number on which it
is dependent.

Analyses available include ac, de worst-case
and statistics on tolerance buildup. The modeling
capabilities are as limited as in ECAP.

RECAL stores models

Rapidata’s entry in the circuit-analysis field
is called RECAL (Rapidata Electronic Circuit
Analysis). Its input-output appearance is similar
to ECAP, but with less punctuation. It is a linear
program, but it allows the use of diodes in model-
ing other devices. A transistor model, for ex-
ample, can be constructed with diodes, resistors
and current gain (Fig. 2). The model is specified
in a subroutine, which can then be invoked as
often as desired if the same model is to be reused.

RECAL can perform ac, de, transient and
worst-case analysis, if tolerance data is provided.
Output can be in printed or plotted form. RECAL
has one other unique feature. By using a flexible
storage allocation technique, it states the limit
on the size of the program in terms of nodes plus
branches. This is especially useful in circuits
with large numbers of nodes, where standard
ECAP might run out of storage locations.

Scientific Data Systems of Santa Monica, Calif.,
makes its analysis program, CIRC, available on-
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line in Tymshare’s time-sharing system. It is
unique in that data input is completely inter-
active. The user draws his circuit-diagram num-
bering nodes, components and supplies. He then
accesses the program via a typewriter and pro-
cedes to answer these questions that the program
fires at him:

Q. Number of nodes?

A. 2

Q. Are special Eqgs. used?

A. No.

Q. Specify the quantity of the following CIRC
standard elements that are used, Res., Vrs., Dio.,
Tran.

A. 2,0,0,0,1. (The circuit has two resistors and
one transistor.)

This procedure continues until all the questions
are answered and the circuit is fully specified.
Only dc analysis is available at present.

CIRC provides nonlinear models that simulate
semiconductor components. Transistor para-
meters, for example, are entered directly into the
program at the program’s request. They include
such parameters as collector and base saturation
currents, V,. and others, as well as beta.

NASAP goes on-line

Until recently, NASAP (Network Analysis for
Systems Application Program) developed by
NASA, existed solely in batch mode. Now, how-
ever, it can be found on-line from Call-a-Com-
puter, Comnet, ITT Data Services and Applied
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200 NASAP PROBLEM
201 *SAMPLE PROBLEM
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ele RY 4% 1 1eK
213 Cl 2:3.52°u
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218 EXECUTE

®

TRANSFER FUNCTION

K =  .100RE+01

NUMERATOR POLYNOMIAL
-1PPRE+@Ll TIMES S**
-384bE+@3 TIMES S**
-1479E+@6 TIMES S**
-S5b9PE+@8 TIMES S**

S~ w

DENOMINATOR POLYNOMIAL
-1PPRE+@L TIMES S**
-1927E+@8% TIMES S**
-742bE+@b TIMES S**
-S?47E+@8 TIMES S**

&

ROOTS OF THE TRANSFER FUNCTION

S~ w

K = .lP0RE+@1
NUMERATOR ROOTS  (ZEROS)
S = =.3B47E+03
S =  .29B4E-01 - J .38%6E+03
S =  .298%E-Dl + J .384bE+D3
DENOMINATOR ROOTS  (POLES)
S = -.1B39E+03
S = -.384bE+03
S = =.14%39E+04%

©

3. This sample problem in NASAP demonstrates its
unique capabilities. (a) is the circuit to be analyzed
and (b) is the program equivalent. The results can be
presented as the quotient of two polynominals as in
(c), in pole-zero form as in (d) or in a plot of magnitude
and phase (not shown). Gain, K, is shown separately in
the transfer functions.
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Logic. Other services are considering adding it
to their libraries.

NASAP uses a flow-graph approach. The net-
work to be analyzed is viewed as a signal flow
diagram. However, this internal organization,
which distinguishes one program approach from
another, is not of too great interest to the user.
He is primarily concerned with what the program
can do for him. In terms of the input format,
NASAP looks very much like ECAP.

The major advantage of NASAP is that it can
provide the user with information about a net-
work that is not available from other programs.
It can give the transfer function of a network
as the quotient of two polynominals together with
its time response to an impulse function. It can
also give the roots of the numerator polynominal
(zeros) and of the denominator polynomial
(poles). The output format is a print or plot of
magnitude and phase (Fig. 3).

Batch programs provide greater capability

Programs for circuit analysis began in the
batch mode, and some are still lodged there.
Among the programs associated with batch pro-
cessing only, the best known are SCEPTRE,
CIRCUS and NET-1. Many of the batch-mode
concepts may soon be turning up on time sharing
terminals; so even of you don’t have access to a
batch-mode facility, it may be useful to examine
these programs briefly.

SCEPTRE was originally developed to investi-
gate the effects of radiation on semiconductors.
Its development was sponsored by the Air Force
Weapons Laboratory, and the name is an acro-
nym for System for Circuit Evaluation and Pre-
diction of Transient Radiation Effects. Its great-
est advantage is its well-developed modeling
capability. FORTRAN subroutines can be written
to describe a wide variety of nonlinear models
of semiconductor devices. The subroutines, once
written, can be stored in memory for use at any
point in a SCEPTRE program. The models can
be based on diode types of nonlinearity, or they
can be based on a tabulation of voltage-current
characteristics.

The SCEPTRE program is very effective for
transient analysis, less so for dc analysis. One
problem with SCEPTRE is that non-monatonic
functions such as those that describe SCRs, UJTs
or tunnel diodes, sometimes confuse the program
into nonconvergence.

NET-1 is based on the solution of simultaneous
sets of nonlinear algebraic and differential equa-
tions. The latter are usually expressed in matrix
form to simplify treatment and notation. In ad-
dition the system of equations must have a
unique solution. It is best to determine this fact
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in advance by use of topological methods. NET-1,
by its nature, can handle nonlinear modeling of
diodes and transistors without too much diffi-
culty. It can also, of course, handle the general
run of circuit problem. NET-1 was developed
by the Atomic Energy Commission.

CIRCUS, an Army Signal Corps program, is
similar to NET-1 in concept. It can provide diode
and transistor models for nonlinear analysis. It
can also handle four-layer diodes and FETs.

The programs that are still found only in the
batch mode are not likely to find their way into
time-sharing. One reason for this is that the
easily adapted programs have already made the
transition. Another is the fact that time-sharing
services will, increasingly, be developing their
own software; they may make use of ideas from
the batch programs, but most of the new work
is likely to be original.

Do-it-yourself subroutines

The earliest prewritten programs were those
that were intended to perform as subroutines in
FORTRAN or BASIC programs written by the

users. This so-called general-purpose computing
is still very much alive and is used by those en-
gineers who have become adept at programming
and who prefer to have some insight into the
nature of the computing process.

The mathematical programs are offered as sub-
routines by most time-sharing services in one
form or another. Matrices can be inverted and
determinants evaluated. These subroutines are
valuable in solving the simultaneous equations
of network mesh or node analysis. Nonlinearities
can be treated by using iteration techniques.

Other specialized tasks can be performed by
using the subroutine library. Power spectra or
frequency-domain analysis can be accomplished
using Fourier transform or Fourier integral
methods. Some services provide direct and in-
verse Laplace transform routines to help solve
analog computer or servo problems, although the
analog simulation routines can do this job more
easily.

The uses that can be made of a time-sharing
system library of subroutines is limited only by
the skill of the programmer and the complexity
of his problem.

Solve servo
problems by
simulation

When a digital computer solves analog prob-
lems, the keyboard replaces the breadboard.

The user specifies the analog block, either op-
eration or function generation, and the method
of interconnection. He then has a simulated
analog system. He can apply test inputs and
watch system response. If his system is oscilla-
tory or too lively, he can increase damping fac-
tors and check the response again. This inter-
action continues until he is satisfied with the
system.

_However, more than analog computers can be
designed this way. Servo systems, nonfeedback
dynamic systems and operational amplifiers can
also be handled. The major programs include
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IBM’s Continuous System Modeling Program
(CSMP) also offered by ITT Data Services, Tym-
share and Applied Logic, GE’S ANALGS$, Com-
Share’s Com-Share On-Line Simulation System
(COSS) and International Time Sharing’s SSP.

Start with a block diagram

An analog simulation is similar to a bread-
board. An engineer who is designing a servo
system first draws a block diagram and analyzes
the performance of the system he envisions. The
traditional second step is to build a breadboard
of the system. Now, instead of assembling am-
plifiers, motors, tachometers and the like, the en-
gineer sits down in front of a computer terminal
and invokes one of the magic acronyms.

ANALGS$ is written in FORTRAN. Intercon-
nections and blocks are specified by keyboard
inputs. Besides handling linear systems, the re-
sponse of nonlinear and time-varying systems can
be obtained. Output results are obtained in hard
copy—a distinct advantage over the traditional
breadboard. On-line modification of configuration,
initial conditions or timing can be accommodated.
A system is limited to 250 blocks; there are 31
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Table 2. Comparison of representative analog simulation programs

Time
Prog. name Offered by Size Output format sharing [Batch
No. of No. of
diff. user def. No. of
blocks blocks - | tot. blocks | Print Plot | Graphic
CSMP SBC (C/360) 31 5 75 v v v v
CSMP IMB (S/360) 34 (1) v v v v
CSMP ITT 30 0 75 vV v v v
CSMP TYM 29 3) 150 v Vv v v
CSMP AL 26 (©) 75 v v % v
ANALG GE 30 20(2) 250 N v v
COSS CS 29 9 150 v v v
SSP IFiG 26 10(2) 200 vV v Y v
(1) Many additional from FORTRAN Library and MACRO Functions
(2) Function generators only
(3) FORTRAN subroutines
m=5 pound-sec 2/ inch @
¢=100pound-sec. /imch NEW FILE NAME--SY SDATA
k= 80pound/inch e e ™ A B I
I Ic k F=15 ‘;ounds ¥ READY
l m 4]"‘-'!'0 yhonn:)i.f:rcc 100 10,K.0,0,0
) i 110 20,W,10,50,60
N e 'm—"-;}j%-,%x FeFORCE 120 30,1,20.0.0
@ : 130 40,I.30,0.0
(60) 140 50.,G.40.0.,0
caw/a (o)~ 150 60,6,30,0,0
Block aumbereiore 155 0,0.,0,0,0
in parenthesis -
(10) (20 (30) {40) 160 10,15.0.0
y L 170 20,.2,--2,=-2
@ g/ "/,z,mz T x 180 50,80,0.0
190 60,100,0,0
(50) SAVE
K (x) e
; (o) READY

®

4. A simple resonant mechanical system is described
in (@). A block diagram of the system is drawn in (b)
as the first step in using an ANALG$ simulation. Block
K is a constant; | is an integrator; G is gain; W is a

different blocks to choose from. Numerical in-
tegration can use either a second or fourth-order
Runge-Kutta routine at the option of the user.
A system, once defined, can be stored in files for
future investigations.

System blocks include the commonly encoun-
tered summing, multiplication and division, in-
version, integration and exponentiation; the non-
linear limiting, clipping, relay, offset and
bang-bang; trigonometric functions; jitter and
several others. One very useful function is the
function generator, which enables the user to

Cil6

©

weighted summer. The numbers alongside the blocks
are the block numbers. The input lines for this system
are listed in (c). The output which can be print or plot
is not shown.

create his own function by fitting a curve to 11
data points.

Each system block is assigned a letter or sym-
bol name. The user assigns a block number to
each block in his diagram. A line of data will
then look like this: “20 30, S, 20, 0, 0.” The first
entry is the line number. The second is the
number of the block that is named by the third
entry (S=sin function). The fourth, fifth and
sixth entries are the numbers of the blocks whose
outputs form the input to block 30. Block 20 is
the only input to block 30. Initial condition en-
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tries are similar, but the block name is omitted,
and the last three entries are initial conditions
or parameters. Figure 4 shows this process for
a simple example.

The output from the ANALGS$ program can be
either a tabular printout of the output of each
of four blocks at stated time intervals, or a plot
of the outputs of four blocks vs time.

CSMP is similar in concept to ANALGS$ (see
“Build Digital Models of Analog Systems, ED 21,
Oct. 11, 1969” pp. 90). The size of CSMP, in
terms of the number of blocks available and the
number that can be used in one program, varies
greatly with the system. CSMP on the IBM 1130
is limited to 25 standard simulation blocks and
five special user defined blocks.

FORTRAN expands CSMP library

Batch-oriented system 360 CSMP has 34 func-
tional blocks in its library. Simple arithmetic
operations are performed by conventional FOR-
TRAN arithmetic statements, and the program is
augmented by the availability of such FORTRAN
library routines as absolute value, cosine, log
and exponential.

The user of an IBM S/360 CSMP program can

expand the library of functions by writing his
own MACRO subroutine. These are groups of
CSMP functions that perform a complex oper-
ation more than once. An example of this might
be a transfer function consisting of the quotient
of two second-order polynomials that might recur
several times during the study of a filter. The
MACRO allows this complex transfer function
to be combined into one operation, which can
then be invoked whenever it is needed. S/360
CSMP also has provision for seven different
kinds of numerical integration. These are Runge-
Kutta, Simpson, trapezoidal, rectangular and
second-order Adams, with uniform time intervals
chosen by the user. In addition there are fifth
order Milne predictor-corrector and fourth-order
Runge-Kutta, with the integration interval vari-
able and under program control.

CSMP outputs can be tabular printout or print-
plot, similar to the ANALG$ forms.

Other versions of analog simulation use similar
formats. COSS, for example, names its blocks
with three letter titles, and SSP is simply In-
ternational Time Sharing’s name for CSMP—a
poor choice, since IBM also uses the letters “SSP”
to designate its extensive Scientific Subroutine
Package.

Shift logic
problems to
the computer

The most recent addition to computer-aided de-
sign programs are those relating to logical sys-
tems. It is curious that it has taken so long for
these to appear, since logic design is so closely
associated with computers and computer pro-
gramming. The programs -currently available
range from simple Boolean analysis of parallel
gate networks to analysis of sequential networks
with counters and shift registers.

