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Large single-computer systems intelligent terminals. The results?
are increasingly being replaced More flexible operation, simplified
by decentralized installations, software and reduced computer
consisting of multiple minis, data downtime. For the latest trends
networks, microprocessors and in computer design, turn to P. 61.
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How to save
time and money
on .156 connectors.

o

/f/

Dale's EBT 156 Edgeboard gets you
back to money-saving basics. It's a simple
design. Single readout. Tuning fork contacts.

Handles 1/16"” boards and doesn’'t complain
about thickness variations.

Best of all, this simplicity gives the EBT 156 the kind
of basic reliability that lets you safely cut your cost per
contact. In many applications it's an excellent replacement
for the bifurcated models you're now using.

EBT 156 models are available with 6, 10, 12, 15, 18, or 22 contacts /,/
in a choice of wire wrap, eyelet and dip solder terminations. Polarizing f{i“‘

can be done at the factory or in the field.

Add to this the fact that we can deliver
in from 2 to 4 weeks and you have all the -4 wee
makings of a really good deal. To find out
just how good call the factory —605-665-9301

®
or dial 800-645-9200 for the name of your dellver
nearest Dale Representative. ®

DALE ELECTRONICS, INC.
East Highway 50, Yankton, S.D. 57078

A subsidiary of The Lionel Corporation
In Germany: Dale Electronics GMBH,

8 Munchen 60, Falkweg 51
In Canada: Dale Electronics Canada, Ltd.
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SURPRISE!

HP’s new 5082-7750 series 5082-7730 series

HP displays are bigger than ever?!

Now you can get a big, readable 0.43 inch LED display without
sacrificing the simplicity and economy of single chip per segment design.
Bright enough to clearly see 20 feet away. HP's 5082-7750 series
display features the same wide viewing angle, excellent readability and the
same pin configuration as our 0.3 inch 5082-7730 series displays.
Just $3.50 each in 100 quantities® =

Contact Schweber, Hall-Mark or the Wyle Distribution Group for HEWLETT If PACKARD

immediate delivery. Or, write us for more details. This is one
display you won’t want to miss.
Sales and service from 172 offices in 65 countries.

*Domestic USA price only 1501 Page Mill Road, Palo Alto, California 94304
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We shaped up DC

Solid state relay with
controlled rise and fall time

Take a good solid state DC relay —
Teledyne’s 603, for example — add
some shaping circuitry so its response
waveshape is carefully altered (rise
time, turn-off slope, etc.), and something
good happens for designers. In-rush
currents for capacitive and lamp loads
are limited, and so are turn-off
transients for inductive loads. Also,
controlled rise and fall time minimize
EMI and switching transients.

An excellent choice for applications like
process control systems, and machine
tool controls, the 603 is optically
isolated, with sensitive control input
(directly compatible with TTL). It's
available for loads up to 5 amps, 50 VDC.

The 603 also features Teledyne’s
exclusive “adaptive” packaging. ..
screw or quick-disconnect terminals
for chassis mounting, pins for

PC boards.

If your application is less critical about
in-rush currents and transients, you can
order the 603 without controlled rise
and fall time; it’s identical, with a fast
clean conventional waveshape. If you
want to switch even higher level loads,
shape up and call Teledyne.

“9" TELEDYNE RELAYS

3155 West El Segundo Boulevard Hawthorne, California 90250
Telephone (213) 973-4545
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INTRODUCING
MONO-GLASS




A JEWELOF A

CAPACITOR

END SLUGS

RGP AN

GLASS SLEEVE

U.S. Capacitor Corp. has done some-
thing elegant for high volume capaci-
tor users . . . MONO-GLASS.

This glass encapsulated monolithic
ceramic capacitor offers something
special: for the Design Engineer
looking for cost reduction and de-
pendability; for the purchasing agent
looking for low price with fast deliv-
ery; for the incoming Q.C. inspector
who is looking for reliability.

AUTOMATIC INSERTION:

If you use it, you know the sub-
stantial savings in time and cost.
MONO-GLASS is designed for au-
tomatic insertion with the same
equipment used for diodes and re-
sistors. Reel packed and ready for
your machines.

USCC/Centralab

DURABILITY:

Our hermetically sealed, glass-to-
metal construction offers these ad-
vantages: solderless internal contacts
that won’t reflow in your wave-
soldering process; no glass fracturing
during lead forming—stress is trans-
ferred to the end slugs rather than
the glass sleeve.

HIGH VOLUME; LOW PRICE

USCC’s production capability for
chip capacitors is second to none.
MONO-GLASS is produced by a
simple assembly technique. Combine
these two and you get the best possi-
ble delivery for high quantity re-
quirements, at a budget price.

WIDE SELECTION:

Four case sizes are available . . .
200:x:100; +:250 x .100; <.300 x
.150 and .400 x .150. The 50 and
100 WVDC units offer up to .01
mfd in COG dielectric, to .18 in
X7R and up to 1.0 mfd in the Y5V
dielectric.

Electronics Division = Globe-Union, Inc

CHIP CAPACITOR

RELIABILITY:

USCC is the proven leader in state-
of-the-art, demonstrated on N.A.S.A.
life support and guidance systems.
Commercial as well as military aero-
space applications benefit from the
high reliability features of our prod-
ucts—the best available.
MONO-GLASS is our lowest priced
ceramic axial lead capacitor, offering
a new quality capability for com-
munications, navigation and guid-
ance, computer business machines
or anywhere that high volume, low
price is required.

Write or call for an evaluation sam-
ple, more technical data or applica-
tions help for your special require-
ments. Remember, USCC-Centralab.

G

2151 North Lincoln Street = Burbank, California 91504

(213) B43-4222 = TWX: 910-498-2222
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A Smart Way to Beat Your
Power Supply Size Problem

MFG. SER. NO.
MFG. PART NO.
MFG. MODEL
INPUT RANGE
INPUT TRANSIEN
INPUT TER
OUTPUT.| : +I?
OUTPUT TERM + 'l Llmm»s
MAX. BASE TEMP
FUSE INPUT @

............

ol
NTS: 60v.— 01 SEC;

AMPS MAX

14" thin, 24" narrow, 294" short

yet this converter produces 1000 volts
DC, regulated, from a battery input of
28 VDC! It weights less than 15 ounces.
This is only one of our wide variety of
many small light weight converters, in-
verters and power supplies — there are
over 3000 models listed in our newest
catalog, including size, weight and prices.
If you have a size problem, why not send
for an Abbott catalog?

MIL SPEC ENVIRONMENT — All of the power
modules listed in our new catalog have
been designed to mect the severe environ-
mental conditions required by modern
acrospace systems, including MIL-E-
5272C and MIL-E-5400K. They are her-
metically sealed and encapsulated in heavy
steel containers. New all silicon units will
operate at 100°C.

RELIABLE — Highest quality components
are used in Abbott power modules to yield
the high MTBF (mean time between fail-
ure) as calculated in the MIL-HDBK-217
handbook. Typical power modules have
over 100,000 hours MTBF — proving that
the quality was built in from the beginning.
WIDE RANGE OF OUTPUTS — Any voltage
from 5 volts DC to 3,650 VDC is avail-
able by selecting the correct model you
need from our catalog with any of a vari-
ety of inputs including:

60=cto DC, Regulated
4002acto DC, Regulated

28 VDC to DC, Regulated
28 VDC to 4002s, 1¢ or 3¢
24 VDC to 602, 19

Please see pages 581-593 of your 1973-74 EEM (ELECTRONIC ENGINEERS MASTER Catalog)
for complete information on Abbott Modules.

Send for our new 68 page FREE catalog.

LABORATORIES,

5200 W. Jefferson Blvd./Los Angeles 90016
Cable ABTLABS

(213) 936-8185

abbot NIELTIEICIR

INCORPORATED

1224 Anderson Ave./Fort Lee, N.J. 07024
(201) 224-6900
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(across the desk )

Author defends design
of v/f converter

This is in reply to Joel Cohen’s
letter “Promises, Promises—Watch
Those Spees” (ED No. 6, March
15, 1974, p. 7), in which he con-
tended the article promised too
much.

I don’t think the article “Lin-
earize Your V/F Converter” (ED
No. 23, Nov. 8, 1973, p. 112) is
misleading. The question is wheth-
er the figure of accuracy is related
to the fsd or the measured value.
A glance at the table gives an
immediate answer.

The deviation from a straight
line is calculated as if the whole
error is in the converter. There
is, however, an error in the refer-
ence source used, as in every
other, and the reference level
can’t be determined exactly. The
nonlinearity of the converter is
easily covered by the error of V,,,
seen in the table, even if the fre-
quency is measured with an error
of only one digit. One can’t really
say what has been checked, the
v/f converter or the voltage ref-
erence.

Look at the number of decades.
There are two trimming points in
the v/f converter. One is for zero-
frequency output adjustment, with
the input short-circuited. The
other is used to set the conver-
sion factor (Hz/V). Of course,
you can’t set the v/f so that the
transfer curve passes exactly
through origin. But it’s not un-
reasonable to set the v/f to oscil-
late at 0.01 Hz max, with the input
short-circuited.

The table and title state that
the transfer curve does not di-
verge more than 0.2 Hz from a

straight line. If a voltage-to-
frequency curve is plotted—one
that exhibits an ideal transfer
function—the measured transfer
and allowable deviation show that
the number of decades would be
more than five, rather than less.
You can easily increase the upper-
frequency limit by a factor of 2
simply by doubling the clock fre-
quency.

Look at the figures of a 0.005%,
five-decade v/f converter. Even if
the lower voltage limit is as high
as 1 mV, it has to be measured
with an accuracy of £50 nV and
kept within this small band for a
long period. There is a large noise
problem involved in such measure-
ments—as well as other problems.

I have shown a way to build,
with only two trimming points,
a v/f converter that can be com-
pared with a voltage reference
where the absolute error is only
10 wV. This was the main purpose
of the article. The four hints on
how to minimize the absolute er-
ror at low levels therefore refer
to a further development.

Bengt Alvsten
Fysiska Institutionen
Lunds Universitet
Lund, Sweden

Temporal-priority circuit
raises design questions

The circuit in the Idea for De-
sign, “Temporal-Priority Circuit
Latches After Receipt of First In-
put Signal (ED No. 23, Nov. 8,
1973, p. 132), has at least two
problems that will bag the unsus-
pecting designer.

First, it is possible for none of

(continued on page 12)

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine's editorial columns. Address letters to Managing Editor, Elec-
tronic Design, 50 Essex St. Rochelle Park, N.J. 07662. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld on request.
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T0-18

WELDED COAX

PN.._

~ BRAZED COAX

GLASS CYLINDER

EMITTERS

OPTRON
OPTOELECTRONIC
COMPONENTS

STANDARD DISCRETE PACKAGES
IMMEDIATE DELIVERY
COMPETITIVE PRICING

OPTRON’S competitively priced broad
line of standard optoelectronic com-
ponents range from solid state gallium
arsenide emitters to silicon photo-
diodes, phototransistors, and photo-
darlingtons. They are immediately avail-
able in microminiature “pill,” TO-18,
welded or brazed coax, and glass cylin-
der packages.

OPTRON silicon photodetectors are com-
patible with either tungsten light
sources or infrared LED's. The solution-
grown epitaxial gallium arsenide LED's
offer high efficiency and compatibility
with the silicon photodetectors.

All OPTRON discrete components are
available in other packages in moderate
scale line quantities using standard
chips. In addition, these units may be
purchased as either standard or custom
chips, monolithic arrays, printed circuit
board assemblies, or molded assemblies.

Detailed technical information on dis-
crete components and other OPTRON
optoelectronic products . . . chips, as-
semblies and PC board arrays . . . is
available from your nearest OPTRON
sales representative or the factory direct.

NEW
CONDENSED
CATALOG

contains technical data on these and
other OPTRON products. Request your
copy today!

OPTRON, INC.

1201 Tappan Circle
Carrollton. Texas 75006

214/242-6571
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surround it
with something special




Safety. Reliability. Long-haul performance. Cost. They all have
an effect on your product’s design parameters and capabilities.
Belden has a custom design capability in wire, cable, and cord
that can help you meet the most demanding performance for
your products. We've helped solve some extraordinary problems.
Can provide definitive data and answers on flex life, oil
resistance, electrical characteristics, aging that can cope with
practically any environment your specific job criteria calls for.
Talk to your Belden specialist about it. He understands design
requirements. Can give you straight answers on cable or cord
design feasibility. What modifications are possible. What the
trade-offs are. The costs involved. We haven't perfected that
“fancy” jacketing yet, but can improve the wire, cable, or cord
package you need to meet the most challenging electrical,
physical and thermal applications you might be faced with.
If you need answers right now, phone:
(312) 887-1800, Transportation Division
(312) 681—8920 Eledncal Dlviswn




Tell you what we’re
not going to do.

Sure, we know how to make cheaper capacitors. All this will cost you a little more per capacitor. In
But not with “TRW’’ stamped on them. No way. Be- return, it can help your product earn a reputation
cause we figure you can’t make quality capacitors for “no headaches, no surprises.” What better
and me-too capacitors under the same roof. Not edge in today’s marketplace?

without one operation eventually goofing the other

one up.

So if it's marked “TRW,"” you know you're getting
the top technology in wound—both metallized and
film foil—and solid tantalum capacitors.

You're also getting a pipeline to some of the best

minds in capacitor R&D, design, QC, and appli- TRW Capacitors, an Electronic Components Divi-
cation engineering—ready to help you with any ca- sion of TRW, Inc., Box 1000, Ogallala, Nebraska
pacitance problem. From TV to aerospace. 69153.

TRW/ caracirors
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Duetoa
mujor industry breukihrough

it is now possible fo
get gassed automatically.

The breakthrough: $990 for
a full-blown OEM computer in
quantities of 200—the NAKED
MINI®/LSI. The possibilities?
Virtually endless.

With our new mini, for example, you can
build the gas station of the future. Right now.
Because the NAKED MINI/LSI makes it eco-
nomically feasible to handle even the most
mundane jobs by computer.

For instance: complete self-service gas
pumping by inserting credit cards or cash. Auto-
matic card verification. Taking “bad” cards
out of circulation. Volume profiling by hour,
day, month or year. Round-the-clock monitor-
ing of activities. Alerting security centrals to
vandalism, excessive gas fumes or fires.

But there’s a lot more. Our computer can
also run station vending machines. Help plan
gas delivery schedules. Talk to motel/hotel
computers so the traveler can make advance
reservations by credit card.

Still, with all these added
tasks, you're only using a small
percentage of our available com-
puter power. The power of our
full-scale LSI processor with 168
instructions, 4K x 16 memory and fully imple-
mented input/output for low-cost interfacing.

At $990 per mini, you can afford to take
new design routes. Develop new functions that
result in better mileage and more convenience
for you and your customers. It could be an in-
novative drive for gas stations or any other
business that would profit from computer
automation.

Write or call: Computer Automation,
Inc., 18651 Von Karman, Irvine, California
92664. Tel. (714) 833-8830. TWX 910-595-1767.

THE NAKED MINI' COMPANY
Computer Automation, Inc.

AT

*NAKED MINI is a registered trademark of Computer Automation, Inc.
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ACROSS THE DESK

(continued from page 7)

the 174 outputs to be true and to
have the G,-G, latch set. Using
Texas Instruments’ specifications
for the devices, one finds the fol-
lowing: .

S04 Tphl (min) — 2 ns,

H30 Tphl (min) — 3.4 ns,

174 Tsetup (min) — 20 ns.
Therefore the 174 can be clocked
before the data setup spec has
been met, resulting in all ZERO
outputs.

Second, a timing condition exists
where the output of the 174 (or
any other flop that I am aware of)
will glitch for a period of several
times the specified maximum prop-
agation delay of the device. The
final result of this glitch may be
either ONE or ZERO from the
flop. There seems to be a narrow
window prior to the clocking edge,
during which a change in the
steering term drives the flop mad.
This glitch can adversely affect
downstream logic.

The logic in the illustration
will provide unambiguous outputs,
at the expense of degraded time
resolution and additional compo-
nents. The delay line tap T, is
selected such that the minimum

FROM ooo—’—_D__o
FROM Q, o—-—-:l:)_o
L

1
i OUTPUTS
]

FROM Qp o—j:)__o

ENABLE O—

delay of G, + T, is greater than
the minimum setup time for the
flip-flop used. This ensures that
at least one of the Qy will be set
after the strobe.

T, is selected such that (T, Tl)
+ Tphl (F1) min. is greater than
the-glitch width of the input flops
+ the priority encode delay + the
decode delay. This combination en-
sures a valid output at =~ T, after
the initiating event.

J. M. Brown
Senior Member of the
Technical Staff
Modular Computer Systems
1650 W. McNab Rd.
Fort Lauderdale, Fla. 33309
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‘Inaccuracies’ reported in log-amp article

There are inaccuracies in the
article “The Hows and Whys of
Log Amps” (see ED No. 3, Feb.
1; 1974 *p. " 652).

12

Logarithmic diodes with seven
ranges are available—off the shelf.
The contention “...diodes have a

(continued on page 16)

Your closest SIGNETICS distributor is...

ARIZONA

Phoenix: Hamiiton/Avnet Electronics (602) 275 7851

Phoenix: Kierulff Electronics (602) 273-733

CALIFORNIA

Culver City: Hamilton Electro Sales (213) 870-7171

El Segundo: Liberty Electronics (213) 322-| 8100

Los Angeles: Kierulff Electronics (213) 685-95:

Mountain View: Hamilton/Avnet Elemronlcs (415) 961-7000

Palo Alto: Kierulff Electronics (415) 968-6:

San Diego: Cramer Electronics (714) 565-1 881

San Diego: Hamilton/Avnet Electronics (714) 279-2421

San Diego: Kierulff Electronics (714) 27

Sunnyvale: Cramer Electronics (408) 739-3011

CANADA

Downsview: Cesco Electronics (416) 661-0220

Downsview: Cramer Electronics (418) 661 9222

Montreal: Cesco Electronics (514) 73

Montreal: Hamilton/Avnet Eleclromcs (514) 735-6393

Ottawa: Cesco Electronics (613) 729-5118

Ottawa: Hamilton/Avnet Electronics (51 3) 725-3071

Quebec: Cesco Electronics (418) 524-3518

Vancouver: Bowtek Electric Co. Ltd. (804) 736-7677

COLORADO

Denver: Cramer Electronics (303) 758-2100

Denver: Hamilton/Avnet Electronics (303) 534-1212

CONNECTICUT

Hamden: Arrow Electronics (203) 248-3801
Hamilton/Avnet (203) 762-0361

North Haven: Cramer Electronics (203) 239-5641

FLORIDA

Hollywood: Hamilton/Avnet Electronics (305) 925-5401

Hollywood: Schweber Electronics (305) 927-0511

Orlando: Hammond Electronics (305) 241-6601

GEORGIA

Atianta: Schweber Electronics (404) 448- 9170

Norcross: Hamilton/Avnet Electronics (404) 448-0800

ILLINOIS

Elk Grove: Schweber Electronics (312) 593- 2740

Elmhurst: Semiconductor Specialists (312) 279

Schiller Park: Hamilton/Avnet Electronics (312) 678 -6310

INDIANA

(317) 243-8271
KANSAS
Lenexa: Hamilton/Avnet Electronics (913) 888-8900
MARYLAND

Hanover: Hamilton/Avnet Electronics (301) 796-5000
Rockville: Pioneer Washington Electronics (301) 424-3300
Rockville: Schweber Electronics (301) 881-2970
MASSACHUSETTS

Burlington: Hamilton/Avnet Electmmcs (61 7) 273-2120
Newton: Cramer Electronics (617) 96!