Perhaps the most sophisticated program in
this group is Rapidata’s—appropriately named
LOGIC. The designer first sets up a block di-
agram of his system, which can include any type
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of logic gate, flip-flops, adders, shift registers,
one-shot multis, clocks, word generators or the
like. The blocks have two or three-letter program
names. The designer assigns numbers to the
blocks. A line of input data consists of a line
number, block number, block name, propagation
delay of the block in a set of self consistent units,
list of inputs to the block or logical constants.
The format is similar to those of the circuit or
analog programs-only the names are changed.
LOGIC can handle up to 500 blocks of the types
described, plus up to 36 switch registers, which
are set to the desired state by the operator. They
cannot be set or reset by the program. There is
an output display module that is the equivalent
of a 15-channel sampled chart recorder. It dis-
plays the output of an operating logic circuit.
The output of a run consists of a timing dia-
gram of the system under study. The time is
printed out whenever a change of state occurs
in the system. Each block has two output posi-
tions, a LOW and HIGH. An entry is made for
each block number (up to a total of 15 blocks)
in one of the positions. In addition specified time
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intervals may be studied without going through
the entire time sequence. In fact, the program
itself may be used to control the output by print-
ing out time periods when a change is occurring
and where the change has occurred. Figure 5
shows a study of a simple system.

The LOGIC program is extensive enough to
study complex systems. One capability that is
not likely to be used to any extent is to program
a computer and then use it to solve problems.

A less elaborate logic-oriented program is ITT
Data Services’ LDSIN, which performs minimiza-
tion of Boolean functions up to seven variables.
The input and output forms are the standard
sum of products or AND/OR form. Functions
may contain ‘“don’t care’” items.

Other services are promising digital simulation

READY
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5. This is a LOGIC simulation of a clock (block 1) with
a delay of 50 time units, a five stage counter (blocks
2-6) and an output block (7) with a delay of 10 time
units. (a) is the data input. (b) is a print-out of the
time and the states of blocks 1-6 at each time the out-
put changes starting at O time and ending at 500 time
units. Any other time period could have been specified.
(c) is a printout of the times any changes of state oc-
cur starting at time 600 and ending at time 800. In
this mode, the time of an event, the number of the
block in which it occurs, the type of block involved and
the new state of the block are given.
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programs for the near future. One of these is
Data Network, Inc., which hopes to have a par-
allel-sequential logic analysis program on line
before the end of 1969. It is tentatively called
LOGICS. '

The digital simulations are probably in for the
greatest development in the near future. The
reasons include these: It is a relatively untouched
field ripe for exploitation; there is a fair demand
for this service, and logic programs can be writ-
ten in a short time.

Digital programs will be particularly useful in
in designing digital control systems and displays.
This is a field that has been expanding rapidly
as users become aware of the advantages of static
control systems over dynamic systems and their
costs come down.

Where does

the designer
go from here?

What of the future of computer-aided design?
Remote processing—the terminals in one place
and the central computer in another—should
grow. Robert Sarnoff, the president of RCA, said
recently, “Remote processing is expected to ad-
vance from a 13% share of the market last year
to some 50% by 1973.”

Of course, the 1973 computer user market will
also be much larger than the 1968 market. A
large part of this increase will occur in the en-
gineering and scientific fields, and it will be
pushed along by the development of new and
more powerful design programs.

This new tool is expected to challenge the role
of the designer. The quality of his work will rise
rapidly as the tedium of engineering design is
taken over by the machine. Fewer competent
men will turn out more and better results. More
lower-echelon people, whether trained as engin-
eers or technicians, will be needed to perform the
routine work. A new sharp line of demarcation
is expected to separate the two groups.

The men who enter the elite group will be those
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who have become adept at the use of computers.
There are implications here that go far beyond
the world of business and industry. The effects
will be felt in education, government and eco-
nomics as well.

Are graphic terminals in the cards?

One clouded element in the coming explosion
of remote processing is the role of the graphic
terminal. Rapidata’s Barry Schindler, the pro-
grammer of RECAL and LOGIC and a former
practicing design engineer, says: “The CRT is
the optimum medium as far as I am concerned,
but its just that it’s not economic yet.”

* Henry Mulkiewicz, manager of applications de-

velopment at ITT Data Services, concurs: “Our
feeling at the moment is that the expense of
graphic terminals is prohibitive. Until we can
see the cost curve coming down, we can make
no plans for these terminals.”

A somewhat dissenting position is taken by
Aron Kronenberg, technical staff member of
Applied Logic. He says: “Usually graphic ter-
minals are given inadequate support. They some-
times hide the assumptions and limitations of
the software. Their major utility now is to sim-
plify topologic reduction. They are very expen-
sive, but there are signs that they will become
cheaper. At the moment they are not too useful,
but if the software problems and the hardware
expense can be overcome, things may change
drastically.”

There will be advances in other areas of com-
puters and computer auxiliary equipment in the
near future. Conventional terminals will become
faster thus reducing the time lost during inter-
active operation. Computer inputs will be broad-
ened to include the results of tests on equipment
being performed in real time. The programs will
be used in trouble shooting as well as design. A
great deal of the original work in these areas is
being done by the manufacturers of the com-
puters. The great advances of the future, how-
ever, are more likely to come from those who
are in closer contact with the actual user.

At this writing there are some 200 to 300
commercial time-sharing services selling time on
a wide variety of machines and with a wide va-
riety of software capabilities. About half of these
services are active in the engineering-scientific
field. Most are struggling for existence. The
ones that are established can turn more of their
attention to the improvement of their services.

When the expected shakeout occurs soon, the
survivors will compete on the basis of what they
offer to customers. Many of those active in the
field speculate on what the future holds. They
look for these developments:

® Circuit synthesis programs that will take
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requirements as inputs and deliver complete de-
signs optimized for whatever parameter the en-
gineer specified.

s Use of the results of a circuit-synthesis pro-
gram to lay out LSI devices with the desired
performance.

s System synthesis programs that will choose
from among many alternatives, consider the
tradeoffs and justify the conclusions.

» Combination system and circuit synthesis
programs that will virtually eliminate the en-
gineer as an original contributor to technology.
His role in design would be assumed by the pro-
grammer.

These predictions may not sound flattering in
their assessment of the role of the design en-
gineer. Some say the drastic changes that are
coming will actually strengthen the position of
the engineer. At present his position is the un-
known in the equation, and there is no computer
program now available that can supply the mis-
ging information. ==
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Visualize a
new design
graphically

A photo-by-photo description
of interactive ECAP in operation.

1. The designer who provided the circuit-design know-
how, Alan Desroches, an engineer at IBM Kingston, is
pointing at the circuit, while programmer Chapin Day

(@)
o
=]

An analysis of an electronic circuit can be
carried out by using a digital computer and
ECAP (see Special Report on page C8). When
a graphic CRT (cathode-ray tube) terminal with
a light pen input is added to the facilities, a
truly visual interactive process can be imple-
mented.

The CRT is both the input and output element
of the computer. Some instructions, however,
must be fed into the machine by more conven-
tional means. A keyboard in front of the CRT
and a set of switches alongside it are provided
for this purpose. Figure 1 shows the general
arrangement. Values of components, for ex-
ample, are typed in by means of the keyboard,
and the switches are used to set up the desired
sequence of operation on the tube face.

The light pen is the operator’s method of com-
munication with the graphic terminal. The pen
resembles a penlight flashlight with a wire
emerging from one end and a small light bulb at
the other. The operation of a switch activates
certain areas of the CRT face. The light pen
can then be pressed against these active areas—
the technical term is “detecting on” — to per-
form various tasks.

aims the light pen at the display. The selector switches
are to the left of the display unit, and the keyboard is
in front of the CRT.
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A simple single-stage transistor amplifier is
used here to demonstrate the technique. The am-
plifier intentionally has an unusual frequency
response to illustrate the plotting capabilities of
this approach. The circuit is shown in Fig. 2.

User chooses from ‘‘menu”’

The user begins with a blank screen. He op-
erates a switch to initiate the action, and a series
of “menu” items appears on the screen below a
horizontal line. Among the menu choices is “AC.”
Since he wishes to perform a frequency analysis,
he detects on AC. The symbol AC then appears
above the upper horizontal line on the screen.
The designer is now ready to begin drawing his
circuit.

He locates the initial and final nodes of
the first branch by detecting on the desired
spots with his light pen. He then operates a
different switch to place a new series of menu
items on the screen. The choice now is among
WIRE / RESISTOR / CAPACITOR/INDUCTOR
(see Fig. 8). He detects on RESISTOR with his
light pen, and he sees Fig. 8 on the face of his
CRT. (photos continued on mext page)

ORAW/CBLD
KEY ELEMENT VALUE(S)

3. After a resistor is selected for branch 1, the display
looks like this. The terminal requests a value for the
resistor, and the user enters the value using the keyboard.
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2. A single-stage transistor amplifier is the example
selected for a graphic ECAP analysis. The numbers repre-
sent the branches of the final ECAP circuit. An R-L-C
output network has been chosen to give a dramatic
peaked frequency response.

Since the basic branch is a single passive element in
parallel with a current source or in series with a voltage
source, the next choice appears in Fig. 4.

0
]



DRAW/CBLD
SEL INIT1AL NODE

FINISH ROUTINES

4. FIXED E is now detected from the menu 6. By detecting the bottom node with the

items, and this is the new appearance of light pen, and then GROUND from a new
the screen. (A source may be omitted if series of menu items (not shown here) a
the branch is to be passive by detecting ground symbol appears. NEW BRANCH is
NEW BRANCH or FINISH ROUTINES.) then detected from the menu items, and

this display then appears where the in-
struction, SEL INITIAL NODE at the top,
calls for the initiation of a new branch.

IRAN/CBLD
KEY SOURCE VALUE(S)

5. The computer requests the value of the 7. The next branch begins at the upper

voltage source, and the user keys in 1.0 node of the first branch, and after selec-

V at zero phase. tion of a 5 uF capacitor the display looks
like this.
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8. The circuit is built up to this point,
branch by branch. Here wire extensions
that make the diagram more legible are
shown at either node of branch 5. The
menu items at the bottom of the display
are the passive element choices available,
and when detected by the light pen are
next to appear on the CRT.

NODE

9. Branches 7 through 11 are added in a
similar fashion. Branches 4, 5, 7, 8, 9,
.and 11 represent the equivalent circuit of
the transistor without showing the gain as
yet. The hybrid-pi transistor equivalent is
used.
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DRAW/CBLD
SEL INITIAL NODE

FINISH ROUTINES/

10. The passive part of the circuit is com-
pleted with the addition of the load com-
ponents. The next step will be to put a
current source in branch 9 dependent on
branch 5.

JRAN/DCUR
SEL

11. A dependent current link can now be
inserted. By detecting FINISH ROUTINES
on the previous display, we are asked to
SEL FROM BRANCH (select the ‘“‘FROM"
branch), whereupon the user detects
branch 5, and SEL TO BRANCH (select the
“TO"” branch), whereupon he detects
branch 9. A dependent current now ap-
pears across branch 9 with a dotted line
to branch 5. A menu choice is given be-
tween BETA and GM for expressing the de-
pendence of branch 9.




EY

JRAN/DCUR

12. With the dependence decided upon in
terms of transconductance, the circuit de-
signer detects GM. The terminal responds
with a request for a value of GM, and the
user keys in 0.08.

DRAN/MODF
KEY CARD

FR=

100E3(1.67)10E6_

13. A frequency response plot is now re-
quested by detecting FREQ from menu
items. When values are asked for, the user
keys in 100E3 (1.67) 10E6. Translated,
this means a frequency response from 100
kHz to 10 MHz with each frequency in the
plot 1.67 times the previous one.

CARD EDIT

PR/NV/CA/BA/BV/CV/BP
MODIFY

FR= 100E3(1.47)10Ek
EX

CONSOLE

14. A display of the input data is now
asked for. The computer replies with con-
ventional ECAP language listing as shown
here. The results of the print (PR) state-
ment will not be shown. The originally
chosen frequency (FR-600E3) is changed
by the MODIFY statement to cover the
range 100E3 to 10ES6.

15. The computer plot of the voltage across
branch 14 has approximately 14 frequency
steps as a result of the choice of the fre-
quency multiplier=1.67. The inductor of
branch 13 is used as a parameter to vary
the peaked frequency response. Here L—
20 pH. The computer automatically selects
the vertical and horizontal scales so the
curve fills the screen.
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FREQ

16. The inductance of branch 13 is now 18. The frequency response is repeated

increased to 40 uH, giving this response. here with a frequency multiplier of 1.08,
which gives about 100 frequency steps.
L=80 uH. Compare this with Fig. 17.

This picture story on the use of ECAP was
written with the cooperation and assistance of
the IBM Systems Development Laboratory in
Kingston, N.Y. Among those who aided with
this presentation are: Almerin C. O’Hara, Man-
ager, Scientific Computing Department;

Chapin W. Day, Staff Planner and program-
mer; Alan Desroches, Associate Engineer and
circuit designer; Bruce A. Brough, Laboratory
Information Manager; and Robert J. Strini,
Industrial Photographer.

17. Here L—80 puH, and the resonance is
more pronounced. Note that, although the
frequencies to be plotted are logarithmic-
ally related, the frequency scale is linear.
ECAP does not plot frequencies on a log
scale.
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Save Time

Are you still toying with do-it-yourself test set-ups?
And taking data one measurementatatime?
Let GR relieve the manpower and money strain in your lab, production,
or inspection facility with these automatic test systems:

1790 LOGIC-CIRCUIT ANALYZER - tests logic ]
circuits with as many as 96 inputs and 144
outputs - up to 4000 tests per second *
GO/NO-GO or complete diagnostic testing -
easy test language - autoprogramming lets
the device determine proper outputs

AUTOMATIC LEAKAGE-CURRENT

and CAPACITANCE-MEASURING SYSTEMS
* picoampere current resolution * 0.1%
basic capacitance-measuring accuracy

Give thought to any of these automatic instruments
as the nucleus of your custom-designed GR system:

1682 AUTOMATIC 1-MHz CAPACITANCE BRIDGE - 20,000
pF to 20.00 nF full scale * 0.19% accuracy * 20
measurements per second - five-wire connections

1683 AUTOMATIC RLC BRIDGE - Resistance: 20.000 m{)
to 2000.0 k2 full scale * Inductance: 2000.0 nH
to 200.0 H - Capacitance: 100.00 pF to 10.00 mF -
0.19% basic accuracy * up to 20 measurements per
second * five-wire connections

1654 IMPEDANCE COMPARATOR - 0.003%
impedance-difference resolution *
100 Hz to 100kHz — 4 fixed fre-
quencies « wide impedance ranges:
2 () to 20 M2, 0.1 pF to 1000 uF, 20
©H to 1000 H - stable solid-state
circuits « Fast sorting (greater
than 4000/h) with accessory limit
comparator

General Radio Company + West Concord, Mass. 01781 - (617) 369-4400
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Save Money

Every purchase requires a thorough comparison of specifications —
and for over half a century customers who wanted the best in performance
and quality have looked to General Radio.