Waltham: Schweber Electronics (617) 89043484
MICHIGAN

Detroit: Semiconductor Specialists, Inc. (313) 255 0300
Livonia: Hamilton/Avnet Electronics (313) 522-4700
Troy: Schweber Electronics (313) 583-9242

MINNESOTA
Edlna Hamilton/Avnet Electronics (612) 941 3801

Mi 612) 854-8844
MI%OUR[

ilton/Avnet (314) 731-1144
NEW MEXICO
Hamilton/Avnet Ef ics (505) 765-1500

NEW YORK

Buffalo: Summit Distributors (716) 884-3450
Farmingdale, L..: Arrow Electronics (516) 694-6800
Rochester: Schweber Electronics (716) 328-4180
“"racuse Hamilton/Avnet Electronics (315) 437-2642

estbury: Hamilton/Avnet Electronics (516) 333-5800
Westbury: Schweber Electronics (516) 334-7474
NORTHERN NEW JERSEY
Cedar Grove: Hamilton/Avnet Electromcs (201) 239-0800
Saddlebrook: Arrow Electronics (201) 79
SOUTHERN NEW JERSEY AND PFMNSVLVAWA
Cherry Hill, N.J.: Milgray-Delaware Valley (609) 424-1300

: Arrow/Angus 09) 2: 00
Mt. Laurel, NJ.: Hamilton/Avnet Electronlcs (609] 234-2133
CENTRAL NEW JERSEY AND PENNSYLVANIA
NJ.: ics (201) 469-6008

NORTH CAROLINA

Greensboro: Hammond Electronics (919) 275-6391
OHIO

Beechwood: Schweber Electronics (216) 464-2970
Dayton: Hamilton/Avnet Electronics (513) 433-0610
Cleveland: Arrow Electronics (216) 464-2000
Cleveland: Pioneer Standard Electronics (216) 587-3600
Kettering: Arrow Electronics (513) 253-9176

TEXAS

Dallas: Cramer Electronics (214) 350-135!

Dallas: Hamilton/Avnet Electronics (214) 661 8661
Houston: Component Specialties (713) 771-7237
Houston: Hamilton/Avnet Electronics (713) 526-4661
UTAH

Salt Lake City: Alta Electronics (801) 486-7227

Salt Lake City: Hamilton/Avnet Electronics (801) 262-8451
WASHINGTON

Bellevue: Hamilton/Avnet Electronics (206) 746-8750
Seattle: Cramer Electronics (206) 762-572
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Now,a 576-bit RAM for men of few words.

Target-designed 64 x 9 for 45ns buffers and scratch pads.

Making small talk just got easier. With still another
world’s first from Signetics. Our 82S09 RAM of 576 bits:
the largest bit count ever put into a bipolar RAM with
more than one bit per word. This 64 x 9 is available now
in volume, and multiple-sourced.

What's init for you? Say you've got a scratch pad
or buffer that only calls for 16 to 128 words. Till now
your choices were all bad news. Either you wasted
memory capacity with oversized organization and
gadgety multiplexing schemes, or you strung together
a lot of little RAMSs. Either way, you lost. In terms of
high tabs for extra circuitry, bigger boards, and the
power to keep them going. Not to mention penalties
in memory speed.

EFORE
N _ Okay, talk may be cheap. So make us lay it on the line.
For small, dense memory applications, the Today, from your local distributor.
unique 82509 RAM—with new cell design and
enhanced 64 x 9 organization—shrinks board space
requirements, lowers component count and power
cost, but slams out all the speed you can handle.
(Schottky technology delivers 45ns, worst case.) With
all the traditional bipolar RAM features in the bargain.
Full decoding. Chip enable. Open collector. And a vital
bonus, the ninth bit for parity.
If the picture still needs a little focussing, take a
minute to scan our Comparison Chart, based on
production of 200 systems.

SiljNDLiCS
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Here are two of the world’s best oscilloscopes.

Hewlett-Packard 1707B Tektronix 465

Here’s why you shouldn't own either one.

You can lease one for as little as Call your closest Instant Inven-
$45 per month. tory Center and ask us about short
We can give you immediate term rentals, delivery, and other
delivery on either the Hewlett- lease terms for scopes or any other
Packard 1707B or the Tektronix 465, electronic equipment you need, up

in quantity. to and including minicomputers.

~ The Hewlett-Packard scope lease aa Anaheim, California (714) 879-0561

is $45 per month for 36 months. S ?auaﬁ’ Tgxa§ ( 121% )166%i '809?35 e
A 0 . ort Lauderaale, Florida ( ) =

The Tektronix 465 is $5O per month Gaithersburg, Maryland (301) 948-0620

for 36 months. Burlington, Massachusetts (617) 273-2770

s : Mountain View, California (415) 968-8845
Anyway you ChOOSB, leasmg is the Oakland, New Jersey (201) 337-3757

best thing that ever happenedtoa  Rexdale (Toronto) Ont., Canada (416) 677-7513
tlg‘ht Capltal equipment budget‘ Des Plaines, Illinois (312) 827-6670
You pay for your scope as you use it

...and you pay for it out of the Rental EleCtroniCS; InC.

profits it generates. A REPSICO Jeasing company.

INFORMATION RETRIEVAL NUMBER 11
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AT NCR’S
ACCOUNTING
COMPUTER
DIVISION....

Elco

Back Panels
Cut Packaging
Costs

By Over 50%

The NCR 399 high-speed accounting
system is an excellent example of
expertise in design and manufacturing
skills. The combination of powerful
hardware and sophisticated software
gives the 399 capabilities previously
offered only with computers of much
higher price. One reason is due to a
new concept in electronic packaging —
Elco’s Economist™ press fit card-edge
connector system. The press fit tech-
nique combines the economy and
reliability of printed wiring (without
soldering) with the versatility of
solderless wrapping.

Elco supplied NCR with a custom p.c.
back panel, loaded with Economist™
connectors and hardware. Assembled.
Ready for wiring and installation.

This cut NCR’s interconnecting costs

by over 50%. High quality, good turn-
around time, and excellent engineering

assistance and back-up are extras that
accompany every Elco system.

Back panels completely assembled
and inspected at Elco.

As with NCR, Elco works with you to
provide your manufacturing facilities
with every packaging advantage they
know. One source. To make production
easier, less costly and more reliable.

Find out how much you can save
and improve on interconnections
through Elco’s Economist™ systems.
Contact your local Elco representative
for full details or specifications, or:

Elco Corporation
Willow Grove, Pa. 19090
(215) 659-7000

Elco Corporation

2200 Park Place

El Segundo, Calif. 90245
(213) 675-3311

™

Connecting
Today with
Tomorrow™

Operations in USA, Australia, Belgium, Canada, Denmark, England, France, Germany, Israel and Japan. Sales offices throughout the world.
In Europe, Elco Belge, 77 Blancefloerlaan, Antwerp, Belgium, Tel. 03-190064. In the Far East, Elco International, TBR Building, 2-10-2 Nagata-
cho, Chiyoda-ku, Tokyo 100, Japan, Tel. 580-2711/5.

ELECTRONIC DESIGN 9, April 26, 1974
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Higher component density...

Lower insertion costs...with

MULTI- cmD I

|}
MONOLYTHIC
CERAMIC
CAPACITORS

TYPE 934C

(7 capacitor sections)

TYPE 936C

(8 capacitor sections)

TYPE 939C

(4 capacitor sections)

Compatible with ICs and other standard DIP devices. Especially
useful for noise bypassing and signal coupling in high-frequency
signal or data processing systems. Molded package provides
mechanical protection and reliability under severe environmental
conditions. Monolythic® construction . . . alternate layers of ce-
ramic dielectric material and metallic electrodes are fired into
an almost indestructible homogeneous block. Standard ratings,
18pF to 0.1 .F @ 100WVDC. Temperature range, —55C to -70C.

Sprague puts more passive tomponenl fumllles into
dual in-line packages than any other manufacturer:

TANTALUM CAPACITORS
CERAMIC CAPACITORS
TANTALUM-CERAMIC NETWORKS
RESISTOR-CAPACITOR NETWORKS
PULSE TRANSFORMERS

TOROIDAL INDUCTORS

HYBRID CIRCUITS

TAPPED DELAY LINES

SPECIAL COMPONENT COMBINATIONS
THICK-FILM RESISTOR NETWORKS
THIN-FILM RESISTOR NETWORKS
ION-IMPLANTED RESISTOR NETWORKS

457-3116

.

For more information on Sprague DIP componénts,
write or call Ed Geissler, Manager,

Specialty Components Marketing,

Sprague Electric Co., 347 Marshall St.,

North Adams, Mass. 01247, Tel. 413/664-4411.

SPRAGUE

THE MARK OF RELIABILITY

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

INFORMATION RETRIEVAL NUMBER 13
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ACROSS THE DESK
(continued from page 12)

limited logarithmic range” did not
consider that the dual, matched
transistor design has a smaller
range. Codi abrupt-junction de-
vices can be specified with maxi-
mum deviations of *2, 5.or 10
mV from the theoretical diode
equation.
Sy Glasser

Assistant to General Manager
Codi Semiconductor
Pollitt Drive
Fair Lawn, N.J. 07410

The author replies

Mr. Glasser’s point is well taken.
Special-purpose diodes, such as
abrupt-junction types, can be fab-
ricated or selected for wide loga-
rithmic range. Then the diodes

~ can be computey-matched in pairs

for I, temperature compensation.

In the paragraph following the
one quoted, I did say that diodc-
connected, dual-matched transistors
were better than general-purpose
diodes, which are usually optimized
for characteristics other than log
behavior.

However, that doesn’t tell the
whole story. High-B duals, with
geometry like that of the ADS811,
typically cost less than $1 a tran-
sistor. And they are inherently
capable of as many as six decades
of accurate logarithmic behavior
when connected as two-terminal
diodes—and even more as trans-
diodes.

Such diodes are inherently
matched, and because they are es-
sentially isothermal, they retain
the match with either transient or
steady-state temperature changes.
A 1-C difference is equivalent to a
2-mV mismatch, which corresponds
to an input ratio of log' (2/70)
— 1.07, or an error of 7%, assum-
ing mkT/q — 70 mV per/decade.

Your readers may find it inter-
esting to reinterpret the 2, 5 and
10-mV initial log-conformity er-
rors in terms of percentage of the
input in a log-ratio circuit, by use
of the formula % = 100(log!
AV/T70 — 1). For example, a 10-
mV error corresponds to a ratio-
error of 39%.

ELEcTRONIC DESIGN 9, April 26, 1974
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No matter where you go, you won’t find a more versatile
line of circular plastic connectors. AMP has a variety of design
options. From mating plugs to panel-mount or free-hanging
receptacles. From square flange to feed-thru pressure
bulkhead receptacles. They’re available with many types of
contacts and arrangements. And in popular shell sizes: 11, 17, 23.
What’s more, there are sealing boots, strain relief/shield
components, posted or solder contacts, plus standard
or splashproof models.




Wh

plastic connectors

are better than metal ones.

Besides offering greater versatility, AMP
gives you high-strength, glass-filled nylon
connectors that are as reliable as metal
ones—but cost much less. In some ways,
they’re even more rugged. Because AMP
Circular Plastic Connectors are resilient.
Yet, up to 509, lighter. And nonconducting.

Contacts to fit every need.

AMP supplies a great variety of contacts
for #8AWG to #28AWG wires. The pins
and sockets are stamped and formed from
top-quality copper alloys, and are available

with either a gold or tin finish. And with
AMP, you pay only for the contacts you use.

AMP automatic machines.

For high-speed termination.

The contacts are supplied in continuous
strip form. So termination is possible at
volume production rates. And at the lowest
possible cost to you. To be certain that
you’ll be able to take full advantage of
these savings, AMP worldwide has over
1,000 field service and sales engineers to
assist you with design and production
applications. No matter where in the world
you’re using AMP commercial connectors.

Features that lead

to more savings.

Built-in pin and socket protection. Quick
connect/disconnect capability. Thread-assist
coupling ring with positive detent locking.
5-key polarization is built in to assure
proper connector mating.






AMP s at the core
of reliable circular
plastic connectors.

No matter what
industry you’re in.
Aircraft

Office Equipment and
Business Machines

Computers and
Peripheral Equipment

Automotive
Space Vehicles

Appliances and Home
Entertainment Products

Industrial Equipment
Instruments

AMP has some 100
manufacturing plants,
warehousing facilities and
sales offices worldwide. So we
can handle virtually all your
circular plastic connector needs
no matter where you’re doing
business. Call (717) 564-0100.
Or write AMP Incorporated,
Harrisburg, Pa. 17105.

AMP

INCORPORATED

AMP is a trademark of AMP Incorporated.



Problem solving...
with Victoreen
High Voltage Technology

‘ UNORTHODOX CRT DRIVE

How did we meet ever-expanding requirements
for increased bandwidth and lower power con-
sumption, coupled with the availability of high-
voltage zener-type diodes (Victoreen Coro-
trons)? With an unorthodox drive scheme for
CRT's.

Basically, this scheme is a mirror-image of
the conventional method. Instead of supplying
the CRT anode with very high voltage, we
ground the anode and supply a drive signal,
riding at approximately — 1800 volts, to the
grid. The advantages? Being direct-coupled
there are no reactive components to limit
high-end frequency response or cause roll-off

at the low end. Second, the face plate of the
CRT does not build up static charges which
can distort the display.

Even though the Corotron operates in the
corona mode of discharge, it has no voltage
jumps or jitters. Corotrons are not tied to
“natural” operating voltages and are adjust-
able in manufacture from 350 to 30,000 volts.
Corotrons also have a positive regulation curve
eliminating possible relaxation oscillation.

2 FROG MUSCLES TO BRAIN WAVES

Colleges and universities, medical research
laboratories and a number of R&D firms are
faced daily with the need for controlled high-
amplification of a wide variety of extremely
low level signals. Such signals are derived from
frog-muscle experiments, brain-wave measure-
ments, cardiac research, avalanche-breakdown,
currents in ionization chambers as well as
from a range of constant-current sources.
The operational amplifier provides the am-
plification required because of theoretical in-
finite-gain characteristics. However, at full
gain an op-amp tends to be unstable and go
into oscillation; further, amplified signals are
difficult to fully analyze if the gain is unknown.

<4 INFORMATION RETRIEVAL NUMBER 150

Victoreen MINI-MOX resistors are used widely
to modify op-amp characteristics to: 1. Sta-
bilize output and eliminate oscillation. 2. De-
fine gain so measurements can be quantified.
3. Restrict bandwidth to the region of specific
interest.

Smaller than a conventional resistor and
compatible with a TO-3 can, MINI-MOX resis-
tors are ideal for highly-stable, low-level, min-
iature electronic circuitry.

They typically have a voltage coefficient of
—5 ppm/volt, full-load drift of less than 2%
in 1000 hours, temperature coefficient of 100
ppm, and a Quantech noise of less than 1.5
V/volt at 20M ohms. They are available in
values from 100K to 10,000M ohms in 1, 2, 5
and 10% tolerances.

3A PROBE FOR HIGH POTENTIAL

Two Victoreen MAXI-MOX resistors used in
series can serve as a probe in radar circuitry
capable of measuring voltages up to 60,000
volts. The probe, compatible with a number
of voltmeters of different manufacture, has
both short- and long-term stability. Short-term
stability assures negligible drift and fluctuation

during measurement, while long-term stability
maintains the original calibration accuracy of
the probe.

Each MOX-5 resistor used in the probe has
a maximum operating voltage of 37,500 volts
with a power rating of 1215 watts. The voltage
coefficient is 1 ppm/volt over the complete
voltage range of the MOX-5, while the temper-
ature coefficient is better than 300 ppm from

INFORMATION RETRIEVAL NUMBER 14

—55¢° to 125°C.

MAXI-MOX resistors have full-load drift less
than 1% in 2000 hours of operation, and are
available in tolerances of 1, 2, and 5% in
values from 10K to 2,500M ohms. A silicone
varnish conformal coating provides environ-
mental protection while allowing a maximum
hot-spot temperature of 220°C. In addition, it
is compatible with commonly-used potting
compounds.

4 SPARK GAPS SPARK INTEREST

Victoreen SGSP spark gaps normally protect
electrical circuits from damage from transient
voltage spikes; however, Optical Radiation
Corporation, Azusa, Ca. uses them to ignite a
Xenon lamp in a theatrical lamphouse to pro-
ject motion pictures. Xenon lamps provide two

@

OPERATING
POWER
SUPPLY

v
A

advantages; one, being very small and bril-
liant, light radiation is easier controlled; sec-
ond, efficiency is higher, so smaller lamp-
houses with greater output result. The design
won the company an Academy Award in tech-
nical achievement.

In operation, the capacitor is charged until
the SGSP-5000 breaks down. The stored en-
ergy is released through the transformer pri-
mary, producing a very high voltage pulse in
the secondary which ignites the Xenon lamp.
This provides an extremely reliable method of
starting the lamp. Once ignited, operation is
sustained by a lower-voltage line operated
power supply.

Victoreen Instrument Division
of VLN Corp.

10101 Woodland Avenue
Cleveland, Ohio 44104

VICTOREEN

21
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TREAT THIS 300 NSEC,
NMOS MEMORY
LIKE A COMPONENT

JUST

PLUG
ITIN

You're looking at the new MICRORAM 3000N, a com-
plete NMOS semiconductor memory on a single
printed circuit card assembly. Just plug in a power
supply (+=15VDC, +5VDC) and you have a fully func-
tional memory system that cycles at 300 nsec, and
accesses at 180. (A high speed version that cycles
at 180 nsec. is available, too.)

The MICRORAM 3000N is available for delivery to
meet your production schedules. It mounts on a
printed circuit card 11.74” by 15.4”, and is basically
compatible with our MICROMEMORY 3000 core mem-
ories. The standard 16K by 20 configuration is alter-
able to 32K by 10. Numerous other capacities and
word lengths are also available.

Like all members of the MICROMEMORY 3000 Family,
the MICRORAM 3000N is available either as a single
card memory or as a multi-card system in a chassis
containing up to 16 memory cards, power supply,
self-test and interface cards and various other options.

Get the full story on the MICRORAM 3000N from your
local EMM office or call Commercial Memory Products
Marketing Department at (213) 644-9881.

E mm ELECTRONIC
MEMORIES
COMMERCIAL MEMORY PRODUCTS

A Division of Electronic Memories & Magnetics Corporation
12621 Chadron Ave., Hawthorne, Calif. 90250

Belgium 03/76.69.75; United Kingdom 01/751-1213; W. Germany 0811/74.30.40

“See us at the NCC Show in Chicago, Booth 671"

INFORMATION RETRIEVAL NUMBER 15
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BOURNS

RizsisTor EEl=

NETWORKS

from

BOURNS

The Leader in resistive component technology now brings you a
line of thoroughly tested and qualified DIP and SIP Resistor Net-
works . . . that live-up to their specifications, stand-up to your

applications. BOURNS® Resistor Networks are available off-the-
shelf in a selection of standard configurations to replace the most
popular Allen-Bradley, Beckman, Dale, Sprague, CTS, Centralab,
and Mepco part numbers.

JNAOA

QUALITY
SERVICE
VALUE

CONSIDER WHY BOURNS IS BETTER:

® Proven thick-film production expertise ® Proprietary resistor ink
system provides =100ppm/°C tempco through all resistances . . .
from 3392 to 220K * Better power handling characteristics ® Design
qualified and life tested to meet or exceed tough Mil-Standards.
Inquiries for special values, schematics and specifications invited.

Your local Bourns representative has complete specs, cross-refer-
ence data and order forms at the ready. Call him today . . . or the
factory direct.
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BOURNS

BOURNS, INC., TRIMPOT PRODUCTS DIVISION
1200 COLUMBIA AVENUE
RIVERSIDE, CALIF. 92507
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The world’s biggest little black box is coming your way

It's a unique display of TRW Electronic Components’ new-
est, most exciting products, circuit applications and ideas.
A walk-through exhibit of TRW state-of-the-art technology,
coming right to you.

And its form is every bit as unique as its content!

Picture a typical electronics chassis, grown to mammoth
proportions. In fact, to the size of a 40-foot tractor-trailer; far
and away the world’s biggest “little black box.” Inside are
scale models of all the most familiar components, but look-
ing like nothing you've ever seen before —because the scale
is giant. Five feet high for some.

Our technical experts will be on hand to answer specific
questions. And you'll get a close-in view of more than 1000

life-sized products. They represent the 14 separate divisions
that, together, form TRW Electronic Components—a single
entity that can be the source for all your electronic component
needs. That's why it takes the world’s biggest little black
box to show-and-tell our story of electronic components
from A (actuators) to Z (Zener diodes).

And the show is on the road right now—right into your
plant’s parking lot, or somewhere nearby. We're zig-zagging
our way across country, stopping at 155 plants in 27 states.

Watch for announcements of when we'll be in your area.
TRW'’s little black box is where electronics is, and we're
bringing it to where you are.

Because we are TRW.

TRW ELecTRONIC COMPONENTS

10880 Wilshire Boulevard, Los Angeles, CA 90024

Connectors « Resistors « Semiconductors « Capacitors « Motors « PC Boards « Potentiometers « Transformers « Coils and Inductors « Wire and Cable




fo; your own ¢

Magnetics’ miniature tape cores were
used in the computers that sent our astro-
nauts to the moon and bat
we’re exclusive supplier of tape cores,
powder cores, nickel-iron C cores and
bobbin cores for the Viking Mars Lander.
In addition to reliability, we offer you
a choice when it comes to your magnetic
components—whether they're off-the-
shelf or something specially developed
for your needs.
Low core loss, temperature stability,

,Ai'mumcatlons components

frequency stability, Hi Q, low cross talk,
low dc shift, time stability—these are just
a few of the demanding properties we
can fill. For applications like filters,
inverters, oseillators, load coils, bridge
lifters and many others. From telephone
circuits and mobile communications to
space communications.

To learn more about us and our broad
range of components, including ferrite
cores, send for our application and prod-
uct literature, Bulletin APB-1.

[ [
MAGNETICS

w J J |

A DIVISION OF SPANG INDUSTRIES INC.

Butler PA 16001.
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For years,

people thought

Teletype
machines only
talked to
themselves.

Fact is, Teletype machines
have been carrying on intelligent
conversations for years with some
of the fastest information movers
in the world. Computers.

We've earned a good, solid
name for ourselves in computer
communications because our
equipment is compatible with
practically any computer-based
system.

Our product line proves
the point.

The number one standard-
duty data terminal in the industry
is our model 33 series. And our

new wide-platen model 38 offers
big system features at economy
system prices.

Heavy-duty operation with
minimum maintenance? Check
out our model 35. And our model
37 series delivers the utmost in
flexibility and vocabulary for
complex data systems.

We also build equipment for
paper tape systems, as well as a
magnetic tape terminal for greater
on-line savings. As you can see,
our reputation in point-to-point
communications has served us
well in computer terminals. No
one comes close to us in reliability,
flexibility and economy.

It takes more than manu-
facturing facilities to build the
machines Teletype Corporation
offers. It also takes commitment.
From people who think service is
as important as sales. In terminals
for computers and point-to-point
communications.

That's why we invented
a new name for who we are and
what we make. The computer-
cations people.

TUEVEEST VIPYE

P T

For more information about any Teletype product, write or call: TERMINAL CENTRAL;
Teletype Corporation, Dept. 89F, 5555 Touhy Avenue, Skokie, Illinois 60076. Phone 312/982-2500

INFORMATION RETRIEVAL NUMBER 19
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SEF-SCAN

is the best choice

SELF-SCAN panels are best because
they can provide alphanumeric display
of data — 16 to 256 characters per
message — for data entry, automatic
checkout systems, wherever man-
machine interface takes place.

SELF-SCAN panels are best because
' they are brighter. Burroughs tech-
nology makes possible sharp characters
with no fuzziness, no loss of focus, no
distortion, a 120-degree viewing angle,
and readability up to 25 feet with mini-
mum glare and reading fatigue.

SELF-SCAN panels are best because
they are the most versatile self-
contained display panels commercially
available. A wide variety of character
generators offers 45 different displays,
including  Cyrillic, Hebrew and
Karakana alphabets as well as standard
ASCII code.

INFORMATION RETRIEVAL NUMBER 20

SELF-SCAN panels are best because
they can be packaged in less than 1/2"*
depth and are less costly than CRT's
with comparable message capability.
The cost per light-emitting dot will
amaze you.

Want to see SELF-SCAN panels
in operation? Write the Electronic
Components Division, P. O. Box 1226,
Plainfield, New Jersey 07061, or call
(201) 757-3400 or (714) 835-7335 for
a demonstration.

You can see the difference

SELF-SCAN PANEL

Burroughs
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Hand-held computer terminal
gives a full ASCII display

A hand-held computer terminal
that looks more like a pocket calcu-
lator than a computer input device
will be introduced next month at
the National Computer Conference
in Chicago.

Called Termiflex, the pocket-sized
terminal features a 20-switch key-
board that, along with three special
shift keys, can generate all 128
ASCII characters.

William Turner, vice president
of Termiflex Corp., manufacturer
of the terminal in Nashua, N.H.,
notes that as data are received,

they appear as one or two-line
displays. A display line consists of
10 5 x 7 LED dot-matrix char-
acters. When a line is filled, the

display scrolls automatically. A
1000-character scrolling memory is
built into the unit. And by oper-
ating one switch, the user can move
forward or backward in this memo-
ry, to recover any part of a mes-
sage that has been sent or
received.

The hand-held feature lets engi-
neers perform diagnostics any-
where in the computer room. And
production engineers can start up,
direct or monitor a system, with-
out need to walk back to a tele-
typewriter or command console

ELECTRONIC DESIGN 9, April 26, 1974

whenever they want to input an
instruction.

Other applications for the termi-
nal include use as an auxiliary in
debugging systems, as a control
device for automated drafting sys-
tems, in field service and in demon-
stration of computer equipment.

The Termiflex also features sev-
eral selectable parameters. These
include communication speed,
which can be 10, 15, 30 or 120
characters per sec. Parity can be
chosen as either odd, even, mark
or space. And the transmission
mode can be selected as either half
or full duplex. Other selectable fea-
tures include upper or lower-case
letters and line justification.

The basic terminal, with a one-
line display and a 500-character
memory, costs $1190. For a two-
line display with a 1000-character
memory, the price is $1570. For
$480 more, an acoustic coupler,
power supply and carrying case
are available.

Heart monitor replaces
skin-piercing methods

With the development of an in-
strument called an impedance car-
diograph, the mechanical pumping
activity of the heart can now be
monitored without puncturing of
the skin. Heretofore implanted
sensors or the injection of tracer
elements into the blood were re-
quired.

According to Winston Hagen,
vice president of Instruments for
Medicine, Greenwich, Conn., which
manufactures the new machine, the
impedance cardiograph can meas-
ure cardiac output, stroke, volume
and contractility, as well as
peripheral circulation and chest
fluid changes—all with an accuracy
equal or superior to commonly used
skin-puncturing methods.

Four band electrodes are con-
nected to a patient—two around
the neck and two around the chest,
Hagen explains. The lower neck
electrode and the upper chest elec-
trode are both used to set up a
reference impedance, which elimi-
nates the need for external calibra-
tion. The other two electrodes pro-
vide information that enables the
instrument to generate a continu-
ous flow trace.

The flow trace is an electronic
analog of the information normally
obtained by the surgical implanta-
tion of an electromagnetic flow-
meter on the ascending aorta. Any
standard recorder or cardioscope
can be interfaced with the imped-
ance cardiograph to display the
trace.

While the use of impedance
monitoring is not new, notes
Hagen, its successful application
to cardiac monitoring is. Previous
applications of the impedance
technique have been largely in the
area of respiration monitoring.

The basic idea for the system,
says Hagen, came from the instru-
mentation developed to monitor the
Mercury astronauts. However, cir-
cuit improvements, particularly in
oscillator stability, were neecssary.

A major advantage of the im-
pedance cardiograph, Hagen points
out, is that it can monitor a pa-
tient continuously. This is not pos-
sible with skin-puncturing, which
inject dyes or radioactive tracers
into the blood.

Large-scale display
to use 3-color LEDs

A large-scale, three-color LED
display is under development for
the Army by the Data Systems
Div. of Litton Industries in Van
Nuys, Calif.

According to David M. Piatt,
manager of advanced display tech-
nology, the contract calls for a 36-
in.2 feasibility model for the Elec-
tronics Command in Ft. Monmouth,
N. J. It is, says Piatt, the first
step toward development of a 4-ft.-
square, 3-in.-thick, three-color flat
panel that will be overlayed by a
standard, printed military map for
tactical display.

The display is to contain an ar-
ray of 1024 x 1024 LEDs on 45-
mil centers, of a type produced by

29




Texas Instruments in Dallas and
Bowmar Ltd. in Ottawa, Canada.
The display will present alpha-
numeric symbols, vectors and
graphics in red, green and yellow
at a resolution of 22.5 lines per in.

The 36-in.2 feasibility model will
be constructed with 32 LED mod-
ules, each 3/4 x 1-1/2 X 4 in.
deep. Each module will contain 512
LEDs, arranged 16 x 32, plus
column and low-driver electronics,
and a dual, 512-bit MOS refresh
memory. One-half of the memory
will control the red-diode mode,
and the other half will control the
green mode. When both red and
green are called for, the diode will
glow yellow. The diodes will be of
GaP material and will emit a color
determined by drive level.

The large display will be built
of rows of these modules—32
across and 64 down, for a total of
2048. Using a proprietary multi-
plexing scheme, all 2048 modules,
including over a million LEDs, will
be addressable with approximately
127 lines from the display genera-
tor.

The updating of a character,
symbol or vector on the display is
to be accomplished in 64 Ms, and
display surface is to consume only
about 350 mW/in.2 of power.

Acoustic microscope
nearing production

The first acoustic microscope—
a device that uses microwave sound
instead of light to see details in-
side materials heretofore impos-
sible to see—is ready for produc-
tion, according to Lawrence W.
Kessler, president of Sonoscope,
Inc., Bensonville, Ill.

Kessler, who was one of the
original researchers at Zenith
Radio, where the system was de-
veloped, reports that a demonstra-
tion model is under construction
at Sonoscope. The company is
build the microscopes under an ex-
clusive license from Zenith, Kessler
says.

The acoustic system is a true
microscope, the Sonoscope presi-
dent points out, having a field of
view that is limited to about 3 mm,
which is typical of standard opti-
cal instruments.

“We can get resolutions down to
about 3 um at sonic frequencies

30

of 500 MHz,” Kessler says. The
resolution of present equipment is
on the order of 15 to 20 um with
frequency in the range of 100 to
200 MHz, he points out.

Real-time images are obtained
with 100 and 200-MHz sound,
Kessler says, while the pseudo real-
time images are produced at 500
MHz.

In operation, the acoustic micro-
scope illuminates the specimen with
vhf or uhf sound. The sound is
transmitted through the specimen
to impinge on an optical mirror.
This mirror becomes distorted by
the sound pattern, which carries
details of the specimen’s internal
structure. The mirror distortions
are read out with a scanning laser
beam. The beam is synchronized
with the raster of a TV monitor,
and the laser image is picked off
the mirror and produced on the TV
screen.

Because the sonic picture con-
tains details of the internal struc-
ture of the material under exami-
nation, it is substantially different
in appearance from a surface view
with an optical microscope. For
orientation, Kessler points out, the
sonic microscope also gives the
user an optical, surface image of
the area being scanned at the same
time he gets the sonic picture.

If there are many useful details
in both pictures, Kessler says, the
operator can superimpose both
visual and sonic pictures on a color
TV monitor. The visual picture is
presented in one color and the sonic
picture in another.

2 new ways reported
to detect trespassers

Changes in the capacitance of
buried, sensitive wire and a coaxial
cable rigged to function as an
electret microphone are two of the
newer techniques being tested by
the electronics industry to detect
trespassers. The work was de-
scribed last week at the University
of Kentucky in Lexington, at the
Carnahan Conference on Electronic
Crime Countermeasures.

In the wire technique, standard
Teflon-covered hookup wire is used
because it has electret qualities.
The wire is threaded into a metal-
lic tube and buried a few inches
beneath the ground. The device

detects personnel or a vehicle pass-
ing above it, according to Fred S.
Geil, manager of audio and ultra-
sonic technology at the Westing-
house Research Laboratories in
Pittsburgh, where the setup is be-
ing investigated.

In tests to date, the tube has
been an ordinary refrigerator tube.
The wire acts as a capacitance sen-
sor, detecting capacitance changes
between it and the tube. Such
changes occur through pressure
and vibration. If a person crosses
the buried wire slowly, the tube
bends very slightly, causing a
small displacement of the wire and
thus a low-frequency response. The
impact of the intruder’s step also
causes vibration—a. rattling of the
wire in the tube. This causes a
high-frequency response. The re-
dundancy provided by these two
responses insures a high immunity
to false alarms.

The second device to foil the bad
guy is a standard Teflon coaxial
cable that functions as an electret
microphone. The device detects in-
truders climbing or cutting a wire
fence, or passing over a road, if
it’s buried, according to Kirby Mil-
ler of GT&E Sylvania’s Western
Div. in Mountain View, Calif.,
which is developing the alarm.

The cable is processed under ele-
vated temperature and high volt-
age, which transforms it into an
electret transducer. When the cable
is attached to a fence with ties,
vibrations in the fence can be de-
tected. With a special processor,
it’s possible to detect signatures
that reveal whether someone is
climbing the fence or cutting it,
Miller says, and the device dis-
criminates against unwanted
alarms. The readout is either a
flashing light or an audio tone.

DOD standard designs

Defense officials say the current
shortage of components for mili-
tary programs is leading to stand-
ardized designs and the coordina-
tion of requirements among
programs. The Pentagon is looking
towards a program instituted by
the Air Force’s space and missile
systems organization which re-
quires designers to check approved
parts lists during design and to
justify any deviations from them.
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The first modular
instrumentation
calculator.

Just $5905 as shown.

It’s our 31/53 Calculator
Instrumentation System

A powerful, yet inexpensive
calculator combined with our
TM 500 power supply and
system software. You add the
instrumentation modules you
need. It's all there and it's
portable. Now that's versatility!

With our 31 Calculator, you can
read input from our DMM's and
counters. You can log data
selectively, calculate results
and output data or trigger
signals.

Programming? Little more than

natural math. Go ahead, write
your own. Also, our standard
software gives you data logging
(on the optional printer) and
data capture on the 31 at
operator selected intervals.

For numerical monitorj

y Or

g

analysis, there's our 21/53 for $2895
less plug-ins. And in case you wondered,
our TM 500 plug-ins are less

expensive, too.

frames and modules you need.
We have a graphic calculator
system, too. Let our sales engi-
neer fill you in. Pick up your
phone and call our nearest
center. Or write
Tektronix, P.O. Box 500,
Beaverton, Oregon 97005

Energy monitoring.
Quality control test-
ing. Laboratory
and production

instrumentation. Our programmable

The applica- , calculators. Natural. Powerful.
tions go on, ) Significantly less expensive.
and so does

our system’s
potential. Just
add the main-
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Like A
Puppet

OnA
Strin

The MC1505L performs the

diverse roles required of analog-to-digital con-
verter subsystems. Instrumentation, data acqui-
sition, industrial controls, or remote sending.
Wherever you call for an analog signal to be dis-
played or controlled digitally, the MC1505L A/D
Converter Subsystem can be your marionette.

Behind The Scenes

The tried and true “dual ramp” technique. Your
assurance of system immunity from all but the most
rapid changes in external component values, tem-
perature drifts, etc.

In The Spotlight

Accuracy. Outstanding accuracy. With the digi-
tal system of your choosing; counters, a clock, and
some gates, you can show off an A/D converter of
either 31 or 4% BCD bits or up to 13 bits in the
binary code.

Simplicity. Since the MC1505L provides its own
voltage reference, two calibration potentiometers
(full scale and zero adjust) and one integrating
capacitor are all you need for normal operation in
the A/D subsystem itself.

Compatibility. The digital logic system is yours
for the choosing. Digital inputs and outputs are
equally at home with either TTL or CMOS.

Conservation. Keep Watts under your thumb
with the MC1505L’s low power consumption of 42

mW @ +5.0 V. Tailor-made for battery operated
instrumentation systems. Like those using CMOS.
And, single power supply operation (+5.0 to
+15.0 V) lets you eliminate extra circuitry.

v

MOTOROLA LINEAR

—practical innovations for systems design.

FULL-
SCALE
CALI-
VOLTAGE
RRATION . REFERENCE M C‘I 505
REFERENCE
CONVERTER
INPUT
CONVERTER
com-
ANALOG
o GRATOR | PARATOR

ZERO CALIBRATION _L

DIGITAL LOGIC
SECTION l

COUNTERS
O

LATCHES MULTIPLEX W—E;Avl-—

§6588458848488

DIGITAL OUTPUT

CLOCK

DELA;I

Budget Production

An A/D converter doesn’t need to cost the typical
hundred dollar plus figure associated with many
twelve bit modular units. Comparable accuracies can
be yours simply by building onto the MC1505L with
a few dollars worth of counters and gates. For a
thrifty $5.95 (100-up) you can get started with our
limited temperature range version MC1405L sub-
system.

Put It All Together, It Spells Success

Tryitina 31 or 414 digit A/D converter — com-
bined with either CMOS or bipolar logic for the
complete A/D converter function. Particulars can be
found in the detailed 14-page data sheet. The data
sheet can be found at P. O. Box 20912, Phoenix, Ari-
zona 85036, or circle the reader service number
below.

Try the MC1505L wherever you want to digitally
display, process, measure, control or store an analog
function.

Try it in quantity, off-the-shelf today.
The MC1505L analog-to-digital converter
subsystem.

Your wish is its command.

INFORMATION RETRIEVAL NUMBER 22
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Handle Troublesome
Signals Easily With HP
Variable-Persistence

Because the unique capabilities of variable persistence in
HP’s 180 systems tackle these difficult measurement prob-
lems with much more ease than the conventional scope you’re
probably now using.

Dim traces—low rep-rate signals are brightened by the
integrating characteristics of variable persistence so you can
observe them clearly in normal ambient light...even at
rep-rates below 1 Hz.

Transients —digital noise pulses or other single-shot
events are made visible by the high writing speed of HP’s
mesh-type storage and variable persistence.

Slow-moving waveforms —electromechanical events or
transducer outputs that appear as a ‘“‘bouncing ball”’ on
conventional scopes will be displayed as a continuous trace
with variable persistence, allowing more accurate voltage

and timing measurements.

Two storage mainframes give you a choice of writing
speeds. And a broad selection of plug-ins lets you tailor
your scope to meet specific needs. To get the maximum
performance for your storage-scope dollar, look to HP.

For more information about the 180 system, contact
your local HP field engineer. Or, write Hewlett-Packard,
1501 Page Mill Road, Palo Alto, California 94306.

HEWLETT ﬁ PACKARD

Sales and service from 172 offices in 65 countries.
1501 Page Mill Road; Palo Alto, California 94306

INFORMATION RETRIEVAL NUMBER 23
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New Tool \ew Board
New Method

it’s part of the TY-RAP® System

Now tie quicker than ever before...