It was worth paying a few extra dollars
to get a top-performing GR product!

TAKE ANOTHER LOOK! We still offer the finest instruments available,
but now, with new design techniques and automated test methods,
you can’t beat the price, either!

Quantity discounts, too, for two or more!

Look at these examples of technical and fiscal ingenuity from GR:

1192 COUNTER - dc to 32 MHz (to 500 MHz
with scaler) + 10-mV sensitivity * crystal
time base + 5, 6, or 7 digits and data
output — $575 and up.

1808 AC MILLIVOLTMETER - 1.5 mV to 150 V
full scale in six ranges - 20-dB dynamic
meter range * up to 12.5-M(Q input impedance
» accuracy *+19% at full scale — $295.

@ 1340 PULSE GENERATOR - 0.2 Hz to 20 MHz -
» © 2.5 s to 25 ns duration - 5-ns rise time
@ 0‘0

+ 10-V output with =1-V offset - amplitude,
period, duration modulation — $395.

1310-B OSCILLATOR - 2 Hz to 2 MHz - gy T r
20 V +29%, constant output - 0.25% ‘ @ |

maximum distortion - all solid state — $275. o ‘ ? "

Now get a closer look! -

Write or phone General Radio Company,
West Concord, Massachusetts 01781, telephone (617) 369-4400.
In Europe, write Postfach 124, CH 8034 Zurich 34, Switzerland.

GENERAL RADIO
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We have a memory that
will make design engineers

look like heroes.

How about a small to medium size memory with an
access time of 250 nanoseconds. Cycle time of 500 nano-
seconds. With 4K to 16K words of from 10 to 60 bits. And
the lowest price going.

The CE-50 state-of-the-art, 22D, three wire memory is
available now. That’s immediate delivery for the latest and
best small to medium size memory you can buy anywhere.

The CE-50’s spec sheet is nothing less than heroic. But
what else could you expect from the company that’s
delivered more than 100 million bits of 2%2D memories.
The numbers and facts are yours for the asking. Write:
Memory Products, Lockheed Electronics Company, Data
Products Division, 6201 East Randolph Street, Los
Angeles, California 90022.

See the CE-50 in action at Island 3200, FJCC

LOCKHEED ELECTRONICS

A Division of Lockheed Aircraft Corporation
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Design for
Reliability/ Performance

from Diehl

Diehl helps you build more reliability by building more reliability
into all its components. Example: Our motors from %/+” diameter have
housings and end bells of high-strength aluminum alloys.
Stainless steel shafts. And dynamically balanced rotors with spring-
loaded precision bearings for quieter operation and longer
life. What's more, every Diehl component is backed by 78 years of
motor-making experience. These are only a few reasons...there
are many more!

For more information on how Diehl helps you build more reliability
call Diehl...or contact our Engineering Representatives
in principal cities.

DC Motors-
Gears

3/4" to 2'/2” diameter

Vortex
Blowers

that provide

Stepper
Motors

greater capacity with a wide RPM range via discrete
for vacuum control for a wide variety of steps and high
and for cooling. aerospace and industrial slew rates.

applications.

for precise control

Induction and
Synchronous
Motors

with high torque for
recorders, business
machines, capstan and
reel drives.

Precision
DC
Tachometers

for precise linear
velocity operation.

Disc & Drum
Memory
Drives

in both synchronous
and induction types.
80% to 95% efficiency
for cool running and
minimal thermal
expansion.

7
. )

Moving Coil
Motors

with extremely high
efficiency. ldeal for
use wherever high
speed response is
called for.

THE SINGE R COMPANY - Diehl Division

Finderne Avenue, Somerville, N.J. 08876/(201) 725-2200 e TWX 710-480-9325
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FOR A
WIDE SPAN

SIGNAL LEVELS

Telonic’s new Log Amp Detector operates
over a dynamic range of 105 dB without
switching scales. That’s a 178,000 to 1 volt-
age swing which can be displayed on a scope
or XY plotter in sweep operation, or read on
the instrument’s meter for fixed frequéncy
measurements.

And if that doesn’t make it the most versa-
tile detector ever built, consider a few more

features: a tangential sensitivity of —85
dBm, frequency range of 400 kHz to 130
MHz, direct readout in dBm, and a cali-
brated reference line for swept operation.

Capable of accepting any RF input within
its frequency range and as low as —85 dBm,
the 6001 Log Amp Detector converts the
signal to a log DC output for display or read-
out. Its calibrated dynamic range is —70
dBm to +20 dBm and convenient Expan-
sion and Offset controls permit even closer
looks at low level signals.

(Note: For users of Telonic’s 2003 Sweep/
Signal Generator, the Log Amp Detector is
available as a plug-in unit, Model 3353).
Write our Marketing Dept. for complete
specifications.

TELONIC INSTRUMENTS
A Division of Telonic Industries, Inc.
60 N. First Avenue
Beech Grove, Indiana 46107
Tel: 317 787-3231 « TWX: 810 341-3202

telonic
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You say you want a

low-profile snap-in mounting push button switch or
matchirag indicator that is interchangeable with most
4-lamp displays . . . available in a full range of cap
colors . . . with a choice of bezels with or without
barriers in black, gray, dark gray or white.

and a

legend presentation that’s positive (like this one) or
negative (like the one below) or just plain (like the one
above) . .. one that's white when “off” and red, green,
yellow (amber), blue or light yellow when “on” . . .

or colored both “on’ and “off.”

anda

highly reliable switch proven in thousands of
installations . . . available in momentary or alternate
action .. . N.O., N.C. or two circuit (one N.O., one
N.C.) . .. that accommodates a T-1% bulb with midget
flanged base, incandescent, in a range of voltages
from 6—28V.

etc.
ete.
éeflc.

Now, Dialight gives you
custom panel designing with a
standard line of push-button
switeches and matching indicators

Dialight offers a broader range of switch and indicator
possibilities than you'll find anywhere in a standard single-lamp
line. Sizes: 34" x 1", 54" square and round. Send today for
our new full-color catalog L-209.

DIALIGHT

Dialight Corporation, 60 Stewart Ave., Brooklyn, N.Y. 11237 DT-124
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If these standard
hybrids won’t do it...
we have more where

MEPCO microcircuit design engineers
have perfected a good number of standard
hybrid microcircuits lately. No doubt
you've heard about our ‘“standard circuit
of the month” program. They're all de-
signed to meet the most stringent high-
reliability design requirements, while of-
fering the time and cost advantages of
mass production. '

If we haven’t yet perfected a standard cir-
cuit to meet your needs, it could very well

Standard hybrids featured in MEPCO “‘circuit of the month" program:
flatpack; C D/A binary current summing ladder; D DTL to MOS level shifter; E precision high speed ladder switch; F relay, lamp, core driver.

be that we're working on it now. Or per-
haps we can find the fit among the hun-
dreds of custom hybrids we’ve developed
this year.

Before you look any further, ask us to show
you a completely packaged hybrid inte-
grated circuit that can outperform its
counterpart. Write or call us collect for
complete information, or talk to your
MEPCO representative.

MEPCO, INC., COLUMBIA ROAD, MORRISTOWN,N. J. 07960 « (201) 539-2000 « TWX: 710-986-7437
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STEP-AHEAD EQUIPMENT DESIGNED FOR THE 70’s

Meet the
FIRST F AM“.Y Mo andanpg gt

of Data Acquisition, Conversion, and s
or Differential. Up to 12 bits, blnary, or 3 digits,

Communication Peripherals at the BCD. Internaly supplied reference

Sahara Hotel (Space 30004-30005) in
Las Vegas during FICC Nov. 18-20

Designed to provide step-ahead performance in an almost unlimited
variety of applications, Dynamic System Electronics Corporation will
present its First Family of data acquisition, conversion, and com-
munication components and subsystems in Space 30004-30005 at
the Sahara Hotel in Las Vegas during the Fall Joint Computer Con-
ference, November 18-20.

AUTOVERTER 860

In its First Family line, DSE will show optical sensors and other Low-level, auto-ranging, multiplex

equipment designed to meet the needs of the 70’s as well as standard and analog-to-digital system.

components and subsystems which permit system flexibility and =10mv to =10V Full Scale. 12 bits, binary. Differ-
105 . 3 ; . ential input. Programmable gain or Automatic

expandability without excessive costs for engineering. range determination.

First to offer a complete data acquisition and conversion system in
a package, DSE products have proved their on-the-job capability and
dependability in:

m  Monitoring and converting medical functions,
Controlling plant operations,

Analysis and control of chemical processes,

0il field exploration and monitoring,

Testing and evaluation of aircraft structures,
Missile range and data monitoring,

Radar data reduction, MIDIVERTER 855
Graphic data terminal Multiplex and analog-to-digital system

.. to mention only a few of the areas where DSE has served indus- L |‘"“s'_' s?lid-s‘::‘t‘e "“l;‘i‘f:'ic dtiis'l’lily'

+ ull Scale. Single ended or Differential. Up

trlal commercial, and military customers. % 11‘3 (?i:(sh binary, 17 bits BCD. Throughput rates
to Z.

If you are interested in step-ahead answers to your current or pros-
pective needs, by all means check in at Space 30004-30005 during
the FJCC or contact us at the address below.

DYNAMIC SYSTEM ELECTRONICS

1040 West Alameda Drive, Tempe, Arizona 85281 MIDICOUPLER 880

Phone (602) 967-8644 - TWX 910-950-1941 Provides a complete span of linkage equipment
for: Computer satelite systems, Patient monitor-
ing, Audio Visual, etc; Computer to computer,

SUBSIDIARY OF SOUTHWESTERN RESEARCH CORPORATION data preprocessing, ‘‘Man-less” interface; Com-
) puter to Communications links, Modems, bulk
storage, etc.

INFORMATION RETRIEVAL NUMBER 190
ELEcTRONIC DESIGN 23, November 8, 1969 @33




If you're in the market for
a mini computer,

0ok at the Micro 800 first.

(Youll probably end up with one anyway. )

Here’s one reason why: Microprogramming

Microprogramming gives you a more
efficient system, tailor-made to your re-
quirements, for less money. Since firm-
ware absorbs many functions normally
handled by core memory and interface
hardware, requirements for both are
reduced substantially. On the other
hand, standard hardware can be re-
tained even while changing architec-
ture to match your particular demands.
With little time and practically no
effort, you can optimize computer

SI

C34

MICRO SYSTEMS INC.

characteristics for a particular opera-
tion without making a single hard wire
change.

Here's another: Delivery

We began building 800’s before we
began selling them, and now we're in
volume production. It’s only natural
then that delivery is off-the-shelf with
custom variations taking a modest 30
days extra. Try us. Especially if your
requirements are urgent.

Here’s one more: Price

The Micro 800 costs $3200 with quan-
tity discounts ranging up to 40%. For
$3200 you get a basic processor with
16 multi-purpose registers, 256 words
of read-only store, basic console, en-
closure and power supply to function
as a micro programmed controller. In
addition, you get the fastest digital
computer in its class with a 1.1us
memory cycle time and a 220ns micro

command execution time. Core memory
capacity is 0-32K bytes.

We also sell a microprogrammed adap-
tation of the 800 with 512 words of
read-only store, a 4096-word by 8-bit
core memory and a teletype interface.
We call it the Micro 811 and it goes
for $6300. Our third model, the $6900
Micro 810, is like the 811 except that
768 words of read-only store are used
to implement an expanded instruction
repertoire, including multiply and
divide.

Just about any question you’ll have is
answered in our new mini-seminar
booklet. We'll send you a copy gladly.
But we’d really rather have you ask for
a call from our marketing representa-
tive. You'll save a lot of time if you
do because we're sure you’ll end up
with an 800 anyway. It’s irresistible.

See Micro Systems products at the FJCC, Booth 5915.
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FUNDAMENTALS OF INTEGRATED CIRCUITS
Lothar Stern

A practical guide to integrated circuits — their
theory, manufacture and applications. This
book offers complete discussion of the various
techniques of integrated circuit fabrication
and their strong influence on circuit design
and performance. From a marketing view-
point, it compares the relative qualities of the
numerous IC's devised to date in terms of
economics and logistics.

The book covers basic semiconductor prin-
ciples, monolithic integrated circuits, thin-film
circuits and their characteristics, hybrid and
other integrated structures. There is also dis-
cussion of packaging, design and layout prin-
ciples, and LSI. A volume in the Motorola
Series in Solid-State Electronics. 208 pages,
7 x 10, illustrated, cloth cover.

OB ... i a et s vt sants e $8.95

LEVEL-HEADED LETTERS
Dr. Dugan Laird and Joseph R. Hayes.

Will help the executive to write better letters,
faster. In practical, down-to-earth style, this
book shows how to find the real reasons for
writing; provides a simple plan for organizing
ideas logically and psychologically, and points
out ways to get affirmative responses from
readers. Shows how to avoid cliches, verbiage
and how to inject an: air of informality into
letters. Key feature is the programmed learn-
ing section on painless grammer. 134 pages,

6x9.
Paper cover, #5032 .. ... ... $3.50
Cloth cover, #5033 ... e S498

PROJECT ESTIMATING BY ENGINEERING
METHODS Paul F. Gallagher.

A practical approach to attaining consistently
accurate estimates by summarizing many
general practices and introducing specific
methods proven valuable in various kinds of
work. Five methods of estimating are dis-
cussed, the fifth of which combines the two
most important developments in the field:
standard hours and the learning curve. To
insure complete understanding, full coverage
is given to construction and use of learning
curves. Nearly 100 pages of learning curve
tables appear in the appendix. 344 pages,
814 x 11, illustrated, cloth cover.

#5018

PRACTICAL PA GUIDEBOOK: HOW TO
INSTALL, OPERATE AND SERVICE
PUBLIC ADDRESS SYSTEMS

Norman H. Crowhurst

A practical guide covering all aspects of the
subject. The book shows how to select and
install the appropriate equipment, covers
routine operation and maintenance of the
finished system. Special attention is given to
solving the problems encountered in provid-
ing successful service. 136 pp., 6 x 9, illus.,

paper.
oy i Y R A O R e $3.95

THEORY AND APPLICATIONS OF TOPOLOGICAL
AND MATRIX METHODS Keats A. Pullen.

The dependence of electrical circuit theory on
topology (theory of line graphs) is of growing
importance because line graphs for networks
represent their flow patterns. Applicaton of
topological methods has lagged behind the
use of matrix methods only because of minor
application problems. This volume resolves
these problems in a logical and understand-
able way. 100 pages, 514, x 814, paper cover.
#0300 e L1

INDUSTRIAL STROBOSCOPY Gilbert Kivenson.

A comprehensive description of the history,
development and use of stroboscopy in indus-
try, commerce and research. Stroboscopy for
analysis and measurement has spread to
many specialized areas of science and engi-
neering, such as high-speed cinematography,
photometry, radiometry, torsional vibration
and other areas. This book discusses the state
of the art today and areas of further usage.
284 pages, 6 x 9, illustrated, cloth cover.

HBORY ..oy e SO

DESIGN OF LOW-NOISE TRANSISTOR INPUT
CIRCUITS William A. Rheinfelder.

Design engineers and others interested in low-
noise circuit design will find this book a real
time saver. Gives a multitude of labor saving
graphs and design curves for the practical
circuit designer. Simple derivations of all im-
portant formulas help the reader obtain a
deeper insight into the fundamentals of prac-
tical low-noise design. 128 pages, 6 x 9, illus-
trated, cloth cover.

#5014 . . srsssss e SO

WAVEFORM MEASUREMENTS Rufus P. Turner.

Complete how-to information on the various
techniques of electrical waveform measure-
ment—from troubleshooting to signal synthe-
sis. Book details procedures for the isolation
and measurement of a single harmonic from
a multisignal mixture, measurement of total
distortion, calculation of harmonic values
from heights of the wave patterns, etc. 96
pages, 534 x 814, illustrated, paper cover.

FEOTTB (s uvmenpmivnnnsessosnesssninigssssnansas $2.95

UNDERSTANDING SILICON
CONTROLLED RECTIFIERS
Saul Heller

A compact, illustrated guide to the capabilities
and operation of the versatile SCR and the
triggering circuits associated with these de-
vices. Throughout the book, schematic dia-
grams illustrate the application of the various
SCR's as static ‘switches, phase-control
switches, inverters, choppers, etc. Emphasis
is placed on choosing the right SCR to do a
given job. 134 pages, 534 x 81/, illustrated,
paper cover.

FBOTBR i Tt ey oanmans $3.50

TRANSISTOR AND DIODE NETWORK PROBLEMS
AND SOLUTIONS Harry E. Stockman.

This two-way reference demonstrates the
practical application of theory and serves as
sourcebook of step-by-step mathematical so-
lutions to practical problems. With schematic
situations covering the entire field of tran-
sistor and diode networks, the reader develops
effective techniques by comparing his own
solution methods with the author's. 352
pages, 6 x 9, illustrated.

- e I P $9.95

TRANSISTOR AND DIODE LABORATORY COURSE
Harry E. Stockman

Structured on engineering concepts and facts,
this new course first provides a groundwork
in transistor technology. Two-part theory view-
points are applied continuously to give the
work an engineering siant. The balance of the
experiments deal with more intricate transis-
tor networks, such as the theory and opera-
tion of multivibrators, and the concept of
parametric action. 128 pages, 714 x 10, illus.
#5671 . d $3.95

REVIEW ANY OF THESE BOOKS FOR 10 FULL DAYS - FREE!

——————-—-————————--—--——-—--——--——————------——q

[ Payment enclosed (Hayden pays postage). Same return privilege.

116 W. 14 St,, N. Y., N. Y. 10011

[

State Zip

I HAYDEN BOOK COMPANY, INC.
: Please send me the books circled below, on a 10-day free examina-

tion. At the end of that time | will remit payment, plus postage, or Name.
l return the books without obligation.
= 5695 0778 5014 Firm

5694 5032 0775
1 s671 5033 0782  Address
| 5018 0300 5045 :

1ty.

l Cit
|
|

On all overseas orders, payment in U.S. dollars must be enclosed.
Publisher pays postage with same return privilege.

ED-869

L—-----------—--—————_--——-————---————————————_
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The non-catalog connector.

If you can’t buy it. We’ll make it. Any kind
of printed circuit connector.

Tell us how many positions, how many con-
tacts. And what kind of shape it ought to be in.

We’ll take it from there, and turn out a con-
nector for you, at a price that’s probably the
lowest in the business.

The biggest reason is our contacts—because
they’re the biggest single factor in the price of
connectors.

We put more gold at the contact area than
any plater does. But we weld it there instead of
plating it. So we use less gold overall.

As a result, our contacts are the best you can
buy. (Maybe that’s why many of our competi-

tors use them.)

We also do our own wire drawing, coining,
forming, bending, and solder plating. We design
our own tooling and mold our own plastic bod-
ies. And we assemble and test the whole con-
nector ourselves.

If you're looking for ordinary connectors
look in ordinary catalogs.

But if you want something a little special,
now you know where you can go.

Sylvania Metals & Chemicals, Parts Division,
Warren, Pennsylvania 16365.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS
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Philco has
something new in
Series 74 T2L...
glassivated chips
in cerdip packages.

Why consider another source for Series 74 T2L? Here are three
good reasons from Philco-Ford.

e RELIABILITY—as a final production step, we put an added
layer of glass over the completed chip. This glassivation
process protects the circuit against damage, and gives an
extra measure of reliability.

e HERMETIC DUAL IN-LINE PACKAGES—AI| Philco-Ford Se-
ries 74 circuits are manufactured in hermetically sealed ce-
ramic dual in-line packages . . . AND at prices comparable to
plastic. Your assurance of quality is the experience we have
gained in manufacturing many millions of cerdip DTL and
T2L circuits.

CLAMP DIODES — All Philco-Ford Series 74 circuits have

been designed with clamp diodes input to reduce ringing and
improve system noise immunity.

All popular Series 74 circuits are now available from our Lansdale
facility, one of the country’s largest IC manufacturing plants.

For complete data and prices, contact your nearest sales office.
Or write Philco-Ford Corporation, Microelectronics Division, Blue
Bell, Pa. 19422.

Contact the nearest Philco-Ford Sales office:

Suite 714, 9841 Airport Bivd. Northwest Industrial Park 609 Saw Mill River Road
Los Angeles, Calif. 90045 Second Avenue Ardsley, N.Y. 10502
(213) 641-8105 Burlington, Mass. 01803 (914) 693-3700
; (617) 272-1600 y
3939 Fabian Way 900 Don Mills Road
Palo Alto, Calif. 94303 Blue Bell, Pa. 19422 Don Mills, Ontario, Canada
(415) 321-8740 (214) 646-9100 (416) 444-2541
2225 West North Ave. 20000 Rotunda Drive Room 428, State Tower Bldg.
Melrose Park, 1ll. 60160 Eng. Bldg. 3, Room 2060  Syracuse, N.Y. 13202
(312) 345-1000 Dearborn, Mich. 48121 (315) 422-3154 or 3155

(313) 323-3797

the better idea people in bipolar IC's PHILCO
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A FEW EXAMPLES OF POWERTEC'S BROAD LINE OF POWER SUPPLIES

GR SERIES 5V-2.5A §$49
« 31 STANDARD MODELS « FULL RATING TO 71°C
« 47 TO 440 HZ INPUT » COMPUTER GRADE
COMPONENTS

SR SERIES 5V-35A $249

e 64 MODELS AVAILABLE « OPTIONAL OVP e RE-

MOTE SENSE CAPABILITY « HIGH EFFICIENCY

VIL SERIES 5V-20A $379

e 100% MILITARY e MEETS MIL-E-16400, MIL-T-
21200 ¢ =.00075% REGULATION ¢ DOCUMENTA-

TION PACKAGE

HP SERIES 5V-30A $789
« MILITARY AIRBORNE TO MIL-E-5400 « 400
HZ, 3 PHASE INPUT « 24 MODELS AVAILABLE
« 2WATTS PER CUBIC INCH

FC SERIES 5V-5A $179
« % THE SIZE OF CONVENTIONAL SUPPLIES « HIGH
FREQUENCY SWITCHING APPROACH » 20 STAND-
ARD MODELS « OPTIONAL OVP

CUSTOM DESIGN

POWERTEC HAS A COMPLETE FAMILY OF BASIC
BUILDING BLOCK CIRCUITS THAT ARE READILY
ADAPTABLE TO YOUR CUSTOM SYSTEM SPECIFI-
CATIONS

POWERTEC DIVISION

9168 DESOTO AVE., CHATSWORTH, CALIF. 91311 « Phone (213) 882-0004

INFORMATION RETRIEVAL NUMBER 194

ELEcTRONIC DESIGN 23, November 8, 1969




FJCC PRODUCTS

Plotter with floating motor
scans 40 in./]s within 0.001 in.

Xynetics, Inc., 6710 Variel Ave.,
Canoga Park, Calif. Phone: (213)
887-1022. P&A: $100,000; first
quarter, 1970.

Just another X-Y plotting sys-
tem, you say. Not so! This one is
special—it is really unique.

The ADS-1 is an automatic
drafting system that can operate
at speeds of 40 inches per second
while achieving a resolution of
+0.001 inches. In reality, the oper-
ating speed of this amazing system
is limited only by the control pulse
rate and the pen ink flow.

How is it done? The answer is
simple; it’s all in the motor. The
ADS-1 incorporates a revolutionary
two-axis motor design that is the
result of a newly patented concept
called the Sawyer Principle. To
simplify matters, let’s first look
at how single-axis operation is
controlled.

The basic elements are: a magnet
assembly, called a forcer, which
consists of a permanent magnet
connected to two electromagnets;
and a completely passive platen or
toothed base that is made of a fer-

Sawyer Principle motor design allows new X-Y plotting
system to draw at 40 in./s. A permanent-magnet /electro-
magnet assembly simply skims over a toothed base.

Scope trace of d/a resolver output shows Lissajous pattern
of 40 incremental steps for one full motor cycle.

C38

romagnetic material. The forcer
floats above the platen as shown in
the figure below.

The permanent magnet produces
an equal flux in all four pole tips
of the electromagnets. Flux in pole
tips 1 and 2 is opposite in polarity
to that in 3 and 4.

Electromagnet A is now on and
electromagnet B is now off. When
an appropriate current is applied
to B, it induces an additional mag-
netic force at pole tips 3 and 4.
The forces at 3 add, while those
at 4 cancel.

The forcer now has a new pre-
ferred position as shown by the
flux lines, and will move to the left.
Energizing electromagnet A so that
pole tip 2 has an additive force will
continue motion to the left. To com-
plete a full cycle to the left, B is
energized again (4 contributes)
and then A (1 contributes).

Four flux changes result in a
linear displacement that is equal to
the pitch of the toothed base. Move-
ment to the right can be initiated
by first energizing 4.

The complete motor in the plot-
ting system uses two forcers align-

INFORMATION RETRIEVAL NO. 357

ed at right angles to each other
and combined into a single assem-
bly. The platen is cross-scored to
form equi-distant rectangular is-
lands of equal size and height.

The scorings are filled with a
non-magnetic material to provide a
smooth surface. The forcer assem-
bly is then supported on the platen
by a stable airbearing.

However, because of the airbear-
ing and waffle-iron characteristics
of the platen, the motor is not re-
stricted to only axis-parallel move-
ments. It can move in any direction
that is the vector resultant of two
orthogonal commands.

To obtain its 0.001-inch resolu-
tion, the ADS-1 uses two d/a re-
solvers. These continuously control
position by supplying a current to
electromagnet A that is a cosine
function and a current to electro-
magnet B that is a sine function.

By incrementally controlling the
phase of the electromagnet current
drive, the resolvers move the head
0.001 inch for each command. There
are a total of 40 incremental steps
to move through one full pitch of
the platen as shown on the oscillo-
scope face below.

Each digital-to-analog resolver
consists of a 10-state up-down
counter, sign logic, analog switches
and a ladder network.

Booth No. 21004 Circle No. 357
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Typewriter-sized desktop impact line printer
hammers out 200 lines/minute at 500 kHz

Norteec Computer Devices, 94 Nick-
erson Rd., Ashland, Mass. Phone:
(617) 881-3160. P&A: $6000; 3
months.

Only slightly larger than an elec-
tric typewriter, a new desktop im-
pact line printer can operate at
rates of 200 lines per minute over
a 132-column page. The model 200
is primarily intended as a printout
device for today’s expanding mar-
ket of mini-computers.

Its standard character set con-
sists of 64 alphanumeric ASCII
symbols. Up to six copies can be
made at data input rates as fast as
500 kHz.

To achieve its small size and
high speed, the new printer incor-
porates three major design inno-
vations. These are a flexible metal
font belt instead of a drum, stored-
energy frictionless hammers, and
IC matrix hammer drive circuitry.

The novel belt design allows the
operator to read a line almost as
soon as it is printed since it is not
obscured by a drum. The belt is
narrow, about 3/4 in. wide, with
characters arranged serially along
it.

Standard belts have six character
sets, each containing 64 symbols.
Belts with four sets of 96 charac-
ters or eight sets of 48 characters
can also be supplied.

Each frictionless hammer con-
sists of a striker mounted on two
precision vertical springs. Before
the printing cycle, all hammers are
cocked and held by permanent mag-
nets. When released, the hammers
strike the paper against the font
belt by using energy derived from
the motor.