Our new high speed tool does it all . . . feeds a TY-RAP tie around
bundle, cinches to a preset tension, locks securely and trims evenly . . .
all in %90 of a second. There is no tool adjustment needed regardless
of bundle diameter from 142” to %”.

The off-the-board harnessing method allows the tool optimum use.
This technique utilizes our new harness board and harnessing
aids. The board is reusable and reversible. It’s modular too . . .
snaps together for larger work areas. It’s constructed of poly-
ethene foam sandwiched between two metal screens — nails

are pushed in by hand. It’s all part of the TY-RAP System

to lower your costs of harness fabrication.

Write for new catalog, The Thomas & Betts Company,
Elizabeth, New Jersey 07207 (201) 345-4321. In Canada,
Thomas & Betts Ltd., P. Q.

Sold Only Through Authorized T&B Distributors

v po

.riw -

New, pneumatic tool (TR-225)
installs just about every size of TY-RAP
tie for " to 4” diameter bundles.

"t
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introducing
the programmable

We're talking about our unique Stripswitch™

the miniswitch for direct printed circuit board

mounting or panel

installation. This little
marvel is molded of
impervious Valox*,
and is guaranteed
for two years.

Other facts: it comes in one, two, three, four,
five, and six station models ($1.95 per station,
standard); in a variety of codes, including
decimal, BCD, Complimentary, Special
Binary,and 1, 2, 3, and 4 pole.

On a custom basis we can
do lots of other things to
your Stripswitch. Like
interconnections, markings
and legends, color coding,
stops, number of switch
positions, additional stations, et cetera.

memory with
visual readout.

A 10¢ stamp will get you an immediate reply,
or your finger on the dial of your telephone
will get you instant answers.
Call us collect. Or one of our
distributors: G.S. Marshall,
Hall*Mark, or Schweber.

Your sample awaits.

*Registered General Electric trademark

EECO

1441 East Chestnut Avenue
Santa Ana, California 92701
Phone 714/835-6000
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The firs¢ PPM
that transforms
into your own
product by
simply plugging
ill a PO‘Q‘ard.

ANALOG INPUT
Configuration:

Dynamic Input Impedance:
Common Mode Rejection Ratio:

ACCURACY/STABILITY
Accuracy:

Range Tempco:
CONVERSION TECHNIQUE
DISPLAY

DIGITAL SIGNALS

Logic Levels (all

inputs and outputs):

UNIVERSAL POWER INPUTS:

Operating Temperature:
Dimensions:

AN2553/AN2533 DESIGN SPECIFICATIONS

Bipolar balanced symmetrical
differential inputs

1000 megohms nom

80 dB standard, up to

160 dB ootional

0.05% of reading +1 count
35 ppm of reading
Dual-slope integration

55” 7 seg. Sperry or .5” L.E.D

External Blarking, Hold,
Overload, Clock,Latch

Carry, EOC, Polarity

100, 117, 220, and 240 VAC
RMS +10% 49 to 63Hz @ 2W
-10°Cto +60°C
DIN-STANDARD: 96mm
bezel width.x 48mm bezel
height; 95.4mm max depth

O Universally powered

[ True differential inputs

J Low power consumption

I DIN Int’'| Std. case size

[J Surprisingly low cost

[J Bright self-illuminating
display

[J High reliability

Build any required circuit
on the uncommitted analog
interface card we furnish.
Then just plug it into the spe-
cial powered signal interface
connector in our AN2553 372 -
digit DPM. It's that easy to
incorporate the value-added
options that make your prod-
uct more profitable. ..or spec-
ify application requirements,
and we'll build them in before
shipment.

Either way, you can get
interface and signal condi-
tioning flexibility never avail-
able before—including lin-
earized thermocouple cold-
junction compensation, load
cell transducer excitation,
auto ranging, current shunts,
active multiple filtering—=virtu-
ally any functional add-on, in
fact, that you need. And, be-
cause the circuit card fits
right in the internationally ac-
cepted DIN standard pack-
age your system or instru-
ment is simplified and much
more economical and there's
less to debug.

We've put in power and
space for an optional digital
circuit card, too. So you can

add isolated and buffered
parallel BCD output, linear-
ization, and set point control
...go all the way and ex-
pand the basic DPM up to the
subsystem level—at the low-
est cost.

Don'’t need all the flexibil-
ity? Order the even more eco-
nomical, general-purpose,
basic AN2533. Fill all your
3%z digit DPM needs with the
exceptionally high quality and
reliability ensured by premi-
um-components, worst-case
design techniques, low parts
count, and the cool-running
generously derated operation
that has made Analogic the
number one supplier of OEM
digital panel instrumentation
in the whole world.

Write for more informa-
tion: Analogic, Audubon Rd.,
Wakefield, Mass. 01880;
phone (617) 246-0300.
Northeast, 617-235-2330, 203-966-2580,
315-466-0220, 201-652-7055,
212-947-0379
Mid Atlantic, 215-272-1444,
215-687-3535, 703-790-5666,
301-252-8494
Midwest, 314-895-4100, 913-362-0919,
216-267-0445, 513-434-7500,
313-892-2500, 412-892-2953,
312-283-0713, 414-476-1500,
317-844-0114
South, 713-785-0581, 214-620-1551,
305-894-4401, 919-227-3639,
205-534-9771, 305-773-3411,
813-867-7820
West, 303-744-3301, 505-523-0601,
602-946-4215, 505-292-1212,
714-540-7160, 415-398-2211,
206-762-7664, 503-643-5754,

Canada, 613-836-4411, 604-688-2619,

416-499-5544, 514-636-0525,
902-434-3402

NOTE: Model AN2553 offers adcitional capabilities
$89.00 Base Price AN2533 quantity 100

ANALOGIC =

... The Digitizers
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The Rolm 1602 has the power

to get your program off the ground

For $18,750

the 1602 Ruggednova is the most powerful,
yet lowest priced mil spec,
16-bit processor with 8K of memory
on the market

The 1602 is loaded with power features. 450 nanosec-
ond semiconductor memory read cycle time. Memory
expansion to 256K words. Dual Port memories. Float-
ing point hardware. Stack processing. Double precision
arithmetic. 32-bit instructions and powerful interrupt
processing.

We could go into detail on how each of these features
improves your system . . . but better yet here are five
ways the 1602’s power improves your overall program.

1. Reduce programming costs. The 1602 allows
you to program in less time because you have more
power per instruction. In addition-to’ins%ruction power
ROLM also provides a wide selection of documented
software proven in over 8000 commercial and military
installations. »

2. Reduce risks. You don’t have to worry about un-
derestimating size of computer with the 1602. With
its execution speed and expandability, there’s plenty
of computer to do the job. You can get out of speed
binds with our semiconductor memory or custom mi-
crocode. And don’t worry about memory binds with
our ;xternal memory which is expandable up to 256K
words.

3. Reduce 1/0 processing problems. With the 1602
power, the expanded interrupt structure, the DMA,
and Dual Port memories you can handle more data
on your computer system. To aid you in utilizing this
I/0 power, ROLM has available over 30 general pur-
pose interfaces for the 1602. Your special interfaces can

naf

A
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even be placed right inside the 1602 with no time lost
in designing an extra chassis or power supply.

4. Reduce hardware costs. A lot of the extra hard-
ware normally needed can be eliminated since the 1602
has the power and capacity to do a wide range of tasks.
You can reduce your costs by reducing the number of
computers needed, not to mention the fact the 1602
is the least expensive full mil-spec machine available,

5. Avoid qualification tests. The powerful 1602
Ruggednova has already met Mil-E-5400 airborne en-
vironments, Class 1I; Mil-E-16400 shipboard environ-
ments, Class I; and Mil-S-901 for high impact shock.
Its military name is AN/UYK-19(V). The 1602’s per-
formance is qualified and guaranteed after delivery
with a 90-day warranty. This saves a lot of your time.

These are just a few of the ways the 1602 takes the
risk out of selecting the right computer. If you would
like those specific technical details we mentioned about
the 1602, drop us a line . . . or, if your program needs
to get off the ground faster, call:

CORPODRATION

Regional Sales Offices: Boston 617-237-5752; Cincinnati/Dayton 513-874-5406;
Dallas 214-661-8905; Los Angeles 213-784-8500; New York 914-297-9533; Palo
Alto 415-965-2224; Washington, D.C. 703-893-2696.

D tic Rep ives; Colorado 303-355-3521; Kansas 913-362-0919; Mis-
souri 314-895-4100; Washington 206-624-9020.

18922 Forge Drive
Cupertino, Ca. 95014
(408) 257-6440

TWX 910-338-0247

An Equal Opportunity Employer
INFORMATION RETRIEVAL NUMBER 27
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FROM COAST TO COAST

We've got the greatest numbers game in the country.
California: 800-854-2799. Florida: 800-327-3243.

Dial either one of these toll-free exchanges anytime for information on 60,000 semi-conductor
part numbers. CMOS. FET’s. PMOS. Power Transistors. All Hybrids. Diodes. Rectifiers.
Virtually any Semi-conductor, Custom or Standard. We’'ll provide on-the-spot price information
along with in-depth technical assistance.

Just call us first for any of your semi-conductor requirements.
After all, we've got your number. And now you've got ours!

CALL TOLL-FREE CALL TOLL-FREE
800-854-2799 800-327-3243
8808 Balboa Avenue 1177 Blue Heron Blvd.

San Diego, California 92100 Riviera Beach, Florida 33404

Eolitron

DEVICES, INC.

PLANTS IN: CALIFORNIA * FLORIDA * NEW YORK ¢ ENGLAND ° HONG KONG ¢ MEXICO
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Monsanto introduces its

rough in

°H Tspris (et
SFE R I FE S \“High Technology
with three new Frequency Counters

Monsanto’s new HT Series (High Technology) instruments
designed specifically for communications, is the 8700
family of Frequency Counters. As a part of Monsanto's
ongoing R & D program to produce digital instrumentation
of optimum reliability and performance, these counters
offer outstanding specifications. Only through the judi-
cious use of tested technology, human engineering prin-

ciples, and state-of-the-art circuitry and components,
could the demanding standards of this series be accom-
plished. To further fulfill the promise of the series, each
instrument is housed and protected in a contemporary,
designer-styled aluminum enclosure that facilitates cali-
bration and maintenance while providing an appearance
as advanced as the technological innovations it contains.

8700 Series
prices range from

$595.

The 8700 Series of Frequency Counters consists of three separate models

with ranges of 150 MHz, 550 MHz and 1 GHz.

All models feature: Frequency and Ratio mode/Opti-ranging for optimum display resolution/Full 9 digit,
Monsanto, easy-to-read amber LED display/10 mV rms sensitivity with AGC/Selectable input impedances of
50 ohms and 1 megohm/High stability oven controlled crystal oscillator/Options included: parallel BCD
output, IF subtraction, higher stability TCXO oscillator, high overload input protection/Available from stock/

UNITED SYSTEMS CORPORATION
918 Woodley Road, Dayton. Ohio 45403
Ph (513) 254-6251 Twx. (810) 459-1728

a subsidiary of
Monsanto

INFORMATION RETRIEVAL NUMBER 205
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U.S. acts to screen exporting of technology

Secretary of Commerce Frederick B. Dent has asked Congress to extend
and amend the Export Administrative Act and add a requirement that
U.S. companies and their affiliates abroad report within 15 days ‘“‘any
written understanding that would be likely to result in the export to a
Communist territory, other than Yugoslavia, of any technical data of U.S.
origin that is not generally available.” According to Dent, the Dept. of
Commerce, “and indeed the Government as a whole,” are frequently not
aware of the nature of these agreements until the American company
applies for an export license. The reason for the new clause, the Com-
merce Secretary says, is “to deal with the U.S. party to the transaction,
as appropriate, to minimize the risk that significant strategic technology
will inadvertently seep to the Communist country in question.”

The Senate Banking, Housing and Urban Affairs Committee will hold
hearings on the extension of the export legislation, which expires June 30.

Global technology data net proposed

Rep. Richard T. Hanna (D-Calif.) proposes a U.S. International
Science and Technology Transfer Institute to permit instantaneous ex-
change of information between experts in this country and other nations.
The institute would use Intelsat and NASA global telecommunication
systems, as well as prototype satellite models and microwave communica-
tions, so data could be transferred by voice, video, teletypewriter, fac-
simile, computer retrieval and interactive television and cathode-ray
devices. The institute, an idea developed in a staff study prepared for the
House Science and Astronautics Subcommittee on International Coopera-
tion in Science and Space, would be linked to the National Science Foun-
dation. Existing governmental mechanisms for technology transfer are
not adequate, Hanna says, and “the transfer of technical information to
other countries-will undoubtedly hasten the creation of new outlets for
American industry and commerce.”

Defense Dept. refocuses its electronics research

The Defense Dept. has reorganized some of its basic electronics research
programs to focus on efforts that promise practical military weapons
according to Dr. Malcolm Currie, Defense Research and Engineering
Director. Display research programs, which until now have concentrated
on advanced technology, are being brought down to earth. Research is
being directed toward making displays part of a military system that can
be easily operated by people.
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In other developments, infrared research is emphasizing the 8-to-14 u
spectral region. And integrated-circuit research is stressing designed-in
reliability rather than what Currie indicates has been the usual practice
of testing ICs after design, then going back to correct reliability prob-
lems. In the development of radiation-hardened ICs, the Pentagon has
asked researchers to concentrate on metal-insulator semiconductor (MIS)
circuits instead of hardened bipolars. MIS devices, Currie says, offer
higher packing density, lower power and potentially lower cost. '

New jet landing procedure would need more electronics

A new two-segment landing procedure designed to cut jet noise levels
would require some $130-million in new electronic equipment. The pro-
cedure is being considered by the Federal Aviation Administration for 58
airports in this country. The agency is proposing that the airports require
a shorter, steeper glide slope during the first part of the landing approach
and a leveling off to the usual angle for the actual landing. The technique,
developed jointly by the FAA and NASA, would require the installation
of distance-measuring equipment (DME) on the 100 runways serving
jets, to give pilots precise navigational information, and corresponding
receiver equipment in the aircraft. The FAA would foot the $5-million
bill for ground equipment, but it estimates that it would cost some
$66.6-million to outfit airliners with the new avionics, and a similar
amount to outfit general-aviation jets.

Coast Guard studies coastal navigation aids

Coast Guard officials have concluded that the increased shipping that
will result from the construction of the trans-Alaskan pipeline will make
critical the need for a precision surface radio navigation system in the
Pacific coastal region. But after studying the various alternative systems,
they are also reluctantly concluding that no single system appears capable
of providing positional fixes both on the high seas and in the narrow
confines of a harbor. At present, Loran-C is the leading candidate for
precise navigation. in coastal waters and harbor areas, but the longer-
range, easy-to-use Omega seems superior for navigation on the high seas.

Capital Capsules: The Naval Air Systems Command, which is pushing the design of a
minicomputer for tactical applications, is asking industry to provide infor-
mation on the interface characteristics of off-the-shelf mini peripherals
so the computer design will be compatible with commercial devices. .
The Rome (N.Y.) Air Development Center is planning to contract a
study to determine whether fiber optics can be used instead of a micro-
wave link for communications between the ground and a high-altitude
balloon. A fiber-optic cable would be incorporated into the balloon tether.
. . . Gordon Rule, controversial civilian Navy procurement specialist, has
warned Congress that a $3.5-billion patrol-ship program is heading for
disaster unless production schedules are slowed to make sure an Italian
gun and Dutch-designed fire-control system will work. Rule says foreign
guns and control systems have never been successfully “Americanized.”
. .. The Army will put a new infrared sensor and side-looking airborne
radar on the 0V-1 Mohawk Observation plane. The infrared equipment,
the Army says, can detect a man from an altitude of approximately one
mile, even though his temperature may differ only slightly from that of
his surroundings.
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another handful ...
with more measurement

solutions

THIS 5 MHz PORTABLE ADDS
EXPANDED BANDWIDTH TO THE
TEKTRONIX LINE OF MINIATURE
OSCILLOSCOPES

You've got to keep your compu-
ter installation running; downtime
is too costly to treat lightly.
When it happens, you must get
there with the proper trouble-
shooting equipment, find the
problem and quickly correct it.
The 221 from Tektronix will help
get the job done.

At 5 MHz bandwidth, 5 mV/div
sensitivity, and 1 us/div sweep,
this battery-operated miniscope
displays the waveforms encount-
ered in today’s computer environ-
ment.

Many operator conveniences save
set-up time and make the dis-
play easy to interpret. The in-
tegral 1 MQ probe is always
there when you need it. Deflec-
tion factors are easy to read.
Trigger level and slope are sim-
plified in one rotary control.
AUTO trigger mode automatically
triggers the scope trace from

its input signal. And in AUTO
mode, a bright reference trace
eliminates confusion. Rotate the
switch out of AUTO mode and
you can select any combination
of trigger slope and trigger
level. With all this, you carry
just 3%2 pounds.

In its 3" x5%"” x9” package, the
221 has rechargeable batteries.
It can be operated and charged
from practically any power

source from 90 to 250V, 48 to

62Hz AC, or 80 to 250V DC
without switching. Double insula-
tion protects the operator while
making elevated voltage measure-
ments. Its impact-resistant case
absorbs the rough treatment you
expect in field maintenance.

221 Portable Oscilloscope, includ-
ing batteries and probe ... $775
Other 200-Series miniscopes offer
500 kHz bandwidth in single- or
dual-trace, or dual-trace storage
models.

Call your nearest field office for
a look at the 221. Or write Tek-
tronix, Inc., P.O. Box 500, Beav-
erton, Oregon 97005. In Europe,

" write Tektronix Ltd., P. O. Box

36, St. Peter Port, Guernsey,
C.l, U.K

TEKTRONIDG
- committed to

technical excellence
INFORMATION RETRIEVAL NUMBER 30
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Some of the best things
about our new Digivac 1000
are what you can't see.

When you look at our
vacuum fluorescent readout,
you won’t see the low voltage re-
quirements making it directly
compatible with available
MOS IC logic packages.

You won’t see the exclusive
mica substrate which supplies
mechanical strength and helps
emphasize lighted segments
through a desirable halo effect.

You won’t see the low cost,
lower than competing read-
outs with fewer customer
advantages.

Of course, there are things
about our Tung-Sol® Digivac
1000 you can see.

Like the Digivac 1000’s
brightness. 50 % more bright-
ness and greater uniformity
than ever before.

You can see the flexible For additional informa-
language with alpha, numerical  tion on the Digivac 1000, write
and symbolic figures. to: Wagner Electric Corpora-

You can see the wide range  tion, 1 Summer Avenue,
of colors, including white, Newark, New Jersey 07104.
available with common types Wagner makes other quality

of filters. products in volume for the elec-

And because of the unique tronics industry, including bridges,
construction, you can see the power supp_lies and .s*'{tbsystem.s,.
accurate viewing assured silicon rectifiers, resistors, minia-
£ Fitaint] 1 ture lamps and status indicators,
rom virtua'ly any angie, And Wagner offers contract
With the Digivac 1000 manufacturing.
readout, whether you see it or
youdon’t...it’s still nice to

know it’s all there. WMNEHJ

e s Weigoars Tungs ol oo Diglvies R 105, B Dk, meck Mareos B Tastdcs We've got a lot more riding for you.

INFORMATION RETRIEVAL NUMBER 31
44 ELECTRONIC DESIGN 9, April 26, 1974



NOW AVAILABLE IN THE U.S.A.—

FUTABA i oo

With over 35 years of electronics experi-
- ence, FUTABA is well known for high
quality, reliable fluorescent readouts and
compact, attractive keyboards. Widely used
by most major electronic calculator manu-
facturers in Japan and other countries,
these items are now available for the first
time in the US.A. in quantity. FUTABA

F”,m guarantees prompt delivery!
A

® For additional information, please contact:

FLUORESCENT READOUTS
% CT, CR Series for Hand Calculators
...... Available in 6, 8 and 9 digits with or without
symbol.
FEATURES:
® Compact.
® Bright blue/green.
® Easy to read.
® | ow voltage, low power.
® Direct LSI drive.