As a direct result of the ham-
mer design, the model 200 printer
can use a functional matrix of pow-
er integrated circuits for the ham-
mer drive circuits. Only 37 drivers
are needed for all 132 hammers. In
addition, the size of the power sup-
ply needed can be reduced.

Booth No. 6405 Circle No. 35
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High speed commercial memory system
—NANOMEMORY 2600. Full cycle time
of 600 nanoseconds, and word capacities
of 16K by 18 or 8K by 36. It's all done
with a second-generation 2-1/2D drive
system with efficient circuit and logic
design, for reduced component count
and high MTBF, and wide operating
margins —the real feature of the 2-1/2D
configuration. It is easily expandable
in the field, and comes in a standard
19" rack.

Perfect for high speed, large ca-
pacity mainframe memory systems...
NANOSTAK 3020...technology break-
through in 3W, 2-1/2D stacks. Stackable,
compact size is an amazing 25% of com-
petitive planar stacks and offers a
significant advantage in form factor for
system packaging. Extremely fast 650
nanosecond cycle time for 8K or 16K
by 40, or 32K by 20 word memories.

Five new memory cores for your next
stack or system. All are medium or high
drive, all coincident current, and all
are fast switching for your high speed
applications. Four new cores available
in 18 mil, 20 mil, and two types of 30
mil sizes for use from 0° to 70°C. Also,
a new wide temperature range 18 mil
core for severe environments of —55°
to +100°C.

Compact, ATR compatible memory sys-
tem SEMS-6 for use in military and
rugged commercial aircraft applications.
Reliable performer is optimized around
8K or 16K with maximum capacities of
8K by 40 or 16K by 20. Full cycle time
of 2 microseconds, with access time
of 700 nanoseconds. Meets MIL-E-5400,
low power consumption and lightweight.
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Rugged design for ground based mobile
equipment, NANOSTAK 020 commer-
cial memory stack. High speed 850-
nanosecond full cycle time for 4K
memories. Features 3W, 3D organiza-
tion with word capacities to 16K by 40.
Built-in reliability and dependability.
Available with wide temperature range
cores for operation in severe en-
vironments.

Who else

but Electronic Memories
could introduce

five brand spanking new
memories-at once

Only Electronic Memories, the technology leader, could introduce
five important new memories at once. Each one offers significant
advances to provide you with faster, more reliable, and

lower cost memories. Each one is loaded with outstanding new
design features to give you faster access, larger capacity, and
more economical operation. From cores and stacks to

megabit memories, Electronic Memories has the memory products
for your next, faster, more powerful computer system. For more
facts and figures, just write.

a division of electronic memories & magnetics corporation
12621 chadron avenue, hawthorne, california 90250
telephone (213) 772-5201 TWX: 910-325-6213

visit us at FJCC, Booths 301-304

INFORMATION RETRIEVAL NUMBER 196
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POWER FOR
PEANUTS...

oy - 3

¢

NOT JUST A
SINGLE OUTPUT. ..
BUT A

DUAL REGULATED
PLUG-IN

POWER SUPPLY ...
PROVIDING ALL THE
BASIC ESSENTIALS
FOR MOST IC&OP
AMP APPLICATIONS

=6, ==12, =15V @ 25mA

REGULATION: 0.20% max.

RIPPLE & NOISE: 2mV,P —P

NO DERATING

SHORT CIRCUIT PROTECTED

DIMENSIONS: '
32y 8l

*in 1000 lot quantity. And
only $19.95, 1-9 quantity.

SEMICONDUCTOR
CIRCUITS, INC.

163 MERRIMAC STREET
WOBURN, MASSACHUSETTS 01801
TEL: (617) 935-5200

INFORMATION RETRIEVAL NUMBER 197
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Non-electronic $68 keyboard
encodes within key station

Synergistics, Inc., Ten Tech Circle,
East Natick, Mass. Phone: (617)
655-1340. P&A: $68 for 65 keys;
6 to 8 wks.

Providing 65-key layouts for as
little as $68 in quantity, a new
modular self-encoding keyboard
uses only gold-impregnated sliding
self-wiping contacts as active com-
ponents. Electronic circuits do not
perform the encoding function;
each key is its own decoder.

Completely modular in configura-
tion, the new keyboard consists of
three basic elements—terminal
strips and key strips for the sup-
porting structure, and individual
key stations.

Each key station is composed of
five parts. Three of these are: a
molded plastic cap containing the
symbol or character identification;
a molded plastic housing that is the
basic structural member and pro-
tective enclosure; and a guide stem
for aligning the basic key to the
key module assembly.

The fourth member of the key
assembly is the code contact, a
stamped spring material with ten
contact arms. These spring-loaded

arms form the prime code-genera-
ting conductors for the key assem-
bly and are connected directly to
the guide stem.

The fifth element is the code
mask. It is made of a plastic ma-
terial and is used to establish the
coded output of the key. The mask
allows only the desired spring-load-
ed arms to make contact.

Each key station is connected to
a key strip, which consists of ten
wire conductors and contact pins
contained in molded plastic. This
plastic strip can accommodate any
number of keys, depending on its
length.

Contact pins in the key strip form
the point of contact for the code
contacts of the key assembly. De-
pressing a key causes a pulse out-
put on a combination of key strip
wires. The pulses are then conduct-
ed through another pin connection
to the terminal strip.

Each key strip is pinned to a
terminal strip, a piece of molded
plastic containing ten conductors.
The terminal strip completes the
given keyboard or control panel
configuration.
Booth No. 27006 Circle No. 356
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You’ve seen the pictures...

The
e
s 1::.' s Lok

Bulletin SP-230D

I l I e a The perfect finish to our Great Digital Systems
dlglta & analog Kit new product program—over 170 pages of

- meaty description, specs, logic diagrams and
SyStems klt schematics on our TTL and DTL modules;

s dozens of packaged analog/digital instruments
e like our MINIVERTER™ and other data acqui-
sition equipment; hardware and accessories;
wire-wrapping service and applications help.
Write or call for yours today. Raytheon Com-
puter, 2700 S. Fairview St., Santa Ana, Calif.
92704. Phone (714) 546-7160.
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Multi-purpose computer expander system
adds on-line real-time service versatility

Scientific Resource Corp., sub. of
Paragon Systems, Inc., 2803 Buf-
falo Speedway, Houston, Tex.
Phone: (713) 621-7250. P&A:
$6650 to $30,000; 90 days.

Comp- Ex is a new multi-purpose
computer expander that extends the
capabilities of IBM’s 1130 com-
puter to on-line real-time business
and industrial applications.
Through the use of various channel
options, the new system allows the
computer to be directly connected
to a wide variety of instruments
and peripheral devices. These in-
clude analog-to-digital converters,
CRT displays, data sets, teletypes,
magnetic tape systems and relay
registers.

Via the expander, the 1130 com-
puter can function in a broad range
of applications, like intercomputer
communications, event scheduling,
process control, graphic data dis-
play, information retrieval, inven-
tory control, and patient monitor-
ing. The interfaces for each of
these may be made by a direct con-
nection to the expander or over
telecommunications data links.

All input/output functions are
program supported by systems soft-
ware, accessible through the stand-
ard 1130 Fortran or Assembly

language. There are no additional
details for hardware addressing;
Comp-Ex functions are separate
and independent and do not alter
the standard 1130 system hard-
ware.

The new expander has a modular
structure that permits incremental
expansion by the addition of chan-
nel interface boards as required.
The maximum configuration han-
dles 32 channels of digital data
transfer.

Each channel has interrupt capa-
bility. Comp-Ex keeps track of the
priority level assigned to each
channel and the levels on which the
channel will interrupt. To meet
changing data handling require-
ments, priority and level assign-
ment as well as reassignment may
take place dynamically and under
program control.

The basic expander system con-
sists of a controller, a power sys-
tem, and up to eight interface
channel boards. The controller con-
tains all the necessary data trans-
fer logic and control logic for com-
munications between the interface
channel boards and the IBM 1130.

Interface channel circuit boards
use both DTL and TTL integrated
circuits. In order to minimize er-
rors in circuit wiring and loading,

each channel board is automatical-
ly machine wired, point-to-point
through computer-generated wir-
ing lists. In addition, each channel
board contains its own plug-in
channel address code module s¢ that
individual boards can be installed
into any available board slot.

Several interface channel options
are available. These include: =2
digital input/output interface chan
nel, a real-time clock, a data com-
munications interface, a teletype
interface, a data set interface, a
universal a/d multiplexer interface,
a universal d/a converter interface,
a graphics terminal, and a mag-
netic tape transport.

A cycle-steal option can be sup-
plied for many of the interface
channels. This option "allows a
channel to perform cycle stealing
and data chaining for high-speed
data transfer independent of pro-
gram control.

One interface channel can cycle-
steal up to 135,000 words per sec-
ond. Multiple cycle-stealing chan-
nels can be interlaced to achieve a
maximum data rate of 270,000
words per second.

All basic driver routines are sup-
plied with Comp-Ex and are oper-
ated under the 1130 monitor.
Booth No. 13000 Circle No. 358




General Electric 2IULS  variable transformers
help you vary voltage dependably...year after year,

5" 4
FTor ; i
48 Mo | Al A ¥

4 d
Vear ATTer vea | ‘A 1 TOF VRAT .., ©90000000000000000000000000000000000000000000
i % A e e ¢ o Section 413-34
General Electric Company
Schenectady, New York 12305

Please send me free bulletin GEA-8110 on Volt-Pac Variable
Transformers,

NAME |
COMPANY
TITLE
ADDRESS
CITY STATE 7Z1p

Send in this coupon for free bulletin giving complete
details on Volt-Pac transformer features, ratings and appli-
cation data; or see your GE sales representative today.

* Laboratory tested for over one million failure-free operations.

GENERAL @3 ELECTRIC
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Communications terminal
is self-contained data center

Remcom Systems Inc., 2705 Na-
tional Drive, Garland, Tex. Phone:
(214) 328-9991. P&A: from $18,-
500; January, 1970.

Packaged in a single cabinet, a
new medium-speed data communi-
cations terminal is a self-contained
free-standing unit that consists of
a line printer, a card reader, a com-
munications line interface and
control electronics. Available com-
munication interfaces allow the
2780 to operate at switched line
rates up to 2000 bits per second,
and private or leased line rates as
fast as 9600 bits per second.

The 2780 can satisfy the require-
ments of a broad range of applica-
tions, including remote batch and
remote job entry operations. It also
can handle many special needs re-
quiring transmission over common
carrier or private communications
lines.

Further broadening the termi-
nal’s versatility is a large selection
of options like multi-point (polled)
line control and double buffers.

C46

Many options are available as field
modifications. Peripheral subsys-
tems include card punches, and
paper-tape punches and readers.

The new terminal offers a range
of transmission block sizes. These
are determined by the capacity of
the line buffer. Five line buffer
capacities are available in two con-
figurations for 200, 300, 400, 500
or 600 bytes.

The double-buffer option permits
alternate use of two buffers for se-
quential transmission blocks. While
one buffer is being loaded, the
other is being unloaded.

Message formats, code structures
and control sequences used by the
2780 are specified in accordance
with Binary Synchronous Com-
munication (BSC) conventions.
This means that the new terminal
can maintain compatibility with a
large number of existing operating
systems and terminals.

Three printer models are avail-
able with print rates of 150, 300,
or 600 lines per minute.

Booth No. 5301 Circle No. 355
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Record/retrieve system
codes for man/machine

5503

Interface Mechanisms,
232nd St. S.W., Mountlake Terrace,

Ine.,

Wash. Phone: (206) 774-4156.
Price: from $20/month.
Dual Image is a modular data

recording and retrieval system that
provides both a human-readable
character and a machine-readable
code on a single paper tape. This
new concept in man/machine
readable media is especially suited
for remote data entry since infor-
mation can be entered at typing
speeds via the keyboard, or from
digital devices at rates up to 75
Hz.

Booth No. 1042 Circle No. 279

Solid-state keyboard
transduces contacts

LA
TEC, Inec., 6700 S. Washington
Ave., Eden Prairie, Minn. Phone:
(612) 941-1100. P&A: $100 typi-
cal; fourth quarter, 1969.

Using a unique transducer with
a power requirement of only 8 mW,
a new solid-state contactless key-
board converts key depressions into
encoded DTL/TTL-compatible data
outputs. The data output is an
eight-bit binary number (including
optional parity) per the ASCII
code, or any other code. Speeds are
as fast as 50 characters per second.
Booth No. 1503 Circle No. 266
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Data Instrumenta

In the field of instrumentation recording, no manufacturer
offers the versatility, quality, or deliverability of DMI. As
the pioneer in plated magnetic disc recording, this capa-
bility is unquestioned. Our recorders are methodically pro-
duced, meticulously tested, and universally accepted by
some of the more sophisticated users of instrumentation
-recorder analysis equipment.

No wonder— considering our constant concern with
progress and excellence. The new IDR-200, for example,
already stands alone in the field of instrumentation record-
ing. It is utterly versatile . . . available in single or dual
channel models . . . both reproducing simultaneously if
you wish. It stores 25 seconds of 2 MHz data on a 14"
plated magnetic disc.

And it is operationally practical as well as functional.
Meant to capture and store data for wideband transient
analysis, signal analysis, spectrum analysis, data reduction,

on Recorders that know no bounds

correlation studies, telemetry, and one-shot phenomena.
The possibilities know no bounds.

For those with less demanding situations, we offer the
IDR-100 — a durable performer in wide-band instrumenta-
tion disc recording of the more compact variety. While it
is a bench-top device, its specifications are comparable to
the finest instrumentation tape recorders.

If the Data Instrumentation Disc Recorder is not a famil-
iar device to you, or you wish to learn more about the
usage of this medium and its many applications, write or
call for a data package.

The Disc People

@
@dml 1400 Terra Bella Avenue, Mountain View,

oaamemory nc.  California 94040, Telephone (415) 961-9440
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' shows 800 characters

Remote computer terminal
prints 30 characters|s

Gulton Industries, Engineered Mag-
netic Div., 13041 Cerise Ave., Haw-
thorne, Calif. Phone: (213) 679-
0111. P&A: from $5500; January,
1970.

Designed for business and scien-
tific applications requiring high
input/output transmission rates, a
new remote computer terminal can
print 64 graphics of the USACII
code at a speed of 30 characters per
second. The LG 10/30 can also in-
terface with equipment needing
printer outputs of 10 or 15 char-
acters per second.

The new terminal accommodates
up to 132 print positions with its
132-column asynchronous page

C48

printer. Printing is performed by
a rotating helical wheel and a
single solenoid-actuated print ham-
mer. Completing the printing sys-
tem is a Porlon ink-impregnated
roller that is easy to change and
provides very clear impressions.
Readability is good on all stan-
dard business forms, including six-
part carbon-interleaved forms or
three-part carbonless forms. Paper
widths can be as large as 14-7/8 in.
In addition, the LG 10/30 fea-
tures adjustable paper guides to
print from 26 to 132 columns at 10
characters per inch and six lines
per inch. Its paper skipping rate
is 30 lines per second.
Booth No. 3400 Circle No. 353

Economy CRT display

Beehive Electrotech, Inc., 1473 S.
Sixth West, Salt Lake City, Utah,
Phone: (801) 487-0741. P&A:
$3495; 60 to 90 days.

Alpha 101 is an 800-character
Teletype-compatible CRT computer
display terminal that sells for only
$3495. This stand-alone single-unit
package measures just 12-in, wide
by 14-in. high by 20-in. deep and
weighs only 30 pounds. The unit
has an adjustable internal clock for
synchronous transmission up to
2400 baud.
Booth No. 22015

Modular CRT readout
mixes character styles

Circle No. 281

Madatron Corp., 110 Route 10,
Whippany, N.J. Phone: (201) 759-
8600.

Coupling unlimited character dis-
play with high resolution, modu-
larity, and single-plane viewing, a
new CRT readout can present
virtually any type of graphic sym-
bol—Iletters, numerals, foreign al-
phabets or characters, dollar signs,
and musical symbols. These char-
acters can be displayed in any size
or style, and the display is visible
up to a viewing angle of 160°. The
display modules are miniature
(3/4-in) CRTs.
Dunes Hotel Suite

Circle No. 296
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Announcing
a new panel savings plan.

- Big dividends from

g small pushbuttons.

-‘ It doesn’t take much to re-

duce the size of your con-
trol panels and cabinet
fronts.

All it takes is compact
miniature pushbuttons.
Like the new MICRO
SWITCH illuminated DS.
Two sizes are available
P (34" x 3" for our 1-unit and
118" x 3" for our 1%2-unit). And

both can be matrix mounted on 34"
or 1¥8” centers. So there’s no need for spacers
or barriers.

A long-term investment.

A rugged metal housing encloses each switch
and protects against the bumps and bangs of
military and commercial use.

The housing also helps provide our DS push-
buttons with exceptional RFI attenuation capa-
bility. Incorporated into the housing are welded
skirts that assure positive metal-to-metal
grounding between the switch and adjacent
units. And also between the switch and our
rigid, box-girder matrix frame.

Your choice of options.

Pick the mounting that best fits your appli-
cation. Either individually mounted switches
(meet the requirements of MIL-S-22885) or cus-
tom matrix configurations featuring plug-in
switches that are best for remote stations or
indicating functions.

You can have up to four lamps in every switch.
And either one, two, three or four-way split sec-
tion screens. (The 1%2-unit provides more than
one-third additional legend area.) Full guards
are available for single-unit switches.

Then save even more space by combining
both 1-unit and 1%2-unit switches in the same
matrix. A single frame will handle up to sixteen
1-unit switches or up to ten 1%2-units.

Who can participate in the plan.

MICRO SWITCH DS pushbuttons meet both
commercial and military requirements. So they
can be used in almost any panel from power
plant control to tactical ground support equip-
ment.

For more information, call your MICRO
SWITCH Branch Office or Distributor (in the
Yellow Pages under “Switches, Electric’). He’ll
show you how little it takes to par-

" MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL

INFORMATION RETRIEVAL NUMBER 201
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Vacuum-controlled transport
threads tape automatically

Digital Information Devices, Inc.,
210 Welsh Pool Rd., Lionville, Pa.

Phone: (215) 647-3700.
$1700 to $3000; 3 months.

P&A:

V-Series digital magnetic tape
transports feature automatically
loaded computer-compatible tape
cartridges and a vacuum-controlled
tape movement. Designed for data
acquisition systems, the new tape
drives enable the user to build and
buy according to need. Models are
available from a basic rack-mount-
ed deck to free-standing floor or
table units.

Besides reducing operator han-
dling, the tape cartridge feature
allows the tape to be used in a non-
computer environment without con-
tamination problems from dust and
dirt. After a tape reel is placed in
the cartridge and started on the
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take-up reel, the cartridge is then
loaded and placed into the tape
drive. The transport automatically
threads the tape and advances it
to the load point. On an unload sig-
nal, the tape is automatically re-
wound and retracted into the car-
tridge, which then ejects for
operator access.

The tape system of the new
transports employs dual vacuum
capstans to move the tape. The
vacuum handles reel locking on the
hubs, loading and unloading the
tape, and tape positioning, guiding
and buffering

V-Series units operate from
18-3/4 to 37-1/2 inches per second
at data transfer rates of 15 to 30
kHz. Tapes can have seven or nine
channels for packing densities up
to 800 bits per inch.

Booth No. 17006 Circle No. 335

Tape handler
cleans and tests

Recortee, Inc., 162 8.
Rd., Mountain View, Calif. Phone:
(415) 961-8821. P&A: $6250; 6
wks.

W hisman

Called a tape evaluator cleaner,
a new off-line desktop handler is
designed to evaluate, clean, and
wind computer magnetic tapes.
This device enables data processing
installations to select error-free
tapes for critical applications, to
identify error-prone tapes in a
library, and to evaluate new tapes
before they are utilized. It oper-
ates at 120 inches per second, and
cleans and tests a 2400-ft reel in
less than six minutes.

Booth No. 20002 Cirele No. 264

CRT terminal
controls itself

Imlac Corp., 296 Newton St., Wal-
tham, Mass. Phone: (617) 891-
1600. Price: $6545 to $9450.

Incorporating a 4k mini-proces-
sor and a dynamic CRT display
for input/output ability, the PDS-1
communications terminal can re-
place on-line electromechanical de-
vices without modifying the central
system or present communications
facilities. Since the controller is
preprogramed to simulate the ter-
minal’s exact characteristics, the
PDS-1 can function from 1 to 9600
baud using any bit structure or
code level.
Booth No. 6706 Circle No. 277
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Small Wonder: $6000

Our mini-printers were born with some big advantages. An exclusive one-piece
print hammer, for example, whose ancestors made Data Products
line printers famous for day-in day-out dependability and super-
crisp printing. This in turn, permltted the price break- through
The 80-column printer in large OEM quantities is priced under
$6K. It has a drum speed of 1760 rpm and listings as fast as
1110 lpm for 20 columns. (It can also be engineered into a
fully-interfaced communications terminal by our Systems D1v1-”
sion which sells, leases, installs and maintains our products for “EF»
the end-user market.) Then there’s the new 132-column printer we’re

now now making. It’s a little 1 blgger small wonder. Ask Bob Allen 7( 213) 887 8000

DATA PRODUCTS

6219 De Soto Avenue/Woodland Hills, California 91364

DATA PRODUCTS

Los Angeles 213/887-8000 Minneapolis 612/927-8747 Dallas 214/239-9641  Acton, Mass. 617/263-3961 Bethesda, Md. 301/652-8120
Melbourne, Fla. 305/723-0720 Chicago 312/325-6630 Amsterdam, The Netherlands 020/156-297 London, England 01-579-3116
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Magnetic tape terminal
boosts Teletype speed

e -
T /
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Universal Data Acquisition Co.,
Inc., P.O. Box 36166, Houston, Tex.
Phone: (713) 782-6761. P&A:
$3230; 120 days.

The 5800 Twindek multi-purpose
terminal expands the capabilities
of a teletypewriter by providing
batch input/output transmission at
110 characters per second. Trans-
mission is over voice-grade tele-
phone lines via a modem. Twin
incremental magnetic tape decks,
one read and one write, are used
for data storage. Up to 200,000
characters may be stored on the
reusable cartridges.

Booth No. 12001 Circle No. 27}

Equalized data modem
transmits 96 kbits/s

Codex Corp., 150 Coolidge Avwe.,
Watertown, Mass. Phone: (617)
926-3000. P&A: $13,975; 30 days.

By means of a specially devel-
oped digital adaptive equalizer, a
new data modem can quadruple the
capacity of 2400-bit-per-second
voice-grade lines to 9600 bits per
second. Model AE-96 automatically
measures and compensates for in-
tersymbol amplitude and delay dis-
tortion. Initial circuit equalization,
via a pushbutton, requires only 3.5
seconds.

Booth No. 8510 Circle No. 283
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Video display
views in color

Delta Data Systems Corp., Wood-
haven Industrial Park, Cornwells
Heights, Pa. Phone: (215) 639-
9400. P&A: $7100; 60 to 90 days.

Featuring full compatability with
the mini-computers used in process
control and other systems applica-
tions, a new video display terminal
allows information to be entered
on its screen in one of four colors.
Any character can be any one of
the colors. The Delta 1 video dis-
play includes such features as TV
compatability, and blink and for-
mating.

Booth No. 6409 Circle No. 28}

Computer terminal
types and plots

7

Typdg;'aplz

Corp.,
Court, San Diego, Calif. Phone:
(714) 279-5690. Price: $200/month
rental or $6000.

7525 Convoy

A new computer terminal for
time-sharing and general-purpose
use incorporates all the functions
of a precision X-Y plotter with
those of a normal teleprinter. Model
3 performs both text typing and
graphic plotting on the same con-
tinuous sheet of paper. It can plot
or print in any direction (up, down,
right or left) in variable-spacing
increments with a resolution of
0.02 in.

Booth No. 6301 Circle No. 293

MOS-encoded keyboard
gives four codeevels

Microswitch Div.,
Chicago and Spring St., Freeport,
Ill. Phone: (815) 232-1122. Price:
$88 in quantity.

Honeywell Inc.,

With its MOS encoding large-
scale integrated circuit, a new uni-
versal solid-state keyboard can gen-
erate up to four levels of code from
a single key. This makes the unit
compatible with remote communi-
cations terminals or data prepara-
tion devices such as keypunch ma-
chines, and key-to-magnetic tape,
key-to-disc and key-to-cassette ma-
chines.

Booth No. 7301 Circle No. 282

Versatile displays
work at 1200 baud

Sycor, Inc., 117 N. First St., Ann

Arbor, Mich. Phone: (313) 769-
1500. Price: $7000 to $9400.
Two new programmable video

terminals offer asynchronous trans-
mission in ASCII code (11-bit
character structure) at 110, 600,
or 1200 baud, half- or full-duplex
modes, with parity check. Both
units are completely self-contained
and do not require an external con-
troller. They allow customized key-
board layouts, stored messages that
can be displayed with a single key,
stroke.

Booth No. 1600

Circle No. 285
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Clairex
standard photocells meet

98% of all requirements...
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but if you reall
need a special...

we'll design it for you.

Clairex has the widest line of standard cells available. Light control has
been our business since 1953.

For complete information on our stock photocells or for special
assistance with your problems call (212) 684-5512 or write Clairex,
1239 Broadway, New York, N.Y. 10001.

CLAIREX ELECTRONICS,INC.



[3|[7||OEM REGULATED POWER SUPPLIES

FREE: Send for complete catalog.

GENERAL SPECIFICATIONS Outpu! Current vs. Temperature: FuII. rated output at 45°C
ambient, and is derated for operation to 71°C. A modest

Voltage Input: 105-125VAC, 47-420cps : amount of forced air cooling will permit full output at 71°C.

Current Output: 1.25 to 34 amps Consult factory for details.

S s e Overload & Short Circuit Protection: Solid state short circuit

on: ; verlo :

R.egulatlon =0nE Ilng andoad and overload protection. Instantaneous recovery, and auto-

Ripple: Less than 250 microvolts matic reset. Cannot be damaged by prolonged short circuits

Response Time: Less than 20 microseconds or overloads.