#MT, MR Series for Desk-top Calculators

...... Available in 8, 10, 12, 14, and 16 digits.
FEATURES:
® Plug-in type flat package.
® Easy to read blue/green readouts (0.3" high).
® [ ow voltage, low power.

KEYBOARDS

M-2B: Individual mechanical switch, plug-in mounting.
M-3: Same as M-2B, but smaller.

FX, SD Series: Thin keyboards for hand calculators.

Standard keyboard switches and key tops available from
FUTABA stock for instant keyboard layout on your
mounting plate.

OTHER FUTABA PRODUCTS:

® Press die sets.

® Mold bases for plastics.

® Material feeders for press work.

® Automatic stopping devices for automatic machinery.
® Radio control for. hobby aircraft, race cars, etc.

“FUTABA—THE BRIGHT PRODUCER”

Furasa Inpustries U.S.A. FuraBa ELectronic INpUSTRIES LIMITED
630 West Carob Street, Compton, California 90220, U.S.A. Super Bldg., 1-11-5, Sotokanda, Chiyoda-ku, Tokyo, Japan. Phone: 255-5881
Phone: (213) 537-9610 Telex: 69-1227 Telex: J26532
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this is one of the two best
57 digit multimeters ever made...

§ N
CIMRCJN‘TL DIGITAL MULTIMETER

B e s

GUARD

K \ | DMM-51

*195

A INSTRUMENTS

)

Compare the price/performance features of the with units offered by the other big
three DMM manufacturers. No other 514-digit multimeter that's anywhere near the price
of the DMM-51, provides the wide choice of functions available on this, the lowest cost,
autoranging, 515-digit meter on the market.

The basic unit measures DC volts and DC/DC 3-wire ratios with 1. volt sensitivity. To this
you can add your choice of: resistance to 1 millohm and AC volts—choice of averaging or
true RMS; 4-wire bipolar ratio; AC and DC current; high voltage DC to 30 KV; and fully
isolated data outputs. And, you can buy them with the DMM-51 or add them later.

and C=IMIEZCIIN makes the
other one, too.

N 19399

The world's finest 514 -digit systems multimeter combines all the features and functional
capability of the DMM-51 . . . plus the unique Saint Logic A/D conversion technique affording
high speed, high accuracy measurements even when measuring extremely noisy inputs.

When equipped with the Data Output/Remote Control option, data is available in both parallel
and serial-character format. The DMM-50 is the ideal systems DMM whether you're
interfacing to a computer or a printer. It's also available with directly compatible interfaces
which eliminate the cost of changing software and cabling, and provide you with a second
source if you're already committed to a competitive DMM.

For complete details, call or write:

CALIFORNIA INSTRUMENTS

a division of

AIXEN INDUSTRIES INC

5150 CONVOY ST. ¢ SAN DIEGO, CA 92111 < (714) 279-8620
FOR DMM-51, CIRCLE 178 FOR DMM-50, CIRCLE 179




Remember the time
you wanted something
special in 32 digits?

Your time has come.

When we at Analog Devices intro-
duced the 5-volt digital panel
meter, we said there'd be more —
a lot more. Look what we can offer
you in 32 digits alone.

Why so many? To give you a
choice. So you won't have to order
or build specials anymore.
Because now we've made what
you need a standard.

Let's say you need 32 digit resolu-
tion. You can get it displayed in
Numitron, LED, or even Sperry.
In Numitron, we can even give
you a choice of green or red.
Now you have to power it. Most

of our meters are
5volts DC

because so much of what you're
working on is in TTL logic. But if
you need one that can runon 115
volts AC, you've got it. The AD2006
with Sperrys—in AC or DC. It's our
latest DPM. But not our last.