OEM SERIES C
5%2"W x 3%6"H x 7%"D
Net Wt.: 8% pounds
Shipping Wt.: 10% pounds
Price:

$13700

OEM SERIES A
3%6"Wx37%"Hx 5% "D
Net Wt.: 334 pounds
Shipping Wt.: 4% pounds
Price:

$7900

Giider VOAL[.)riléSETARBALNEGE' AMBIENT TEMPERATURE SoheL VOALDT.IJ\%SE“:!BAlNEGE, AMBIENT TEMPERATURE

0.5 volts 45°C 50°C 60°C 71°C 0.5 voits 45°C 50°C 60°C 71°C
OEM-3-A 3.0 =.5 volts 1,25 amps 1.17 1.03 .88 OEM-3-C 3.0 ==.5 volts 4.00 amps 3.7 3.3 2.8
OEM-3.6-A 3.6 ==.5 volts 1.25 amps 147 1.03 .88 OEM-3.6-C 3.6 .5 volts 4.00 amps 3.7 3.3 2.8
OEM-4-A 4.0 =5 volts 1.25 amps 1.17 1.03 .88 OEM-4-C 4.0 .5 volts 4.00 amps 3.7 3.3 2.8
OEM-4.5-A 4.5 +.5 volts 1.25 amps 147 1.03 .88 OEM-4.5-C 4.5 .5 volts 4.00 amps 3.7 3.3 2.8
OEM-5-A 5.0 =.5 volts 1.25 amps 1.17 1.03 .88 OEM-5-C 5.0 =£.5 volts 4.00 amps 3.7 3.3 2.8
OEM-6-A 6.0 ==.5 volts 1.25 amps A7 1.03 .88 OEM-6-C 6.0 ==.5 volts 4.00 amps 3.7 3.3 2.8
OEM-8-A 8.0 .5 volts 1.25 amps 1.17 1.03 .88 OEM-8-C 8.0 =£.5 volts 4.00 amps 3.7 3.3 2.8
OEM-10-A 100 =5volts | 1.25amps | 117 | 1.03 88 OEM-10-C 100+5volts | 4.00amps | 37 3.3 2.8
OEM-12-A 12.0 =.5 volts 1.25 amps 1.17 1.03 .88 OEM-12-C 12.0 .5 volts 3.75 amps 3.5 3.1 2.6
OEM-15-A 15.0 ==.5 volts 1.25 amps 1.17 1.03 88 OEM-15-C 15.0 .5 volts 3.50 amps 3.3 2.9 2.4
OEM-18-A 18.0 ==.5 volts 1.00 amps .94 .82 .70 OEM-18-C 18.0 =£.5 volts 3.25 amps 3.0 2.6 2.2
OEM-20-A 20.0 .5 volts .90 amps .84 .74 .63 OEM-20-C 20.0 =.5 volts 3.00 amps 2.8 2.4 2.1
OEM-24-A 24.0 =.5 volts .80 amps .75 .66 .56 OEM-24-C 24.0 =£.5 volts 2.75 amps 2.6 2.2 1.9
OEM-28-A 28.0 .5 volts .70 amps .66 .58 .49 OEM-28-C 28.0 .5 volts 2.50 amps 2.3 2.0 1.7
OEM-36-A 36.0 .5 volts .60 amps .56 .49 42 OEM-36-C 36.0 ==.5 volts 2.00 amps 1.9 1.6 1.4
OEM-48-A 48.0 =.5 volts .30 amps .28 .25 21 OEM-48-C 48.0 =5 volts 1.25 amps 1.17 1,03 .88

OEM SERIES D
5%,"W x 3%6"H x 9% "D
Net Wt., 11%2 pounds
Shipping Wt.: 14 pounds
Price:

$15400

OEM SERIES B
3%6'Wx37"Hx 6% "D
Net Wt.: 54 pounds
Shipping Wt.: 63 pounds
Price:

$10200

+0.5 volts 45°C 50°C 60°C 71°C 0.5 volts . 45°C 50°C 60°C 71°C
OEM-3-B 3.0 =.5 volts 2,50 amps 2.3 2.0 1.7 OEM-3-D 3.0 ==.5 volts 6.00 amps 5.6 4.9 4.2
OEM-3.6-B 3.6 =-.5 volts 2.50 amps 2.3 2.0 1.7 OEM-3.6-D 3.6 .5 volts 6.00 amps 5.6 4.9 4.2
OEM-4-B 4.0 .5 volts 2.50 amps 2.3 2.0 1.7 OEM-4-D 4.0 =£.5 volts 6.00 amps 5.6 4.9 4.2
OEM-4.5-B 4.5 =5 volts 2.50 amps 2.3 2.0 1.7 OEM-4.5-D 4.5 ==.5 volts 6.00 amps 5.6 4.9 4.2
OEM-5-B 5.0 .5 volts 2,50 amps 43 2.0 1.7 OEM-5-D 5.0 .5 volts 6.00 amps 5.6 4.9 4.2
OEM-6-B 6.0 ==.5 volts 2.50 amps 2.3 2.0 1.3 OEM-6-D 6.0 ==.5 volts €.00 amps 5.6 ° 4.9 4.2
OEM-8-B 8.0 .5 volts 2.50 amps 2.3 2.0 1.7 OEM-8-D 8.0 =.5 volts 5.60 amps 5.3 4.6 3.9
OEM-10-B 10.0 =.5 volts 2.50 amps 2.3 2.0 1.7 OEM-10-D 10.0 =.5 volts 5.20 amps 4.9 4.3 3.6
OEM-12-B 12,0 .5 volts 2.50 amps 2.3 2.0 7 OEM-12-D 12.0 =.5 volts 5.00 amps 4.7 4.1 3.5
OEM-15-B 15.0 &£.5 volts 2.50 amps 2.3 2.0 1.7 OEM-15-D 15.0 =5 volts 4.50 amps 4.2 3.7 3.1
OEM-18-B 18.0 =£.5 volts 2.25 amps 2.1 1.8 1.6 OEM-18-D 18.0 ==.5 volts 4.20 amps 3.9 3.4 29
OEM-20-B 20.0 .5 volts 2.00 amps 1.9 1.6 1.4 OEM-20-D 20.0 ==.5 volts 4.10 amps 3.8 3.3 2.8
OEM-24-B 24.0 =5 volts 1.90 amps 1.8 1.5 1.3 OEM-24-D 24.0 =.5 volts 3.50 amps 3.3 2.9 2.4
OEM-28-B 28.0 =.5 volts 1.80 amps 1.7 1.4 1.2 OEM-28-D 28.0 *.5 volts 3.30 amps 3.1 2.7 2.3
OEM-36-B 36.0 .5 volts 1.20 amps 1A 1.0 0.8 OEM-36-D 36.0 ==.5 volts 3.00 amps 2.8 2.4 2
OEM-48-B 48.0 ==.5 volts 0.60 amps .56 0.5 42 OEM-48-D 48.0 ==.5 volts 2.00 amps 1.9 1.6 1.4

pOWER/MATE con 514 South River Street / Hackensack, N. J. 07601

ﬁlm'm " Phone (201) 343-6294 / TWX (710) 990-5023
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*QUANTITY DISCOUNTS UP TO 50%

*HIGH PERFORMANCE AT NO EXTRA COST

AVAILABLE OPTIONS

1. Built-in over-voltage protection at $30 per unit. Use suffix

uovn.

2. Fungus proofing, with MIL-V-173 varnish, for all fungus nu-
trient components, at $10 per unit. Usé suffix “F".

3. AC input. All units are available with 208 VAC +=10% (use
suffix “L") or 230 VAC +=10% (use suffix “LL”) at no extra

cost.

HOW TO ORDER

To specify voltage and current, in-

QUICK SELECTOR
TABLE OF CONTENTS

Model Voltage Current
OEM-A 0-48 0.5 amps
OEM-B 0-48 1.5 amps
OEM-C 0-48 Upto 4
OEM-D 0-48 Upto 8
OEM-E 0-48 Up to 12
OEM-F 0-48 Up to 18
OEM-G 0-48 Up to 24
OEM-H 0-48 Up to 34

cluding those not listed, place the
required voltage after OEM-, and
the current after the case size A, B,
etc. For example — OEM-34C-2.25.

Price:

OEM SERIES E
534,"W x 5%2"H x 938 "D
Net Wt.: 15%2 pounds
Shipping Wt.: 19 pounds

$17700

Price:

OEM SERIES G
7Y2"W x5%2"Hx 117 "D
Net Wt.: 2534 pounds
Shipping Wt.: 30% pounds

$26800

MODEL VOLTAGE RANGE, AMBIENT TEMPERATURE Y o NSRADLELS AMBIENT TEMPERATURE
0.5 volts 45°C 50°C 60°C 71°C =0.5 volts 45°C 50°C 60°C 71°C
OEM-3-E 3.0 ==.5 volts 12.00 amps e 99 8.4 OEM-3-G 3.0 =.5 volts 24.00 amps 22.5 19.8 16.8
OEM-3.6-E 3.6 .5 volts 12.00 amps 1.3 99 8.4 OEM-3.6-G 3.6 .5 volts 23.00 amps 21.6 19.0 16.1
OEM-4-E 4.0 =.5 volts 12.00 amps 11.3 99 8.4 OEM-4-G 4.0 .5 volts 23.00 amps 21.6 19.0 16.1
OEM-4.5-E 45=*=5volts | 12.00amps | 11.3 9.9 8.4 OEM-4.5-G 45x=5volts | 22.00amps | 20.7 18.2 15.4
OEM-5-E 5.0 =.5 volts 12.00 amps 1.3 99 8.4 OEM-5-G 5.0 .5 volts 22.00 amps 20.7 18.2 15.4
OEM-6-E 6.0 =5 volts 11.00 amps 10.3 9.1 7.7 OEM-6-G 6.0 .5 volts 21.00 amps 19.8 17.4 14.7
OEM-8-E 8.0 =£.5 volts 10.50 amps 9.9 8.6 7.3 OEM-8-G 8.0 ==.5 voits 20.00 amps 18.8 16.5 14.0
OEM-10-E 10.0 =.5 volts 9.50 amps 8.9 7.8 6.6 OEM-10-G 10.0 =.5 volts 18.00 amps 16.9 14.8 12.6
OEM-12-E 12.0 .5 volts 9.30 amps 8.7 LT 6.5 OEM-12-G 12.0 =£.5 volts 17.00 amps. 16.0 14.0 11.9
OEM-15-E 15.0 ==.5 volts 8.00 amps 7.5 6.6 5.6 OEM-15-G 15.0 =£.5 volts 16.00 amps 151 13.2 11.2
OEM-18-E 18.0 .5 volts 7.50 amps 7.0 6.2 5.2 VEM-18-G 18.0 =5 volts 15.00 amps 14.1 12.4 10.5
OEM-20-E 20.0 =%=.5 volts 7.00 amps 6.6 5.8 4.9 QEM-20-G 20.0 .5 volts 14.00 amps 13.2 1.5 9.8
OEM-24-E 24.0 -£.5 volts 6.00 amps 5.6 4.9 4.2 OEM-24-G 24.0 .5 volts 13.00 amps 12.2 10.7 9.1
OEM-28-E 28.0 =£.5 volts 5.50 amps 5.2 4.5 3.8 OEM-28 G 28.0 .5 volts 12.00 amps 11.3 9.9 8.4
OEM-36-E 36.0 =£.5 voits 5.00 amps 4.7 4.1 3.5 OEM-36-G 36.0 =.5 volts 10.00 amps 9.4 8.7 7.0
OEM-48-E 48.0 =.5 volts 3.00 amps 2.8 2.5 21 OEM-48-G 48.0 .5 volts 7.00 amps 6.6 5.8 4.9

Price:

OEM SERIES F
7%2"W x 5%,"H x 9% "D
Net Wt.: 20% pounds
Shipping Wt.: 24%2 pounds

$20800

Price:

OEM SERIES H
7Y2"W x 5%2"H x 16%2"D
Net Wt.: 3472 pounds
Shipping Wt.: 39%2 pounds

$31800

oot v OALI':‘JA%SETARiLNEGE, AMBIENT TEMPERATURE et o OALg'il(,;sET‘:!BALNEGE, AMBIENT TEMPERATURE

=+0.5 volts 45°C 50°C | 60°Cc | 71°C 0.5 volts 45°C 50°C | s60°C | 71°C
OEM-3-F 3.0 =.5 volts 15.00 amps 14.1 12.4 10.5 OEM-3-H 3.0 .5 volts 34.00 amps 32.0 28.1 23.8
OEM-3.6-F 3.6 .5 volts 15.00 amps | 14.1 12.4 10.5 OEM-3.6-H 3.6 =.5volts | 33.00 amps | 31.0 27.3 23.1
OEM-4-F 4.0 .5 volts 15.00 amps 14.1 12.4 10.5 OEM-4-H 4.0 .5 volts 33.00 amps 31.0 27.3 23.1
OEM-4.5-F 45+5volts | 15.00 amps | 14.1 12.4 10.5 OEM-4.5-H 4.5*5volts | 32.00 amps | 30.1 26.5 22.4
OEM-5-F 5.0 +.5volts | 15.00 amps | 14.1 12.4 10.5 OEM-5-H 5.0 .5 volts | 32.00 amps | 30.1 26.5 22.4
OEM-6-F 6.0 .5 volts 15.00 amps 14.1 12.4 10.5 OEM-6-H 6.0 .5 volts 31.00 amps 29.2 25.6 21.7
OEM-8-F 8.0 .5 volts 14.20 amps | 13.4 11.7 9.9 OEM-8-H 8.0 +.5volts | 29.00 amps | 27.3 24.0 20.3
OEM-10-F 10.0 =5 volts 12.80 amps | 12.0 10.6 8.9 OEM-10-H 10.0 *.5 volts | 25.00 amps | 23.5 20.7 17.5
OEM-12-F 12.0 =.5 volts 12.00 amps 11.3 9.9 8.4 OEM-12-H 12.0 =.5 volts 23.00 amps 21.6 19.0 16.1
OEM-15-F 15.0 =5 volts | 11.00 amps | 10.3 9.1 7.7 OEM-15-H 15.0 =.5volts | 21.00 amps | 19.8 17.4 14.7
OEM-18-F 18.0 .5 volts 9.90 amps 9.3 8.2 6.9 OEM-18-H 18.0 =.5volts | 19.00 amps | 17.9 15.7 13.3
OEM-20-F 20.0 .5 volts 9.40 amps 8.8 7.7 6.5 OEM-20-H 20.0 =.5 volts 17.00 amps | 16.0 14.0 11.9
OEM-24-F 24.0 =.5 volts 8.70 amps 8.2 7.2 6.1 OEM-24-H 24.0+.5volts | 16.00 amps | 15.1 13.2 11.2
OEM-28-F 28.0 =.5 volts 8.00 amps 7.4 6.6 5.6 OEM-28-H 28.0 ==.5 volts 15.00 amps 14.1 12.4 10.8
OEM-36-F 36.0 ==.5 volts 7.40 amps 6.9 6.1 5.2 OEM-36-H 36.0 =.5volts |12.00 amps | 11.3 9.9 8.4
OEM-48-F 48.0 .5 volts 4.50 amps 4.2 3.7 3.15 OEM-48-H 48.0 .5 volts 8.50 amps 8.0 7.0 5.9

POWER/MATE co np 514 South River Street / Hackensack, N. J. 07601

* Phone (201) 343-6294 / TWX (710) 990-5023 ﬂlm'm
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FJCC PRODUCTS

CRT display terminal
is fully self-contained

Sk g

JE—

Hypertech Corp., 7343 W. Wilson
Avwe., Harwood Heights, Ill. Phone:
(312) 867-4200.

Suitable for off-line data entry
and/or retrieval, as well as on-line
use with a computer, a new port-
able desktop terminal is a com-
pletely self-contained unit. Model
GTU-1 has its own keyboard,
micro-processor, video display sys-
tem, and two magnetic-tape cassette
recorder/reproducers. It is said to
be compatible with virtually any
electronic data processing system
in use today.

Booth No. 35001 Circle No. 350

Compact mini-computer
incorporates processor

=
e

ﬁA'JI

Micro Systems Inc., 644 E. Young
St., Santa Ana, Calif. Phone (714)
540-6730. P&A: from $10,000; 30
days.

With a feature-packed basic con-
figuration, a new mini-computer
includes a micro-programed proc-
essor with a systems control panel,
a power supply, a 4096 by 9-bit
core memory, memory parity, a
real-time clock, and six communi-
cations rate clocks. The Micro 812
system also has provisions for ac-
commodating up to five communi-
cations interface boards. It can ac-
commodate up to six different baud
rate combinations at one time.
Booth No. 5915 Circle No. 263

C56

Microfilm readers
see 95,000 lines

Microform Data Systems, Inc.,
Palo Alto Office Center, Palo Alto,
Calif. Phone: (415) 327-6495.

Two new microfilm readers, the
manual Mindex/330 and the auto-
matic Mindex/350, use six-inch
ultrastrips that can store more
than 95,000 lines of computer
printout. Within a few seconds,
the proper image can be displayed.
With the automatic reader, the
proper page is electronically access-
ed from a keyboard. A hard-copy
print attachment is also available.
Booth No. 5010 Circle No. 262

Digital computer
cycles in 1u

CHENWEE FEEEEENN.

Wilkinson Computer Sciences, Inc.,
P.O. Box 350, Bedford, Mauass.
Phone: (617) 275-8881. P&A:
$8810; 30 days.

Available in memory sizes from
4k to 65k words, a new high-speed
general-purpose digital computer
offers a cycle time of 1 us. Model
881 has a minimum memory of 4k
words with eight-bit lengths. There
are 78 basic instructions and four
true hardware priority interrupts.
Add time is 3 us; hardware multi-
ply time is 7 us for a 16-bit prod-
uct.

Booth No. 122

Circle No. 340

Rugged mini-computer
meets MIL environment

Rolm Corp., 10925 N. Wolfe Rd.,
Cupertino, Calif. Phone: (408) 257-
6440. Price: $20,000.

Designed to meet the environ-
mental requirements of Mil-I-5400,
Mil-E-16400, and Mil-I-6181, a new
16-bit-word general-purpose mini-
computer conductively cools its
electronics to provide an operating
temperature range of —55 to
+95°C. In addition, model 1601
extensively uses MSI TTL inte-
grated circuits to achieve a mean-
time-between-failure in excess of
11,000 hours.

Booth No. 7413 Circle No. 351

Parallel mini-computer
contains 1.5-us memory

Fujitsu Limited, 680 Fifth Awve.,
New York, N.Y. Phone (212) 265-
5360. P&A: $9210; 4 to 5 months.

The FACOM-R is a 16-bit,
stored - program, general - purpose
parallel mini-computer that has a
memory with a 1.5-us cycle time.
The memory is expandable from
4k to 32k words. Various periph-
eral units can be attached to the
new machine. These include an a/d
converter, X-Y plotter, line printer,
optical mark reader, CRT display,
disc file, and a communications
control adapter.

Booth No. 7318 Circle No. 265
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INPUT A, CONTROL
INPUT A
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SELECT A
SELECT B
INPUT B,

BUFFER
CONTROL
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@ The first application of linear and digital technology
in one monolithic sub-system.

@ The RA-2540R system in a single chip performs the
functions of two hardened differential amplifiers
and a hardened voltage comparator

@ 1 mV signal sensitivity in high noise environment

@ 10 ns access time

@ Internal D.C. restoration

@ Selectable dual channel

@ Hardened

Photo current compensation
Dielectric isolation

Thin film resistors
Advanced device design

You always get: Off-the-shelf delivery, full plated-wire
temperature range and compliance with MIL-STD-883
... when you pick the BEST IC for the job from
Radiation’s fast expanding linear-hardened line.

r

Lexington, Massachusetts (617) 862-1055
Norwalk, Connecticut (203) 853-3641

| an 4

Washington, D.C. (202) 337-4914

Dallas, Texas (214) 231-9031

Long Beach, California (213) 426-7687

Palo Alto, California (415) 321-2280

Albuguerque, New Mexico (505) 268-3549

P.0. Box 37, Melbourne, Florida 32901 (305) 727-5430

RADIATION
N C O R PORAT E D

SUBSIDIARY OF HARRIS INTERTYPE CORPORATION
MICROELECTRONICS DIVISION
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FJCC PRODUCTS

Core memory system
accesses in 350 ns

Fabri-Tek, Inc., 5901 S. County
Rd, 18, Minneapolis, Minn. Phone:
(612) 935-8811. Price: from $2000.

Providing an access time of 350
ns, a new core memory system is a
3-D three-wire random-access stor-
age unit with a capacity of 4096
words by 18 bits or 8192 words by
nine bits. Model 480 can be ex-
panded with plug-ins to a capacity
of 16,384 words by 18 bits or 8192
words by 36 bits. Full-cycle time
is 900 ns plus modify time.

Booth No. 5200 Circle No. 280

Document reader
eases operation

Motorola Instrumentation and Con-
trol Inc., P.O. Box 5409, Phoenix,
Ariz. Phone: (602) 959-1000.

Model MDR-1000 document read-
er is an optical-mark machine that
translates data to USASC11
language or to other binary decimal
codes from punched or pencil-mark-
ed forms for near-real-time entry
in bit-serial or bit-parallel form. It
drives telephone data sets, acoustic
couplers, and common carrier cir-
cuits.

Booth No. 305 Circle No. 288

Miniature High QAir Capacitors!

B SIZE: .220” dia. 15/32” length

H Q @ 100 mc: >5000

B CAPACITANCE RANGE: 0.4 — 6 pf

B NON-MAGNETIC

New miniature series features high quality materials and
workmanship typical of all Johanson Variable Air Capacitors.

Hoflainy

Write or Phone

MANUFACTURING CORPORATION
400 Rockaway Valley Road, Boonton, N. J. 07005 (201) 334-2676 ‘

INFORMATION RETRIEVAL NUMBER 207
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Acoustic data term_inal
runs on six batteries

Technitrend, Inc., Data Communi-
cations Systems, 7300 N. Crescent
Blvd., Pennsauken, N.J. Phone:
(609) 665-4910. P&A: $230 to
$350,; stock to 30 days.

Operating from six ordinary bat-
teries, a new portable data termin-
al converts an ordinary dial tele-
phone into a remote input/output
terminal. It is designed for use
with computer-controlled voice-re-
sponse systems. To operate, the
user places the telephone handset
in the terminal’s cradle, dials the
computer, waits for an audible tone
response, and depresses pushbutton
keys to give messages to the com-
puter.

Booth No. 18003 Circle No. 261

- Compact data terminal

runs on-line/off-line

Sys-

‘ Intercontinental
‘ tems Inec., 2600 El Camino Real,

Dura Div.,

Palo Alto,
328-5660.

In a package only slightly larg-
er than a standard electric type-

Calif. Phone: (415)

‘ writer, a new data terminal pro-

vides complete paper-tape and
edge-card input/output capabili-

ties, a heavy-duty keyboard/print-
er, and a terminal control unit.
Model 1051 can reduce computer
usage costs because it enables the
user to transmit error-free data
on-line.

Booth No. 7308 Cirele No. 295
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Breakthrough For Automation!

A COMPLETE, LOW-COST AUTOMATION SOLUTION

If you need an OEM computer for your next automation
product, General Automation has the complete, low-cost
solution . . . pre-engineered and ready to install. . .and
that includes all the computers, interfaces, software and
services.

Our SPC-12 automation computer offers you new levels of
computer value and reliability . . . it's specifically designed
to work in industrial environments. The SPC-12 plugs in
and works, the first time, and keeps on working. Hundreds
are on the job working.

And to add even more value to your product, our unique
family of mini-controllers tie the SPC-12 directly to

GENERAL AUTOMATION, INC.

Automation Products Division

machines, devices, communications networks, sensors and
instruments, eliminating excessive and redundant electron-
ics. Your products can serve more markets.

If you require software or services our Automation
Sciences Division will provide you with complete software
programs and technological services to get your product
to the market faster.

Put this complete low-cost automation computer in your
product today for only $5000.00 . . . and much less in OEM
quantities. You'll be surprised just how easy it is. Call or
write today, there's a General Automation office near you.

706 West Katella, Orange, Calif. (714) 633-1091, TWX 910-593-1601

Sales Offices: Waltham, Mass. (617) 899-6170 ® New Rochelle, N.Y. (914) 235-9300 e Silver Spring, Md. (301) 593-6010 ® King of Prussia, Pa. (215) 265-6525 e Atlanta, Ga. (404)
261-6203, 261-6204  Cleveland, O. (216) 351-2275 e Des Plaines, Ill. (312) 298-4650 e Dallas, Tex. (214) 358-0271 ® Los Altos, Calif. (415) 941-5966 ® Orange, Calif. (714) 639-3791
International, Wren House Portsmouth Rd. Esher, Surrey, England; Esher, 65764

See SPC-12 at F.J.C.C., Booths 8101-8104, November 18-20, Las Vegas



Announcing Digitest 500,
ne $250 digital multimeter
om Honeywell

No kidding. $250

This world’s smallest multimeter may be inexpensive to buy, but that's the only
thing cheap about it.

Take capability. Our Digitest 500 gives you five functions
(resistance, AC and DC voltages, AC and DC currents), plus 17
ranges to choose from. And it can be operated from 117V
50-60Hz line or an external 12V source. Or consider accuracy:
Digitest 500 is five times as accurate as the conventional VOM.

As you can see, we've made it both compact and
lightweight (2% Ibs.), by using a large-scale integrated
circuit. So the Digitest 500 is just 2%" x 5” x 9”, but
has polarity indication, a moving decimal point,
an overload indicator and built-in calibration check.
Plus overrange up to 100% (on all ranges except
300VAC).

To get a free demonstration — or more details—
write Don Anderson, M.S. 206, Honeywell
Test Instruments Division, P.O. Box 5227,
Denver, Colorado 80217.

Honeywell
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There’s a.lot more
to making modules than
buying a few IC’s and slapping
them on a board. For one thing,
the modules almost never work —
the first time. Almost never the second
time. Occasionally the third time. And
that’s only the prototype.
Chances are, Digital already has the
optimum design, computer tested, fully debugged,
manufactured, and sitting there on the shelf.

Frustrating, isn’t it?

Digital’s M Series is the most complete, fully
compatible, high speed, integrated circuit, inexpensive
line of modules anywhere. We manufacture several
million a year — many for our own computers —
and know how.

Send for our new Logic Handbook. It tells you
what, why, and how to build logic systems from modules.
But, alas, not how to build the modules themselves.

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone:
(617) 897-5111 / Cambridge, Mass. / New Haven / Washington, D.C. / Parsippany,
Palisades Park, N.J. / Princeton, N.J. / Rochester, N.Y. / Long Island, N.Y. /
Philadelphia / Pittsburgh / Cleveland / Dayton / Huntsville / Cocoa, Fla.
/ Chicago / Denver / Ann Arbor / Salt Lake City / Houston /
Albuquerque / Los Angeles / Palo Alto / Seattle. INTERNATIONAL,
Carleton Place and Toronto, Ont. / Montreal, Quebec / Edmonton,
Alberta, Canada / Reading and Manchester, England /
Paris, France / Munich and Cologne, Germany / Oslo,
Norway / Stockholm, Sweden / Sydney and
West Perth, Australia.

MODULES - COMPUTERS
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MOS memory card
stores | 1

Cambridge Memories, Inc., 285
Newtonville Ave., Newtonville,
Mass. P&A : $300 typical; 30 days.

Said to be the first character-
buffer memory unit that employs
MOS technology for storage, the
MOS-8S sequential-access system
is completely TTL interfaced, and
stores up to 1600 bits on a 5-3/4 by
5-3/4-in. plug-in card. It is avail-
able in several configurations, rang-
ing from 50 one-bit words to 200
eight-bit words. The memory sys-
tem can operate as a data format-
ting unit or line buffer.

Booth No. 8422 Cirele No. 286

Fast data set
works 2400 bits/s

RFL Industries, Inc., Communica-
tions Div., Boonton, N. J. Phone:
(201) 334-3100. P&A: $1900; 60
days.

Using four-phase differentially
coherent modulation, a new high-
speed data modem transmits and
receives serial bindary data over a
voice bandwidth at a synchronous
rate of 2400 bits per second. Model
3952 is designed for use with all
present-day transmission equip-
ment, including conventional and
dedicated telephone lines, power
lines, microwave and radio.

Booth No. 6718 Circle No. 342

C62

Three-wire 3-D memory

tores 16k at 40 bits

Electronic Memories & Magnetics
Corp., Electronic Memories Div.,
12621 Chadron Awve., Hawthorne,
Calif. Phone: (213) 772-5201.

Rugged enough for ground-based
military applications, a new three-
wire three-dimensional memory
stack features 22-mil cores, sub-
microsecond speeds, and capacities
from 4096 to 16,384 words of up
to 40 bits. Nanostak N S-020 offers
800-ns operation for 4096 words,
and a slightly slower operation for
larger sizes. The unit also in-
creases reliability by reducing
solder joints by 50%.

Booth No. 301 Circle No. 275

Data entry terminal
uses adding machine

; B - T
Applied Peripheral Systems, Inc.,
sub. of R/G Computing & Process-
ing, Inc., P.O. Box 56221, Houston,
Tex. Phone: (713) 785-5040. P&A :

$1850; December, 1969.

Designed for entering, collect-
ing and transmitting information
for any application where numbers
are the primary data, model DG 4
data entry terminal utilizes a 10-
key adding machine to enter data
and produce hard copy. When one
of the adding machine function
keys is pressed, numbers are stored
in memory, then recorded on a 1/4-
in. magnetic tape cassette.

Booth No. 6422 Circle No. 298

Three-wire memory
cycles in 900 ns

ot
e

Datacraft Corp., P.O. Box 23550,
Fort Lauderdale, Fla. Phone: (305)
933-2651.

Intended for use in modern com-
puting and data handling
tems, a new three-wire 3-D mag-
netic core memory system offers a
full-cycle time of 900 ns. Basic
memory capacity for model 22 is
8192 words with 20-bit lengths or
4096 words with 40-bit lengths. In
addition, this new memory does not
require any field adjustments; all
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