You may even be designing some-
thing that will end up in another
country. We can help you there too.
With meters that will operate on
voltages in Europe, the UK., Japan,
and just about anywhere else.

~~~~~~
3 s

If you look closely, you'll see that
one meter isn'tameterat all. It's a
remote display. Sometimes you
need that kind of thing.

But then giving you what you need
is what it is all about. Like relia-
bility And extra features like card
edge connectors. Ratiometric
inputs. .05% accuracy And low
prices. Ours start at $49 in hundreds
for the remote display.

Now, would you like to see what we
can do for you in 4¥2 digits—or 212
digits? Give us a call. We'll see that
you get a copy of the “Designer’s
Guide to Digital Panel Meters.”
And any other help you may need.
Analog Devices, Inc., Norwood,
Mass. 02062. On the East Coast,
call (617) 329-4700. In the Midwest,
(812) 297-8710. And on the West
Coast, (213) 595-1783.

ANALOG
DEVICES

Then it was special. Now its a standard.
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Many people using our head-per-track disc and drum memories never heard of us. The computer
and systems manufacturers who buy our product keep it inside their own cabinets. The
end-user remembers only the name on the front panel: Foxboro, Control Data, Hewlett-Packard,
Texas Instruments, Modular Computer Systems, International Computers Ltd., or one of our
many other customers. But there's a more important reason why we're known to the most
discerning customers. Head-per-track disc memory systems are a vital but unobtrusive part of
a computing system. They call attention to themselves only when they aren't working. We've built
an enviable record from our memories working properly . . . year after year after year. That's

no happy accident. We work hard at it. We have a proven track record of reliability, from
design right through manufacturing. When you select our equipment, we stand behlnd you—as
a company—all the way. Call or write today for technical data and

names of customers who'll tell you that our staying behind them

is why we stay out front.

Our head-per-track
memories are right
behind the best names in
computing systems

DIGITAL DEVELOPMENT CORPORATION

5575 Kearny Villa Road, San Diego, CA 92123. Phone: (714) 278-9920
European Sales Office: Radix House, Staines, Middlesex, England. Phone: Staines 51444

INFORMATION RETRIEVAL NUMBER 35
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Dearborn....
foremostin film capacitors...
gives you 45 designs to choose from.

There’s one to meet your exacting requirements.

Write for engineering bulletins on those capacitor styles in which you are interested.

*Trademark

44444444

SPRQGUE ELECTRIC comPANY | »
@HM electronics division
PO. ' BOX 1076, LONGWOOD, FLORIDA 32750
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50 Microwatt

Triple Op Amp

The L144 monolithic triple op amp draws only S50« A of current
per amplifier, from a =1.5 V supply. What’s more, it is

AVAILABLE NOW FROM YOUR LOCAL DISTRIBUTOR!

1144 features include:

e Monolithic triple op amp in DIP or Flatpac packages

Internal compensation

Single programming resistor
80 dB gain with 20 K load

Programmable power dissipation
Programmable input bias current

e Cost effective: $1.63 per single op amp™?”

(ML 144CJ 100-piece price

Wide power supply range—=1.5 Vto 15V

Applications examples:

VDW
Lo
16V P-P

1000

INPUT BIAS CURRENT (nA)
8

10 100 1000

R,

Ve =15V

Ree Rser R

5mQ lons = —40 nA N 750 KQ N -

R, R, R, 20 KO
e
150 KQ = 75KQ 75KQ
R, |V =10V
150 KQ R, 75KQ
%

V=10 Vo—rot w o Ve 3R, 1.5KQ

Ry 75 KQ
R, 1 s
150 KO =
i R, Rs R, Vier -
Va [ "E 750k 75KQ  75KQ  (GND or
Pn 124w Ve e Vos NULL)
biker bliss outsut
. petlaN  Va(IATI < 0kl

V- =10V V- =-15V

DOUBLE-ENDED LIMIT COMPARATOR

INSTRUMENTATION AMPLIFIER

ACTIVE FILTER

The L144 is a practical industry-standard operational amplifier for use when low current
drain, low voltage, low power, or very small physical size are controlling criteria. If your
circuit requirements are unique —and whose aren’t—our applications people are eager to help.

For complete information

write for data

IC Applications: (408) 246 8000, Ext. 120

Siliconix incorporated

2201 Laurelwood Road, Santa Clara, California 95054
INFORMATION RETRIEVAL NUMBER 37
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(editorial )

We lie a lot

I don’t think I've ever met an honest man.
All of us lie. These days many of us justify
it because there’s obviously one hell of a lot
of lying in the highest government circles and,
after all, “If it’s OK for them, it can’t be
too bad for me.”

But our lying goes further back. Most of
us learned to lie as babes; we lied to avoid
pain or the displeasure of our parents. We
would do something pleasurable, but forbid-
den, then deny it to avoid unpleasant conse-
quences. Later we learned to deliver half-
truths. We wailed that ‘“Johnnie belted me L : -
in the eye,” while conveniently forgetting, “I socked him in the teeth,
first.” Later, as adults, we lied because it’s socially acceptable and
proper. When our neighbor’s youngster scratches away at his violin,
it’s unlikely that we’ll say to our neighbor, “Gad, that’s awful. Can’t
you burn that thing?’ And we’re not likely to tell our own children
they were dreadful in the school play.

In business life we lie to protect our jobs or advance our competitive
positions—just as politicians do. When we write specifications to de-
scribe the products we sell, we tend to omit those specs that cast our
products in a less than lovely light. We suggest more than we can
deliver and conceal our product’s weaknesses. We use qualifiers like
“up to” and “as low as” to describe specs our customers may never
encounter. We highlight multiple specifications that may not be con-
current. And we give the best specs of different products leaving the
reader to assume that these specs cover a single product. We “forget”
to indicate conditions that may limit the achievement of headlined
performance levels. And it’s the rare engineer who will confess, “Wow!
I really loused up that design.” So we lie by omission, by commission
and by expression of partial truth.

Yet, lying, per se, isn’t necessarily bad. Only a hard-hearted purist
would argue that we should crush our children by telling them they
were rotten in the school play. Only a misogynist would argue that we
should stop telling ugly old ladies how young and lovely they look.
And only a hermit would demand that we destroy our relationships
with our neighbors by telling them their children are untalented brats.

It’s not likely we’ll quit lying. But we all might be more comfortable
if we could make ourselves more conscious of why others lie and more

aware of why we do.

GEORGE ROSTKY
Editor-in-Chief
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,

AGES

FLOW SOLDER TERMINATION
PRINTED URCUIT CONNECTORS

SERIES 600-121

Available Sizes: 20,30,52,
60,66,72,80, 86 and 100 Contacts
.100”’ Contact Centers
Single & Dual Readout

For 1/16" PC Board

WRITE OR PHONE

FOR COMPLETE

PRINTED CIRCUIT CATALOGS:
(212) 899-4422

“BELLOWFORM”
CONTACT

HOOKED INTO
POCKET OF
MOLDING AND
FULLY SUPPORTED
AGAINST MOLDING
WALL FOR COIL
SPRING ACTION

ILLUSTRATIONS ACTUAL SIZE

i

For the Sales Representative Nearest You, See Our Listings in EEM and VSMF Directories.

CONTINENTAL[<:>1 CONNECTORS

CONTINENTAL CONNECTOR CORPORATION = WOODSIDE, NEW YORK 11377

INFORMATION RETRIEVAL NUMBER 38
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Why is Corning
running an 8-page ad
on its cpmgonents,
now, durlnq he worst
component shortage

since 19427




, To our customers — We know your production and design plans
e e s depend on a clear and accurate picture of component availability.

And since Corning’s components represent such a large percentage

and tell you what you can expect from us in the future.

g: of total supply, we'd like to show you where we stand today...

To our prospects — We believe we’re the first component supplier to emerge from a backlog
situation. We'd like to update you on our new capacity, expanded lines, and developments.

That’s why we’re running this 8-page report.

The metal film resistor
shortage and what we're
doing to end it-

Demand for our metal film resistors soared
during the past 18 months. There were two
reasons...

First, designers continued their move away
from carbon comps and wirewounds to metal
films as they recognized the superior price/
performance value that metal film resistors offer.
The effect of lower metal film prices combined
with the tighter tolerance needs of upgraded cir-
cuits suddenly created demands far beyond
the industry’s most optimistic forecasts.

And second, we were deluged with larger
metal film resistor orders because other suppliers
couldn’t deliver as fast as we could. Demand
was heaviest for the /4 and /2-watt styles.

The growth in metal film
came faster than anyone predicted:

—

e
-
-.....
bl
-

.. carbon comp forecast
L]
carbon comp actual g P /
...
L]

metal film actual

metal film forecast

Billions of Pieces
n

71 '73 '75 77 '79 '81 '83

Industry demand vs.
Corning production.

At its worst, order lead times ranged from 24

to 60 weeks and longer — compared to 6-week

deliveries that were normal for us the year before.
But fortunately we had already begun

a major metal film resistor expansion program.

As such, we were able to meet an exceptionally

high percentage of all promised shipments,

and then gradually reduce lead times to a current

54

4 " i, —

Our engineefing staff developed many new techhiques in all
phases of resistor production.

average of 12 weeks — with 6-week delivery
on several styles.

Our expansion program came in three
phases, which let us move faster than the “brick
and mortar” route to expansion.

Immediately, we moved to a full 3-shift-
per-day 7-day-per-week production schedule.
Our production and quality control staff was
expanded quickly by transferring many experi-
enced people back to our plants. And many more
were hired and trained.

Secondly, we designed, tested and installed
new high speed automated equipment and
improved techniques in practically every stage
of manufacturing. More than 18 state-of-the-art
devices were developed by our engineering staff
in this program.

Thirdly, we significantly expanded our basic
resistor manufacturing operations at both
Wilmington, N.C. and Bradford, Pa. This included
a doubling of our resistor substrate capacity
to keep us free from shortages in basic raw
materials. ;

Just these last two stages required a multi-
million dollar investment in capital equipment
and facilities —all geared to increase output.

Throughout, our chief concern was keeping
absolute control on product quality. More
resistors —but bad resistors —is no progress
at all! So we moved quickly —but at a pace and
on a plan that would not risk quality problems
that could cancel out production gains.

ELECTRONIC DESIGN 9, April 26, 1974



Corning is a major supplier
of metal film resistors.

As a result of this expansion, we’re now shipping
more than twice as many metal film resistors

as we did in 1970. We supply more metal film
resistors than anyone else in the U.S. today.

Corning metal film resistor production
has more than doubled since 1970:

New additions you can
expect to see this year.

Our current resistor line includes precision, semi-
precision and general purpose parts —in a wide
range of sizes and styles including ER and

our flame-proof resistor line.

L

We are adding substantially increased
capacity for precision parts with temperature
coefficients of 50ppm/°C. And 25ppm/°C.
parts are in the final stages of development. This
will extend the range of our metal film per-
formance capabilities significantly. As soon as
samples of our 25 ppm resistors are available for
evaluation, we’ll let you know.

What to expect in the
next 3 to S years.

We believe the metal film resistor supply situation
will greatly improve in the second half of this
year. But we also expect metal films to continue

ELECTRONIC DESIGN 9, April 26, 1974

to be the fastest growing segment of the discrete
resistor market.

As the lower power requirements of new
designs make wirewounds less popular, and the,
needs for greater precision (particularly in
automotive and instrumentation applications )
make carbon comps less suitable —we expect to
see an annual demand growth of at least 10
to 12 percent. And we’ve geared our production
to meet this demand.

Keeping tabs on our
progress.

Throughout the shortage, we’ve regularly sur-
veyed our customers to measure how we’re doing
versus other suppliers.

The result of the latest reading is shown
below...

How users rate Corning’s
metal film resistors
Corning|FirmA|Firm B|Firm C
Buyers’ ranking of
—best quality #1 HGE 3l H2
—best value
for cost #1 #4 #3 #2
—best distributor
availability #1 #4 #3 #2
Engineers’ ranking of
—best quality #1 #4 #2 #3
—best value
for cost #1 #4 | #2 #3
*tie

We’re pleased —but not totally.
Obviously, we're still having to say “no” too often
to new orders from new customers.

We hope we can change that soon. We'’re
working at it. And we’ll keep you posted as our
metal film resistor supply backlogs further ease.

n
n
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to' And what we're

Shﬂlhge: doing to end that too-

Corning has begun a major expansion into the
ceramic capacitor market. And we're gearing our
initial operations to very large volume produc-
tion of a relatively tight line of low cost parts.

For the past three years we’ve been supply-
ing a major portion of the computer industry’s
axial monolithic ceramic capacitor needs. And
have initially concentrated on miniature size,
epoxy-cased ceramic capacitors for automatic
insertion applications.

Now, with a number of new product develop-
ments nearing completion, we are planning
the introduction of a high volume low cost com-
mercial axial ceramic line and an expansion
into commercial radials in a major way.

Corning’s expansion into
ceramic capacitors.

During the past year, we’ve more than doubled
our capacitor production. And because capacitor
production is far more labor-intensive than
resistor production, this has required a signifi-
cantly enlarged technical and manufacturing staff,

plus facilities expansion at our Raleigh, N.C. plant.

Corning’s capacitor production
has been increased significantly:

900

1974
800

700
600

500

Index

1973
300

200

100

1971

56

But 1973 increases will be eclipsed by the
size of our expansion schedule this year and
beyond.

1975 production will triple 1973 levels.
1978 production will have tripled again. And
1980 production will be 70 percent over 1978
levels.

But our expansion program is just begin-
ning.

And the impact on longer term ceramic
capacitor supply will go far in precluding another
ceramic capacitor shortage.

o

BFe e . 3
Ceramic chip inventories are being built at this very minute.

Glass and Glass-K~ Capacitors.

Our glass-dielectric capacitors have been in strong
demand for applications where high stability

FLECTRONIC DESIGN 9, April 26, 1974



over a wide temperature range is required. In the
fall of 773, delivery lead times rose to 30 weeks,
but 8- to 10-week schedules are now more
typical and distributor stocks are being rapidly
replenished. Soon availability will be back

to normal.

The same holds true for our Glass-K glass-
ceramic capacitors —which combine the vol-
umetric efficiency of a monolithic ceramic with
the stability of a glass-dielectric.

New developments nearing
completion.

Our new “spin-seal” conformal-coated axial
could be the industry’s long-term answer to a truly
low cost automatically insertable ceramic
capacitor.

Using techniques we originally developed
for—and currently use in producing— our
resistor line, this epoxy-jacketed series has the
uniformity and handling characteristics nec-
essary for automatic insertion. But at lower cost
in larger volume production. The “spin-seal”
technology permits us to manufacture axials at
much higher speeds than are possible with
molded case styles. Throughout, coating thick-
ness is automatically gauged and controlled
to keep uniformity and performance exact.

As soon as evaluation samples are available
in quantity, we’ll announce their availability.

Industry demand forecasts:

Currently, molded axials represent 25 percent

of the leaded ceramic capacitor market. Through

1980 they’ll continue to move in on radials
based on current trends to automatic insertion.
As such, axials will remain a prime area of
concentration for us.

When our “spin-seal” axials are ready, we
expect to be able to supply axials at prices that

ELECTRONIC DESIGN 9, April 26, 1974

U.S. Ceramic Capacitor
Demand Forecast
1,200 millions of pieces

1,100
1,000
412MM
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500
g 764MM
300
200

100 |

73. 774 = 15 '76 T8 '79 '80

encourage a switch away from radials. This
should push axial growth even faster.

But we’ll also be ready with our radial line,
to provide whichever types of ceramic capacitors
your production requires.

In short, Corning plans to become a major
factor in all types of ceramic capacitors in the
years ahead.

o)




Shmge:

And what’s available now-

During 1973, we concentrated on keeping our
distributors supplied as fully as possible with
tantalum capacitors from our Components
Incorporated subsidiary.

By year end, this meant that a major per-
centage of the tantalum capacitors being sold
through distribution were ours.

The Tantalum
Capacitor

Distributor Sales of
Corning Tantalum Capacitors

1973

Recently, we introduced two more tantalum
lines into distribution and availability on both
should be excellent soon in most areas of the
country.

1. Our TK line:

These low cost, radial leaded, epoxy dipped
solid tantalum capacitors have capacitance values
in the 0.1 to 330MFD range — with working

voltages of 6 to 50VDC and tolerances of =10%
and =20%. Their low-profile configurations

B

g

58

and availability with a choice of lead bends make
them well suited for convenient insertion and
assembly.

Incidentally, our companion line of

DIPATAN® TD series epoxy-coated radials are

now in fairly good availability in most areas, too.

2. Our MINITAN line:

These microminiature solid tantalum capacitors
are epoxy-sealed in a polyester sleeve. They’re
available in both cylindrical cordwood and
rectangular modular form, with a choice of axial
or radial leads. Capacitance values are 0.001

to 220MFD, working voltages are 2 to 50VDC,
and tolerances are =10% and *=20%. They’re

in excellent supply. We can meet your needs now.

Supply problems exist
elsewhere.

Industry wide, supply problems are still enormous
for axial-leaded, metal-can-enclosed solid tan-
talum capacitors. These parts have soared

in demand because of their wide use in high
volume machine-insertion applications.

Corning, like other suppliers, has been
unable to gear up quickly to new demand levels
for these metal-cased parts, because their
fabrication is labor intensive and the very skilled
workmanship required cannot be expanded
rapidly without risk of quality.

We are in the process of training additional
personnel and have supplemented existing
facilities, but frankly it will take months to catch
up with current demand levels for both our
MILITAN® hermetically sealed ER line and our
ECONOTAN® epoxy-sealed consumer and

industrial line.

In the meantime, we suggest you take a closer
look at our MINITAN and TK series as good

alternatives to your immediate needs.
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a pivotal role:

Corning component availability -

In spite of shortages, we’ve made significant gains
in distributor availability across all three Corning
component lines. Progress here can be seen

in the chart below.

Corning components in distribution
have been increased dramatically.

Tantalum Metal film Glass and
400 capacitors resistors ceramic
. capacitors
1974
300
5 Z
[}
e R 1974
200 T 1974

10| et —
1972 1972 | 1972

I

We believe that a strong, well supplied
authorized distributor network is the only way
a component supplier can responsively meet
the large and growing needs of the thousands of
firms across the electronics marketplace.
That’s why our distributors are now our
largest “customer;,” and why they’ll be assuming
an even more pivotal role in Corning’s future
marketing and supply plans.

An expanded distributor
supply center.

To make this work, we’ve added a major new
distributor supply center at a location separate
from our plants. This supply center literally

buys Corning components from all locations in
anticipation of future distributor needs. In the full-
est sense, it’s become a “Distributor’s distribu-
tor.” And it operates under a strict policy that
prevents our OEM sales group from tapping into
distribution supplies.
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Our distributors
have assumed

Frankly, it will take a few months before our
new distributor supply center builds inventory to
levels where we can once again meet our goals
of shipping distributor orders directly from
off-the-shelf stocks.

But each week we’re making progress. For
example, our lead time on RN55D metal film
resistors has dropped from 22 to 11 weeks.
CK12, 13, 14 BX ceramic capacitors are now
available for off-the-shelf delivery from your local
distributor.

Strong emphasis on distribution means more
firms will be introduced to Corning components
than ever before. Engineers and buyers who've
never used our resistors and capacitors will be
buying them in future months.

We’ll keep you posted.

By being first to ease component
supply, Corning hopes to make new
friends and win new long-term users. This
in turn will let us keep expanding in
increments large enough to achieve low
cost pricing for our parts.

We'll keep you posted.
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What Corning makes:

Metal film resistors—precision, semi-precision types). Low cost, low profile epoxy-dipped radials
and general purpose—including ER and flame- in arange of types and sizes. Microminiature
proof types. Precision resistors with TC’s down to axials and radials—epoxy-sealed in both cylindri-
50ppm/°C.—with 25ppm/°C. parts coming on cal and rectangular cases.

laterin the year. Glass capacitors—a complete line of precision,
Ceramic capacltors—mmlature precision multi- fused monolithic glass-dielectric capacitors.

layer axials with molded epoxy cases have been Introduced 30 years ago and still the ultimate

our main area of emphasis. Lower cost com- in stability.

mercial axials and commercial radials will be our Glass-K™ capacitors—miniature, multilayer,
major area of expansion in future months. molded-case axials that combine the volumetric
Solid tantalum capacitors—axials in metal cans efficiency of ceramics with the stability that only
(in both hermetically sealed and epoxy-sealed aglass dielectric can provide.

Our Distributor Network:

ALABAMA: Huntsville; Cramer/EW (205)539-5722. ARIZONA: Phoenix; Liberty Electronics (602)257-1272. CALIFORNIA: Culver City;
Avnet* (714)522- 8220/(213)836 7200 Gardena, Bell Industries Electromcs Corp. (213)321-5802. Los Angeles; Liberty Electronics
(213)322-8100. Mountainview; Elmar Electronics (415)961-3611. San Diego; Liberty Electronics (714)565-9171. Sunnyvale; Acacia
Sales* (408)735-0100. COLORADO: Commerce City; Eimar Electronics (303)287-9611. Denver; Cramer Electronics (303)758-2100.
CONNECTICUT: North Haven; Cramer Electronics (203)239-5641. FLORIDA: Hollywood; Cramer/EW (305)923-8181. Hamilton/Avnet
Electronics (305)925-5401. Orlando; Cramer/EW (305)894-1511. ILLINOIS: Chicago; Bell Industries (312)282-5400. Schweber
Electronics (312)593-2740. INDIANA: Indianapolis; Graham Electronics Supply (317)634-8202. MARYLAND: Baltimore; Radio Elec-
tronics Service Company (301)823-0070. MASSACHUSETTS: Watertown; Sterling Electronics (617)926-9720. Newton Centre; Cramer
Electronics (617)969-7700. MINNESOTA: St. Paul; Ragon Electronics (612)488-0201. NEW JERSEY: Cherry Hill; Cramer Electronics
(609)424-5993. NEW MEXICO: Albuquerque; Cramer Electronics (505)265-5767. NEW YORK: Freeport; Milgray Electronics
(516)546-6000. Hauppauge; Cramer/Long Island (516)231-5600. Rochester; Cramer/Rochester (716)275-0300. Syracuse; Cramer/
Eastern (315)437-6671. Westbury; Schweber Electronics (516)334-7474. Woodbury; Harvey Electronics (516)921-8700. NORTH
CAROLINA: Winston-Salem; Cramer/EW (919)725-8711. OHIO: Cincinnati; Sheridan Associates (513)761-5432. Cleveland; Schweber
Electronics (216)464-2970. Columbus; Hughes-Peters (614)294-5351. PENNSYLVANIA: Philadelphia; Aimo Electronics (215)676-6000.
TEXAS: Dallas; Solid State Electronics (214)352-2601. Houston; Hamilton/Avnet Electronics (713)526-4661. UTAH: Salt Lake City;
Cramer Electronics (801)487-4131. WASHINGTON, D.C.: Cramer/EW (301)948-0110. Milgray/Washington (301)864-1111. WASHING-
TON: Seattle; Liberty Electronics/NW (206)763-8200. Almac/Stroum* (206)763- 2300 CANADA: Montreal; Cesco Electronics, Ltd.
(514)735-5511. Toronto; Cesco Electronics, Ltd. (416)661-0220. *Tantalum Capacitors only.
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Fresh off the shelf. Ribbon cable from Hughes.

188}

It could be as good an idea as penny candy: and have color-coded PVC insulation. You can get
getting your ribbon cable from the same people who 22t0 28 AWG.
crack your tough flat conductor-cable problems. Of course, all our cable comes with Hughes
We offer it by the foot, or as you like it. We not quality built-in. And we handle your order with the
only make it, but we cheerfully cut it, strip it and helpful attitude of one of the most competitive
terminate it for you. companies in the cable business.

So write us soon. Hughes Connecting Devices,
500 Superior Ave., Newport Beach, Ca. 92663.
Orcall (714) 548-0671.
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Our new ribbon cable comes in widths
from two to 100 conductors. The con- =
ductors are round (solid or stranded),
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HUGHES AIRCRAFT COMPANY
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Tk R g CONNECTING DEVICES

We crack the tough ones.
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Microprocessors are showing promise in test equipment,
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CURPUTER ™71,

Big, small and tiny,

Is the era of the general-purpose supercom-
puter at an end? Will it be replaced by new
generations of midis, minis and microprocessors
now on the market or on the drawing boards?
The answer depends on whom you talk to.

There is general agreement that in many ap-
plications it’s a lot more efficient and economical

to decentralize the computing workload—dis-
tributed computing—particularly in industrial
process control and communications networks.
On the other hand, a supercomputer designer,
James Thornton (see p. 100), sees a growing
role for the big machines. For many applications
in the aerospace, scientific and Government fields,
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computers advance

he says, the small computer just won’t hack it.
“How else, for example, can aerodynamicists
simulate a giant swept-back aircraft wing, ex-
cept by a gigantic computer,” Thornton notes.
Nevertheless most of the talk in the computer
industry these days is about the small-to-medium-
sized machines. The still new, but promising,

“computer-on-a-chip (or chips)” microprocessor
still has a way to go to live up to its potential
as a major circuit element. Although microproc-
essors are now found in data-entry and point-of-
sale terminals, electronic scales, specialized medi-
cal instruments and a number of other applica-
tions, they still have not been designed into in-
dustrial process-control and test and measuring
instruments to any appreciable degree.

And despite their lower cost and size, micro-
processors are not expected to make significant
inroads into traditional minicomputer territory
for some time. The microprocessor is no match
yvet for the mini in speed, word length, memory
capacity, number of instructions and computing
power.

But the explosive growth of the minicom-
puter in recent years has not been without its
problems. A major area of concern has been the
high cost of preparing, debugging and executing
the application programs—an expense that may
cost 10 times the original investment in hard-
ware. The minicomputer industry is attempting
to cut these costs by providing system software
that requires less programming time.

Peripherals also are being affected by a sig-
nificant development—the combining of the in-
telligent terminal, and its built-in memory and
processing capability, with floppy disecs. The
dises can provide up to 5 million bits of random-
access at relatively low cost.

And yet another area that is beginning to at-
tract attention is the storing, processing and
retrieval of data with optical techniques.

For a fast look at what’s available in com-
puters and what’s to come turn the pages of
this special section.
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Today's computers handle many jobs concurrently, from
batch input to graphics, as this IBM setup shows,
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CURIPUTER "L,

Decentralized networks
allowing the computer
to be moved to the job

Seymour T. Levine, Associate Editor

The 19708 may mark the end of a dinosaur:
the super-sized central computer. Low-cost, high-
performance minicomputers—and their LSI
counterpart, the microprocessor—make it eco-
nomical to decentralize the computing workload.

Moreover present experiments with medium-
sized computers point to the possibility that their
work may be subdivided, too.

With few exceptions, the more ambitious com-
puter designs of the 60s attempted to construct
one remote general-purpose machine for use with
all problems. Today computation is more person-
alized. The topology of the network is geared to
individual jobs. Minicomputers and microcom-
puters are placed where the work is.

Job helps define architecture

With the subdivide-and-conquer approach, each
processor performs a clearly defined job, com-
municates with its neighbor processors, as need-
ed, and perhaps also responds to commands from
a higher-ranking, or host, machine. In this way
the software breaks down to a manageable level,
programming time and costs are slashed, and
data are available where needed. The relatively
low cost of today’s minicomputers—typically
$2000 to $4000—makes it economical to operate
them at less than 90% of their capacity while
still achieving a targeted operational economy.

The leader in this trend is not the hardware
systems designer but the sophisticated end user.
He either sets up and programs the particular
network or frequently hires a software consult-
ing firm to set, configure and program his sys-
tem. The computer manufacturer supplies the
ancilliary electronics that bind the system into
a manageable unit.
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Rows of carburetor-flow test stands are individual-
ly controlled by SPC-16 minicomputers from Gen-
eral Automation. Groups of 31 stands report to an
IBM System/7 supervisory computer, which, in
turn, acts as a data concentrator for a 370/145.
This hierarchical computer organization operates
at the Rochester Products Div. of General Motors.

For example, data-communications systems
often use ring or network configurations. The
minis ‘at each node route the messages through
the links according to the appropriate algorithm,
which maximizes throughput. The communica-
tion shares resources from several sites—like
time-sharing. And the organization becomes
leveled—that is, each element is equally impor-
tant.

Factory control systems inevitably use a

_hierarchial configuration, where each mini is as-

signed specific tasks but reports key results to a
central, or control, computer one level above. The
resulting configuration closely resembles a line
organization chart.

Networks with one host computer and a vroup
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of terminals often take on a star structure, in
which data radiate outward or inward toward the
host. If communication becomes necessary be-
tween terminals, the host acts as a central mes-
sage switch to pass the data between them. This
configuration makes the network simple to con-
trol, because all data flow in and out of a single
node. However, failure of the one node stops the
entire system.

As a low-cost alternative, the ring, or loop,
system is often used when buffered terminals
and more than one host are in close proximity.
Data are passed between any pair of interfaces
on a multiplexed basis. Control passes in succes-
sion to each interface, which, if it has a message,
addresses a given destination. The need for prox-
imity occurs because the loop (actually a data
bus) must handle the peak data rate for the en-

The finished product tests other System/7's at
IBM before shipment. The System/7 under test
(left) is linked to the computer that monitors
memory operation, control functions and data flow.
Test data are printed out on a console (right,
background) and relayed to a central System/360.
A single System/7 can test up to four processors.

tire system without degradation.

Computer communication networks are ex-
panding in two major directions—network con-
trol and distribution of information—according
to Jack Branch, president of Incotel, Ltd., New
York City, a software consulting house. The first
use involves message switching, line switching
and circuit (data) concentration. The second
shows more imagination, since the network is
used in conjunction with host computers to per-
form inquiry/response, data entry, information
retrieval and related functions.

One example of a geographically distributed
_system designed by Incotel uses a network of
three PDP-11 minis to support nationwide ter-
minal-to-terminal communications, inquiry-re-
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sponse and bulk-data transmission. Message
tables in the minis route the incoming data to
the intended destination. If a data link fails,
the operator can inform the mini to route the
request to an alternate computer. The latter
reacts as if the message arrived from a terminal
attached directly to it.

The over-all traffic load determines the number
of computers and the links between them. As
more message centers are needed, more minis
are placed, and links are established to balance
or prevent blockage at the nodes.

Arpanet, a more elaborate switching system,
was placed in operation in 1969, and has grown
from four cities to 34. The minis form the nodes
of this topological network. They break up data
into 1000-bit packets at the sending site, route
each packet over a separate link, then reassemble
all at the receiving site. Hosts of all sizes inter-
face via the minis, which are called IMPs (for
interface message processors). -

In the GE Mark III Information Services Net-
work, remote concentrators feed central concen-
trators, which in turn connect to large com-
puter systems. The network, composed of more
than 100 interconnected communication and data-
processing computers, serves over 360 cities in
the world.

The Tymshare, Inc., network, called TYMNET,
uses 120 communications minis, which access at
least 35 host computers. The topology resembles
a multiple ring. A user calling into a particular
node is assigned a route through the network to
an appropriate CPU.

The Collins C-System is both a computer com-
munications system and part of a dispersed com-
puting facility. The inner loop forms a data-ring
topology that operates at 32 Mbit/s and provides
16 channels, each with a capacity of 2 Mbit/s.
Front ends to the hosts mimic standard terminal
controllers and little modification to host soft-
ware is made. The facility interconnects high-
speed peripherals, such as tapes and discs, to
multiple hosts. Slower outer loops join unit-
record devices, character-oriented terminals and
so on to the main data path.

Real-time control achieved in factories

The automation of a factory with a single large
computer invites disaster. If the computer fails,
the entire factory halts—as with any single-node
system.

The more logical approach is to automate the
job a piece at a time, then interconnect the pieces
to complete the job. In the resulting system, indi-
vidual minicomputers perform such dedicated
tasks as control of 240 aluminum reduction cells,
or control of a single paper machine that con-
verts pulp to finished rolls. Analysis functions
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TOPOLOGICAL NETWORK
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DATA /CONTROL

Configurations often seen in practical computer
networks include the topological network, ring,
hierarchy and star. The topological network
handles distributed data communications, and the
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TERMINALS STAR

hierarchy is used for factory control. The star pre-
dominates when satellites are controlled by a single
host, the ring when more than one host and buf-
fered devices are in close proximity.

are split off from data collection and summary
operations. The user must provide some form of
data-transmission path between the ‘‘worker”
computers and the hosts.

: The operation of the lower-level computers is
oriented towards real-time control. As noted by
Terry McMullen, manager of manufacturing
automation systems marketing at Texas Instru-
ments, programs at this level consist of brief
re-entrant tasks or modules that are scheduled
on a priority basis by a software monitor. A
real-time clock periodically (about every 100 ms)
initiates the scheduler, which, in turn, passes
control (allocates the CPU) to active tasks on
priority basis.

Command and control with the host has rela-
tively low priority and is the function of a brief
telecommunications package. The host interrupts
the worker machine to activate the module, but
the worker machine schedules the communication
at its own convenience. Of equally low priority
are summary transmissions from worker to host.
These low priorities ensure that the worker com-
puter remains alert to the real-time process under
its jurisdiction. Excessive machine-to-machine
communications could cause serious lags in re-
action to time-critical events. The data rates be-
tween host and workers is fairly low—200 to
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1000 baud—when compared with the tens of
kilobauds for data-communication work. As a
result, asynchronous telephone-line communica-
tion techniques are the most common medium.
Yet the over-all system handles thousands of bits
a second from an aggregate of hundreds of input
lines.

Managing large hosts

The simplest network relieves a large host of
such functions as combining characters into
blocks, acknowledging transmission of each char-
acter and checking for error. A minicomputer,
often referred to as a front end, takes over these
functions while delivering complete blocks of
data to the host. The host, in turn, sees the mini
as a standard peripheral. The user applies the
manufacturer’s software without need for costly
investment in terminal support programs.

This interface between small and large ma-
chines is almost universal in the world of dis-
tributed computation. For example, the ARPA
network appears to the large hosts as a data file.

Computerized graphic systems also make use
of the front-end interface. Applicon of Burling-
ton, Mass., provides a system for PC network lay-
outs. A mini performs software editing and dis-
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play from digitizer to CRT terminal. The host
performs the large-scale computation ‘algorithm
that provides routing and interconnects. The mini
appears to the host as a standard remote job-
entry terminal, and the applications programs
can be written in Fortran.

The hierarchy can be extended a step further,
explains Richard Diephius, a senior designer at
Applicon. Microcomputers can relieve the mini
by picking up coordinates and tracking the input
pen with the CRT beam.

Extensive hardware support provided

An ample abundance of practical hardware
and software exists for those who want to take
advantage of distributed computing.

Users of maxis and midis can exploit the
architecture of computers like Control Data’s
Cyber 70 series or the Xerox 550 and 560 com-
puters. These have an internal hierarchial sys-
tem that allows the addition of processing capa-
bility in semiautonomous modular groups.

The major subdivision of tasks in these ma-
chines is between peripheral processors and a
central processor or processors. The peripheral
processors (PPUs) control, direct and dissemi-
nate I/0 data between central memory or ex-
tended storage on an as-needed basis with the
70-series. These small processors operate inde-
pendently of the central processor. Both types
share central storage on separate data paths.

With the Cyber series, the CPU with its 60-bit
word length, executes programs, does high speed
computations and performs time-critical opera-
tions. But the operating system is controlled by
a monitor program in a peripheral processor.
System software coordinates the units.

The subdivision of labor is more straightfor-
ward with the Xerox 550 and 560—both 32-bit
midicomputers. And the tasks performed by each
component are more specialized.

The Xerox CPU is subdivided into a system
control processor and basic processor. The sys-
tem processor is a centralized interface that con-
trols the operation of the basic processor and
all I/0 processors; the basic processor contains
the arithmetic and logic unit.

The I/0 processors are connected in groups to
individual memory blocks, but they can share
memory with other processor groups. Also, the
system processor can control a direct interface
to the basic processor. The direct interface
equips the 550 and 560 for data-acquisition and
control operations.

Multiplexed I/0 processors handle unit-record
equipment and magnetic tapes. Rotating memory
processors handle disc data and perform such
procedures as error correction, angular position
sensing and automatic seeks for alternate tracks.
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The Collins C-System uses a localized high-speed
ring to join hosts and storage devices. Low-speed
loops drive terminals and input devices. The sys-
tem shown provides a statewide lowa police net-
work, with access to more than seven million traf-
fic records and 250,000 criminal records on file
in a System /370 complex at Des Moines.

Data-communication hardware for minis in-
cludes plug-in PC boards that handle up to eight
asynchronous channels, each with rates to 19,200
baud—the Digital Computer Controls Model
116431. Digital Equipment’s DH 11 interface
handles 16 asynchronous channels at rates to
9600 baud each. A single PDP-11 computer ac-
commodates up to 16 DH 11’s (256 lines). Syn-
chronous adapters include Data General’s 4073,
which handles four synchronous lines at up to
2400 baud each. A single Nova mini accommo-
dates 16 units.

The software for data communications per-
forms the following functions:

s Performs error checks.

= Acknowledges the message.

= Formats the message for use by the re-
questing program.

= Routes the message to the requesting pro-
gram.

A hierarchy for factory automation and test-
ing that operates via telecommunications is
IBM’s System/7 which can test other System/7’s
before shipment to customers. The latest Sys-
tem/7’s, available since last December, handle up
to 384 analog sensors and can communicate with
the System/370 at speeds to 50-k bit/s in binary
synchronous format.

As the processing tempo increases—for
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Four interactive graphics terminals, each linked to
its own minicomputer, help design electronic cir-
cuits with Applicon’s system, The host, also a mini,
provides additional support for this star configura-
tion and can act as a front-end to an IBM 360,
which calculates the PC art-work routings.

example, with nuclear power-plant control or air-
craft flight-simulator control—character-by-
character communication gives way to memory-
to-memory transfers. For example, Data
General’s 4038 multiprocessor communications
adapter (MCA) allows up to 15 Nova minis to
communicate with one another at rates to 140-k
words/s. Elystee’s MCI-10 offers the same
capability with a 1-MHz rate. Also, the allowable
computer-to-computer distance is increased from
50 feet to 250 feet.

Interdata of Oceanport, N.J., plans to intro-
duce a shared memory system similar to that
used in Xerox’s 550 and 560 computers. Each
machine addresses a portion of shared core as-
signed to it as if it were an extension of its own
address. Other machines can read from the as-
signed portion but cannot write into it. A mes-
sage area allows the machines to check if others
have left data from them to pick up. For more
rapid response, the machines nudge each other
through external interrupts. The ability of the
32-bit Model 7/32 to address a million words of
memory directly allows the compiler to insert
the shared references in a straightforward way
—through the definition of a multiprocessor or
global COMMON statement.

Digital Equipment’s bus window, the DA-11F,
performs a similar function, but between two
processors. Computer 1 requests access to a block
of memory data from Computer 2. When Com-
puter 2 acknowledges the request, the first com-
puter can treat an 8-k-bit module as an extension
of its own memory. Computer 2 can also access
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a block in Computer 1 in a similar fashion.

With low memory costs, today’s minis do not
suffer from a lack of high-level languages and
operating systems. And a number of features in
these systems lend considerable support to dis-
persed computing.

Communications capability often accompanied
by time-sharing and multi-tasking (CPU time
multiplexed among small jobs that run independ-
ently) are harbingers of distributed intelligence.
For example, the MAX III operating system
performs real-time and time-sharing operations
on Modular Computer Systems MODCOMP II
and MODCOMP IV computers.

The MAX III system shares time between as
many as 256 program segments (called tasks).
Through an extension of the time-sharing capa-
bility, a satellite computer attached to the host
can perform a job normally assigned to the host.
In fact, the satellite has access to all the main
peripheral equipment attached to the host.

In a related development, this time in the in-
telligent-terminal market, Linolex of North Bil-
lerica, Mass., has introduced a terminal that can
broadcast a program from one terminal to
another for execution. The system lets the user
generate the program in an interactive mode,
then transmit the result by telephone to any re-
mote site.

Experiments unlock new potential

Maxis are still best for processing the large
volumes of data found in astronomical, seismic
and weather-forecasting calculations. Also, soft-
ware support for high-level languages tends to
be better with large-scale machines than with
minicomputers.

Yet, less than a year ago, use of large cen-
tralized data bases was also cited as a reason for
use of the maxis. Since then, minis have been
mated to IBM 3330 disc drives that store 1.6
billion bytes. A controller called the Computrol-
ler, manufactured by Diva of Eatontown, N.J.,
performs the feat.

Experiments conducted by David J. Farber,
associate professor of the University of Cali-
fornia, Irvine, could ease the general-purpose
maxi out of small-to-medium data-processing
jobs. At Irvine, a network of four minis (three
Lockheed Sue’s and a Varian 620i), joined in a
ring configuration, divide program tasks in ac-
cordance with the capacity available at each
machine. The goals of the experiment are two-
fold :

® To create a network in which one machine
can request services of another machine, such
as a file, printer or card reader.

®m To create a larger distributed machine that
can link microprocessors—say, in a typewriter—
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A very modern midi, the Xerox 560, makes use of
an hierarchical architecture. Input-output and
arithmetic processors have distinct functions but
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are controlled by a single system control proc-
essor. Each processor can share memory with
other clusters when needed.

with the file-handling and processing capability
of minis.

An interface between each machine and the
ring stores the names of programs and files for
the machine. The programs send messages
around the 2.3-Mbit/s ring and receive answers
from machines that can perform the task. The
sender need not know which mini has the pro-
gram. The data are processed between the pro-
grams themselves. No one machine is the exclu-
sive controller.

Programs can move from one computer to
another to balance the load. As a program runs,
a periodic request for a bid to do the job is sent
around the ring. Each machine in the ring has
an algorithm that it uses to price the bid. The
lowest available bidder “wins” the job. The sys-
tem has been in operation at Irvine for seven
months. Future research will center on im-
provement of the present simple cost algorithm,
to gain a good general sharing of resources.

While minis seem to dominate the distributed
computer scene, the midis and general-purpose
maxis are striving for their debut. Control Data
Corp. is impressed enough with its Cyber 70
series to supersede them with the Cyber-170, an-
nounced this month. The new series continues
the distributed architecture present in the Cyber-
70 series, with an upgrade to bipolar and MOS
LSI circuitry. The machines, which feature in-
creased speed and reduced size, are designed to
operate in a computer network.

One of the projects at Bolt Beranek & New-
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man Inc., the consulting and R&D firm in Cam-
bridge, Mass. is on distributed computing. Dr.
William R. Sutherland explains that the project
group is looking into how the 10 computers on
the ARPA network—which support the Tenex
operating system, developed by BBN—can oper-
ate as a single, unified system. One difference be-
tween this work and the Irvine experiments is
that Tenex runs on a midi, the PDP-10.

Another concept in the beginning stages, but
in operation, is- a distributed data base. This
extension to the time-sharing ability to append
files works as follows: Say, file F00 is at Stan-
ford Research Institute in California and file
TEXT is at BBN. The command APPEND F00
TO TEXT causes one file to move across the
country to join the other on its disc. And the
new file can be made to reside at a third loca-
tion.

In an unusual demonstration of load leveling,
a different program runs for a while, stops, then
picks itself up and migrates over the network to
another machine, then executes there for a time.
For the demonstration, a user prods the pro-
gram to move on, but in the future, the programs
could migrate automatically when they sense
that the machine they are running on is heavily
loaded. The migration, of course, would be to
a more lightly loaded machine.

Dr. Sutherland cautions that these exotic capa-
bilities are now still in the research stage, but he
expects that their enormous commercial potential
will make them tomorrow’s reality. mm
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DIVA'S COMPUTROLLER ., PDPII, AND

3330 TYPE- DISC
DRIVE= UNITE-.

AN INCREDIBLE-
MARRIAGE_.

An Episode in the True Chronicle
of the DIVAS, Proudest Peripheral
Family in the Computernorld.

V

The computerworld stares in awe at the incredible
wedding scene which has unfolded before them. The
bride is minicomputer PDP 11, offspring of the
illustrious maxi-computer clan, begat of Abacus.
The bridegroom is DIVA COMPUTROLLER,
scion of this proud, most respected peripheral family.
Officiating at the ceremony 1s Duke DIV A Disc
Drive, direct descendant of IBM compatible 3330
type disc drives.

6D
Duke DIV A

Disc D: .
isc rwe ‘B‘

Realizing the great impact this interfacing will have on
the computerworld, our happy guests monitor the
wedding with joyous solemnity.

“Mated,”” Interdata 70 whirrs, “‘PDP 11 will have
access to 100 million bytes of data on a single spindle
or 200 million bytes on a dual spindle disc drive unit
within an average access time of 32 msecs.”’

“And with COMPUTROLLER providing a buffering
sector, data will be transferable at the rate of 645, 000
bytes/sec,”” marvels Nova II. )

’

““And keep in mind,’
TI 980A, “‘that with
COMPUTROLLER
controlling eight drives,
mini will have access to 1.6 f}
billion 8-bit bytes of /
data!!” e J

But, hush! Listen to Duke

DIVA repeating those ,
always-inspiring words: g\% -
“With the data stored in AR :‘

TR
me, and with provided L@)

interrupts a breathless =
¥

s
interconnecting cables and ¢,
distribution panel, I now :} “\
pronounce you linked in ‘:‘4.
holy matrimony.”’ Ra

Resounding cheers befitting! .| S
the occasion arise from the —
crowd. ‘A toast! A toast!
A toast!”’ they roar. As is
the custom, the proud
parents, mini processor and
DIV A controller, propose
the toast to the dazzling
couple: “To the most
splendid and significant
union in all our memories.”’

INFORMATION RETRIEVAL NUMBER 40

72

% Mini PDP 11
“Vive, DIVA! Vive, DIVA! Vive, DIVA!" Everyone

unwinds.

But even as we listen to the clink of ceremonial glasses
and the exuberant laughter, we sense an underlying
sadness. Those unchosen minis — do they count for
nothing now? Will they not be able to enter the world
of high speed data storage/access and low cost/bit
performance? And why — throughout this entire
festlvxty — has COMPUTROLLER remained hidden
. under his purple robe? Is there more to
COMPUTROLLER than meets the eye? Be
sure to join us for the next episode in the True

Chronicle of the DIVAS
when we will hear the
horrendous accusation :

“Bigamy! BIGAMIST!”

In the meantime, learn
COMPUTROLLER'S in-
side story. Find out about
the free implementation and
training courses, the software
packages, and warranties that
go with each disc system.

All you PDP 11 users call
George Roessler at 201 -
544-9000 for cost and
delivery information,

Or write: DIVA, Inc.

607 Industrial Way West
Eatontown, N.J. 07724
TWX 710-722-6645.

REGIONAL SALES
OFFICES:

CT: 203-526-3222

CA: 415-349-3482

Wash. DC: 703-370-5211.

GSA CONTRACT NO.
GSS-0O0C-00159.
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THE
MICRO-
PROCESSORS
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THE CHIPS

Microprocessors for do-it-your-

selfers. From National Semiconductor.

On distributors’ shelves now.

Our chips are two P-MOS/LSI
circuits that can be slapped together
like building blocks to yield computer
systems ranging from simple 4-bit
processors for control functions to a
powerful 32-bit system that handles
complex calculations.

National’s building blocks are the
Register and Arithmetic Logic Unit
(RALU) and Control and Read-Only

Memory (CROM). Together they con-

tain all the gates and flops you used
to have to wire together to build your
OWN Processor.

The thing that
does the work.

RALU.

A 4-bit slice of the Register and
Arithmetic portion of a general pur-
pose computer.

In one 24-pin package using
standard +5V and —12V supplies

we've crammed all of the following:
seven general-purpose registers, a
status flag register, an arithmetic
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logic unit, an I/O multiplexer, and a
16-word LIFO stack that improves
speed and performance while con-
serving main memory. The RALU
number is IMP-00H/520D.

The thing that
tells the other things
what work to do.

. The only trouble with RALUs is
that they don't understand English.
Or even the zeros and ones that you
feed into the microprocessor.

CROMs do understand zeros
and ones.

They’re souped-up ROMs that
translate your binary instructions in-
to operational commands. A single
instruction to the CROM triggers a
series of commands to the RALUs.

CROMs are currently available
in three varieties:

A standard-instruction 16-bit
CROM,IMP-16A/521D, with 43 in-
structions.

An extended-instruction 16-bit
CROM, IMP-16A/522D, that speeds
up processing with 17 additional
powerful instructions including di-
vide, multiply, double precision add/
subtract, etc.

And an 8-bit CROM, IMP-8A/
520D with 38 instructions.

You can buy the RALUs and
CROMs in these set numbers: IMP-
16A/500D: 16-hit standard set; IMP-
16A/502D: 16-bit extended set; IMP-
8A/500D: 8-bit standard set.

ELECTRONIC DESIGN 9, April 26, 1974



For people who want to save time,
National offers its “ready-mades’’

Complete, fully-debugged 8 and
16-bit microprocessors on 82 by 11
inch p.c. cards ready for your appli-
cation program.

The IMP-16C is a 16-bit micro-

processor built around four RALUs
and one or two CROMs.

The one-CROM version has a
standard-instruction-set CROM and

et

N T

iniiiidiidididdidaaadaadai

an empty socket for another (IMP-
16C/200). Add the extended instruc-

tion-set CROM and you've got the
IMP-16C/300.

The IMP-16L/300 card is similar
to the 16C/300, but we optimized it
for high performance applications
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THE CARDS

1962 _————————————_—_—————
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with a Direct Memory Access bus
controller and multi-level interrupts.

IMP-8C, 8-bit microprocessor.

Small, but oh my!

A flexible, low-cost, self-contain-
ed processor and controller contain-
ing two RALUs, an IMP-8A/520
CROM, and provisions for the addi-
tion of a second CROM to expand the
instruction set.

If 8-bits is your thing, you’ll find
. some things here to
g s turn you on: 8 ad-
: dressable control
flags — control jump
multiplexer provides
16 programmable
branch conditions.
Eight-bit buffered-
data-out bus. Mem-
ory addresses 16 bits
wide to provide a
memory address
range of 65,536 bytes.
On-card memory ex-
pandable to. 2304
bytes, consisting of
256 bytes of read/
write memory and up to 2048 bytes
of read-only memory (ROM/pROM).

But whether you go for 8-bit or
16-bit, cards or chips, the question is,
what are you going to do with them
once you’'ve got ‘em?

Please turn the page.
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The advantages of the whole
microprocessor thing lies in the fact
that it is standard hardware designed
and built for you to program to your
specific application.

Our boxes help you do that.

They’re program debugging and

prototyping systems, providing every-

thing you need to develop and test
both the interfaces and application
programs.

Each box includes a micropro-

cessor card, programmers control
panel, peripheral interfaces, memory,
power supply and chassis.

Box #1

The IMP-16P.
A microcomputer for use with

the IMP-16C microprocessor cards.
With a Teletype, the IMP-16P pro-

vides all equipment necessary for the
immediate evaluation and use of the
IMP-16C (both 200 and 300) cards

and chips.

76

" | extended

THE BOXES

Box #2

The IMP-16L.

A prototyping system for the
IMP-16L/300 card. (And if you're
starting to get confused by all the
different numbers, the chart on this
page should help unconfuse you.)

The basic IMP-16L and options
provide an unusually versatile tool
for developing a variety of OEM
equipment, software, and full-scale
processing systems.

Box #3

The IMP-8P.

For 8-bit fans this is the proto-
typing tool for the IMP-8C card. Like
the others, IMP-8P puts all you need
for hardware and software develop-
ment all in one box.

# of -
RALUs Cards: Boxes:

CROM Types:

standard

16-bit IMP-16A/521D 4 IMP-16C/200 | IMP-16P/204

IMP-16A/521D

16bit | IMP-BA/522D 4 | IMP-16C/300

IMP-16P/304

extended ¢
16-bit IMP-16A/521D

with DMA| IMP-16A/522D 1 IMP-16L/300

IMP-16L/304

8-bit IMP-8A/520D 2 IMP-8C/200 IMP-8P/208

So that’s our basic hardware.
Our boxes, our cards, and our chips.
But we’re not quite through yet...
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National wouldn’t leave you out
on a limb. We support our hardware
with software, firmware, and access-
ories that help make the whole thing
easier to apply.

The assemblers.

What we have here is a commun-
ications problem.

RALUs don’t understand what
binary instructions are talking about
(so we have CROMs to act as inter-
preter). And CROMs don’t under-
stand what human beings are talk-
ing about.

What's needed in the latter case
is an assembler, which is a computer
program that automatically converts
English to binary language (some-
thing CROMs can understand). You
just feed the program language
and the assembler program into the
computer and out pops the computer
language.

We offer three kinds of assem-
blers, in both 8 and 16-bit versions. A
self-assembler that needs no “outside”
computer if you have one of our proto-
typing systems...a cross-assembler
for use on your in-house IBM 360/
370 computer... and a cross-assem-
bler for use on a timesharing utility.

We offer a strong software sup-
port package. Things that help you
write the program you need, and
check it out. Application, interfacing
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THE WORKS

and programming manuals...exten-
sive diagnostic programs for hard-
ware testing...loader programs...soft-

ware debug routines...utility routines,
etc. :
And there’s also a passel of sup-
port hardware such as card cages,
memory cards, extender cards, proto-
typing cards, peripherals, plus train-
ing courses to make you an expert
in a hurry.

In other words...the works.

For further information use the
coupon or call us at (408) 732-5000.

R S R L R T e O e e 7
I NATIONAL SEMICONDUCTOR
I 2900 Semiconductor Drive, Santa Clara, California 95051 I
| Please send me the following literature:

[ 16-bit Microprocessor Product Descriptions

[J 8-bit Microprocessor Product Descriptions

[J GPC/P Microprocessor Chip Product Data Sheets |

O National Training Courses |

[ Have a salesman call. |
| Name
|

Title

Company
} Address |

City

State Zip

Phone l
s L TR o N 23 4
See us at Booth #753 National Computer Conference in Chicago.
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CURIFUTER "L,

Take-your-pick software
is making the mini mighty,
but watch out-it costs

Jim McDermott, Eastern Editor

A “smorgasbord” of operating software and
application systems developed by both manufac-
turers and users is giving today’s minicomputers
power usually associated with the larger com-
puters. But with the advances have come prob-
lems.

The operating software—a collection of inter-
related programs that tell the individual com-
puter elements how to interact—provides the in-
telligence for the machines so they can perform
tasks. These tasks, defined by software applica-

tion systems, range from the monitoring of a
simple industrial process to real-time, multiple-
user, foreground-background operation.

But one problem is the high cost of preparing,
debugging and executing the application pro-
grams. This cost has widely outstripped that of
the minicomputer mainframe. The software for
a typical system may cost 10 times the original
investment in hardware, according to Philip
Stein, minicomputer consultant at the National
Bureau of Standards, Washington, D.C.

Michael A. Ford, vice president of General
Automation, Inc., Anaheim, Calif., agrees.

Software—the programs and routines that run a
computer—are stored on media like paper and

magnetic tape. Magnetic discs, cartridges and
cassettes plus punched cards are also used.
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“A month of programming,” Ford says, “can
cost as much as a minicomputer. And you can
buy a whole computer system for the price of
one programmer’s services for a year. Moreover
salaries are rising, while the cost of computer
hardware is falling.”

Efforts under way to cut costs

There is a genuine effort in the minicomputer
industry to cut costs by providing system soft-
ware that requires less programming time. Evi-
dence of this is the growing quantity of both
off-line and real-time software with higher-level
languages like Fortran and Basic, which are
easier to use than the machine-oriented assembly-
language programs. While hardware costs are
higher for real-time, higher-level languages, be-
cause more memory is required, that expense can
be offset by reduced programming costs.

For example, Van Diehl, product manager for
the Hewlett-Packard Automatic Measurements
Div., Sunnyvale, Calif., points to many years of
controversy between the proponents of assembly
languages and those of higher-level languages.

“It’s still going on in some quarters,” he notes,
“because with assembly language you can de-
velop shorter and faster programs with a mini-
mum of memory. But with the price of 4-k of
core down to a few thousand dollars, it’s hardly
worth saving a couple thousand words of core
when, to do that, you have to spend three to six
man months more programming in assembly

language. For the cost of a highly sophisticated
programmer for this period, you can buy not
only the 4 k of core but another computer.”

Picking the best software for the job can be
very difficult. Software specs can mean different
things to the hardware-oriented designer and the
software salesman. Robert Oakley, product man-
ager of computer systems for Varian Data Ma-
chines, Irvine, Calif., says:

“There is a type of specmanship and there are
interpretations of terminology in the software
area that exceeds the exceptions and differences
in the terminology used for computer hardware.
For example, because one manufacturer says he
has a Fortran software compiler doesn’t mean
he has the same one as a competitor. There are
a number of different specifications for Fortran
compilers. And not investigating this can be
costly.

“A user may have a system which runs For-
tran, and he wants to upgrade to a newer system.
If he isn’t knowledgeable about the differences
in the various Fortrans offered, he could buy a
computer which he thinks meets his needs. But
he’d be in for a shock.”

For other high-level languages, like Basic,
RPG or Cobol, a number of nonstandard modifi-
cations can be a trap, Oakley points out.

How can the designer protect himself ? Andrew
Breslin, applications analyst for Computer Auto-
mation in Irvine, takes a pessimistic view.

“There is no way that someone who is not
familiar with software can protect himself from

Programs for computers can be written as a
binary code that the machine can directly ac-
cept and use. But generating programs in this
fashion is impractical because it is a very dif-
ficult and time-consuming task. Instead, coded
terminology of differing levels of complexity
have been devised for easier understanding and
manipulation.

The first improvement on binary coding is in
the form of machine instructions that are small
groups of letters and numbers, called assembly
language. These groups are decoded in the com-
puter by a software package called an assembler.
The output of the assembler—binary-coded ma-
chine instructions and addresses—is directly
usable by the machine.

To get the computer to do much of the routine
work involved with programming, higher-level
languages were devised. Instructions in these
languages are written in the form of state-
ments. Depending upon their complexity and
the machine task which they are to perform,
they are translated into machine code by com-
pilers or interpreters.

Software code generation and translatlon

ASSEMBLER
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an unscrupulous salesman,” Breslin says. “If you
decide he’s giving you a snow job, get rid of him.
If not, listen to him.”

R. Stockton Gaines, technical staff member
with the Institute of Defense Analysis, Prince-
ton, N.J., insists that the hardware designer, to
protect himself, should learn something about
programming. “It’s an effort to learn,” he points
out, “but once you have, you’re better off in many
situations than calling on someone else. And at
least you can communicate with vendors.”

Gabe d’Annunzio, marketing services manager

for Prime Computer, Natick, Mass., says that
the application of software to hardware can be
simplified by a new approach. “Instead of look-
ing at each element of software as an individual
item, with individual specifications and qualifica-
tions, put the software into the total system
concept,” he suggests. “Evaluate it on the basis
of total system performance.”

Software and hardware incompatibilities will
show up more easily under the system-analysis
concept, d’Annunzio insists.

“We suggest you look at software from two
viewpoints,” he says. “First, much system soft-
ware now offered is three or four years old in its
basic design. But it’s attempting to support new
minicomputers that, from a hardware standpoint,
are probably less than six months old. A princi-
pal problem here is, ‘Does the system software
even know that many advanced features exist in
the new machines they’re trying to run?”

Surprisingly in many cases, the software
" doesn’t, d’Annunzio notes.

A second major aspect for the mini system de-
signer to consider, d’Annunzio says, is whether
the computer manufacturer has built features
into the hardware to make it more résponsive to
the software. In many cases, he says, the answer
is no.

“Neglecting the system aspect of software—
the fact that it has to work with the hardware—
and looking at isolated software specifications
doesn’t tell a thing,” d’Annunzio warns. “For ex-
ample, if you look at the specs on a particular
Fortran compiler, you only determine whether it
produces a Fortran code or not. What you don’t
know is how it works with the rest of your
system.”

Some 99% of all minicomputer manufacturers
offer a Fortran compiler, d’Annunzio points out.
But significant differences exist between the com-
pilers, he says—not within the compiler but in
how the compiler makes use of computer
features.

For instance, some computers offer floating-
point arithmetic hardware. While Fortran com-
pilers are available for those systems, several
don’t generate code that will automatically use
that hardware.
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Low-cost software development systems, like this
980A system by Texas Instruments, support users
who do not need large, disc-based computers.

For industrial real-time minicomputer applications
the buyer not sophisticated in software should be
sure, says Van Diehl of Hewlett-Packard, that the
software elements of the outer circles are also
provided by the minicomputer vendor.

On the other hand, d’Annunzio says, if the
Fortran compiler can use floating-point hard-
ware, there is this basic question: How easily
can it do it?

For example, different mini vendors put the
floating-point hardware in different places in
the computer. Some treat the floating-point proc-
essor as a peripheral device and hang it on the
input-output bus of the computer. The vendor
will tell you what the floating-point add time is
—the time it takes to add inside that unit—not
the overhead time necessary to address the float-
ing-point processor as a peripheral device, bring
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the information in, put it in the memory and
then produce the results.

Some vendors, including Prime Computer,
treat the floating-point processor as a central
processor. It’s directly linked to the CPU, and
memory-reference instructions are used to access
the floating-point unit. Which means that you
can use direct addressing and call the instruc-
tions automatically from the Fortran compiler.

Another point that may be concealed by soft-
ware specsmanship is lack of file-structure com-
patibility. With various vendors offering large
memories and disc-operating systems, it’s now
possible to have the minicomputer process large
data files. And the larger machines can create
programs for smaller ones in their line.

But with some computers the file structure
used by the disc-operating system when it de-
velops a program is incompatible with the file
structure used when that program is run by a
real-time operating system. This means that the
files must be reformatted by a programmer, and
this takes time and money and adds the risk of
mistakes.

Some minicomputer manufacturers, following
IBM’s lead, provide a file structure that is com-
patible with all the software systems for the
company’s line of machines.

File compatibility reaps benefits

An advantage of such complete file compati-
bility, according to Richard Farwell, marketing
manager of software systems for Data General,
Southboro, Mass., is that programs can be de-
veloped by real-time, disc-operating systems for
later use in stand-alone operating systems or in
stand-alone, core-only, real-time operating sys-
tems.

“Our paper-tape formats, magnetic-tape for-
mats, cassette formats and disc formats are fully
compatible,” Farwell says, “As a result, a Data
General user can start with a small—perhaps a
stand-alone—system and do program develop-
ment. By extending the system with core or disc,
it can be expanded to a larger system without
reprogramming what’s previously been done.”

With some disc software operating systems,
the space on the disc is not allocated to individual
files. The customer must identify the file loca-
tions himself, at considerable programming time
and expense. In other systems the disc-base allo-
cation is provided automatically and referenced
by name as well.

The problems of compatibility have been of
considerable concern to Digital Equipment Corp.

“While it’s been difficult, if you’ve written a
user program to move from one system to an-
other in the PDP-11 line, we've taken positive
steps to remeve those difficulties,” says Peter van
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A powerful real-time multitasking operating sys-
tem, Vortex Il by Varian Data, provides foreground/
background processing capability, program over-
lays and simplified 1/0 operations. Rotating-memo-
ry file management is incorporated in the software.

’

Roekens, manager of PDP-11 medium and large
development.

“The problem has been software. But in the
operating systems coming out now there are com-
pdtible paths, so the users can move programs
from one system to another. We have several
systems that are now compatible. They require
only a relinking of programs to go from one to
another, van Roekens points out.

“Part of a new series of systems that are com-
ing out—some have been already released—have
both compatible user interfaces and compatible
file interfaces.”
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Inputs to this Lockheed System Ill language-proc-
essing subsystem are provided from source files
containing symbolic code of programs in RPG Il or
in assembly language. The subsystem operating
sequence for compilation or program execution be-
gins with disc, card or keyboard inputs.

Traditionally paper tape has been used with
minicomputer systems software. But loading the
tape into the computer has always been a time-
consuming job, frequently requiring days. And
if there is a mistake in the program, it’s neces-
sary to return to the beginning of the program
reel and do the program all over again.

As a result, many companies now offer disc
systems, which can be loaded in minutes. But
discs aren’t as safe as paper tape. There’s always
the possibility that the disc will “crash” either
through mechanical failure or sloppy program-
ming.

For example, the program may access a file
when it’s not supposed to be accessed. Some
vendors take the attitude that if the user makes
such a mistake, lottsa luck. Others provide sys-
tem software that makes checks. Some of this
software can help identify a file that has crashed
and also help reconstruct a destroyed file.

Questions to ask here are: What has the ven-
dor done to ensure the integrity of the file? What
will he do to bail you out once you’ve made a
mistake? Is it going to take a couple of days to
reconstruct the file from cards—or can you go in
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in-line and do the job?

There are several levels of minicomputer soft-
ware, and the level selected depends upon the
size of the machine and its task, notes Andrew
Breslin.

Usually, says Breslin, you can execute pro-
grams on most any machine—although that isn’t
always true—but it frequently takes a large-scale
minicomputer to compile the programs. For ex-
ample, a basic mini will have a small memory of
1 or 2 k—which is nowhere near enough to run
a Fortran compiler. However, the compiler’s out-
put—the compiler code—can be run on the small -
computer.

Not all systems will let you mix Fortran and
assembly languages, and that can be critical—
for example, in process control. It’s necessary to
distinguish between the ability to run and the
ability to run usefully. An assembler that can
just barely run in a 4-k memory may not be able
to assemble a large enough program to be useful.

And you want to make sure that the language
will be able to support the required peripheral
devices. “For example,” says Breslin, ‘“we have
a Fortran compiler that we sell which will run
on as little as 4 k. But it doesn’t support a line
printer or a card reader.”

The minimum of software needed for any job,
Breslin says, must include a language translator
that accepts a program statement written in
mnemonic code. For example, statements like
“HALT” or “LOAD A” might be used to instruct
a machine to load one of the registers. The
language translator converts these statements
into “object text.” Also required are software
loaders—programs that take object text and put
it into the machine in a form suitable for running
the machine.

Translators, Breslin says, come in a variety of
forms, particularly assemblers, compilers and
interpreters. Assemblers and compilers produce
code, or machine-language programs that are
executed on the computer in binary form. Inter-
preters—a Basic-language interpreter is a prime
example—produce an intermediate language that
is closer to machine language. And this inter-
mediate language is, in turn, interpreted by yet
another program called the “run-time” program.

Breslin points out that the compilers and as-
semblers—which produce ready-to-run code in
machine language—execute the program consid-
erably and with less memory than the interpre-
ters do. On the other hand, the interpreters pro-
vide a much easier alteration of the program
once it’s done.

For industrial-control applications, interpre-
ters are not generally used, Breslin notes. More
common, he says, is the assembly language,
which is a one-to-one representation of the ma-
chine language. The assembly languagz, he adds,
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calls for a higher level of programmer’s skill
than Fortran—a one-to-many conversion—does.
One Fortran statement produces many machine-
language statements and instruction. Fortran
and assembly language account for the vast ma-
jority of all minicomputer programming, Breslin
says.

Most people approach the development of mini-
computer software by first trying to determine
the language that the program will be written in,
says David Waks, vice president, Applied Data
Research, Princeton, N.J. But he continues, there
are at least two questions that must be answered
before the language step: How are you going to
get the system debugged and running? And what
kind of a computer are you going to use to get
the program working?

Choosing a computer language

The choice of language and the choice of sys-
tems approach is ultimately going to be governed
by how you get the system working. From there,
the choice of language follows. It’s a question
of what language or mixture of languages you're
going to fit into that operating environment.

Minicomputers today are all essentially the
same, Waks says. The prices, the features and
what you can do with them are comparable. “But
when I choose a machine for an application,” he
stresses, “I choose it on the basis of the degree
of software support I get from the manufacturer,
because it costs a fortune to develop the soft-
ware. Take a typical operating system. No manu-
facturer has an operating system out that has
cost him less than $200,000—probably closer to
a million—to build. No one has a working, field-
tested Fortran compiler that cost less than
$50,000 to $100,000.”

Many minicomputer manufacturers recommend

‘that a purchaser use the machine on which he’s
going to perform his system tasks to develop the
program as well. But in a real-time environment,
Waks feels, this is “the worst possible choice.

“The computer configuration typically chosen
to run in a real-time environment,” he says, “is
not optimized for program development. It’s
optimized for the application problem. To be opti-
mized for program development, it has to have
a disc; it almost necessarily has to have a line
printer, and it probably has a high-speed paper

~ tape.

“And it’s got to have a fair amount of core in
order to run the various computer utilities. Also,
it has to be big enough to support an operating
system that’s going to run the program genera-
tion systems—the macroassemblers, the Fortran
compilers, or whatever. For example, if you're
talking about a Nova computer, you're commit-
ted to a 24-k machine with a fairly large disc
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Minicomputer programs can be efficiently develop-
ed on large, time-shared systems. System flow for
Mimic, a software development system by Applied
Data Research, is shown above. The Mimic console
language enables simulation of a host of mini-
computers. Mimic runs on a DECsystem-10.

and line printer.

“You can size your mini to the application if
you're going to use some other machine for pro-
gram development. But if not, the machine must
be large enough for the latter task.”

To reduce the programming time required by
the higher-level languages, some larger minicom-
puter systems incorporate software that per-
forms what is termed “global optimization.”

The key to this system is a multipass compiler
that makes the code more efficient by recirculat-
ing the program elements several times through
the compiler. Many of the program revisions
routinely done by the programmer to optimize a
program are performed rapidly by the machine.

Data General uses global optimization in its
Nova systems.

“With global optimization,” says Farwell, “a
multipass compiler looks at the total program
as it is compiling it and resolves any common
references to variables and to pieces of code that
are common to multiple parts of the program.
If the same calculations are made in multiple
places in the program, the global compiler pulls
them out and only calculates them once.” um
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Pick & Choose

OEM Printer Mechanisms and Gomplete Teleprinter
I erminals from SINGER

i

You pick from our basic 30 cps
impact printer mechanisms in 80

or 132 column OEM configurations

and choose from many completely
packaged ASR, KSR and RO terminals
with interface. Or, if you need something
in-between we can supply that too; the
power supply, printer and communication
interfaces and/or logic sub-assemblies to
meet your exact requirements.

So whatever you need in OEM printer mechanisms
and terminals, it's available at Singer . . . Call,
write or circle the reader service number for our
new printer brochure today and see how Singer
can satisfy your printer requirements. International
Teleprinter Corporation, The Singer Co., 493
Washington Avenue, Carlstadt, New Jersey 07072
— (201) 438-1770 — TWX 710-989-0111.

SINGER

INTERNATIONAL TELEPRINTER CORP.
INFORMATION RETRIEVAL NUMBER 41 8




The digital world
isaCOS/MOS world.

-

RCA COS/MOS widens your istics of COS/MOS typically change
world of digital applications. It offers  |ess than 3.0% over the full military
a combination of features that can't temperature range. So you can place

be matched by other digital COS/MOS circuits just about any-

technologies. \ where without worrying about them
Features like ultra-low power  being overheated.

consumption...10 microwatts per And you get more system cost

gates! This permits high chip-packing  effectiveness in the broad selection
density, use of small power supplies,  of COS/MOS circuits: from simple

and a money-saving reduction in gates like the CD4011 Quad NAND
cooling requirements. to highly complex functions like the

So COS/MOS is ideal for CD4057 Arithmetic Logic Unit.
battery-operated equipment. No Let RCA, originator and the
longer do you need to be tied down world’s largest producer of the industry
by the powercord. standard CD4000 Series, introduce you

COS/MOS circuits work great - to the world of digital COS/MOS. We
from 3 to 15 volts. That means you believe you'll soon be convinced that

can use inexpensive power supplies  RCA COS/MOS is the best answer for
without fancy regulators.Youcanuse  your digital system designs.

long wires and simple low cost
P.C. boards without worrying
about signal attenuation.
COS/MOS noise immu-
nity is among the highest of any
technology (typically 45% of
supply voltage), making it suitable

for use in high noise environments including the latest COS/MOS
such as the automotive and industrial  Product Guide. Write: RCA Solid State,
control industries. Section57D26 Box 3200, Somerville,

The stable transfer character- N.J. 08876. Or phone: (201) 722-3200.

REGA

International RCA. Sunbury-on-Thames, U K . or Fuji Building, 7-4 Kasumigasaki, 3-Chome. Chiyoda-Ku, Tokyo, Japan In Canada. RCA Limited, Ste Anne de Bellevue 810, Canada

INFORMATION RETRIEVAL NUMBER 42
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EVEN THE BIGGIES HAVE TO BEAT THEIR OWN DRUM
SOMETIMES.

time we made some noise about ™
the fact that we’re one of the top three
manufacturers of modular regulated DC power
supplies. What does that mean to you? Plenty! ACDC
Electronics provides one of the most extensive lines of standard
power supplies in the industry...over 500 models ranging from
approximately 6 watts to over 500 watts. There are five series in
our series-pass power supply line. Of these, the most popular is the
OEM. Although they are known for their economy, these OEM power
supplies offer the same reliability you have come to expect from all ACDC
products. Our new high efficiency switching power supplies offer the latest
in technology. They’re smaller;, cooler, and more efficient than series-pass supplies
and operate quieter and more reliably than most other competitive models.
And, there’s even more for us to “boom” about. ACDC’s ability to tailor
a power supply to specific aptilications is virtually unlimited. Some typical §
units range from miniature 400 Hz airborne power supplies to 3000 amp power

systems for state-of-the-art computer complexes, incorporating such features
as auto-progression, margining, sequencing, transistor switching, phase control
and series regulation as well as special packaging configurations. Com-
plete information is contained in our new 1974 catalog.To get your personal
COpY, just write to us on your letter- head, or, if our short form catalog
is enough, just circle the reader service number. Like the broken

I g drum, you just can’t beat ACDC power supplies.

Name

Company Name

Address

Zip code

City State

acdc electronics inc

Oceanside Industrial Center Oceanside, CA 92054
; - (714) 757-1880 .

INFORMATION RETRIEVAL NUMBER 43
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COS/MOS

is Power Conscious

TYPICAL GATE DISSIPATION

Plagued by
expensive power
supplies and cooling
systems? Having a
rough time trying
to cram too many
system functions
into a mini-package?
Heat causing a
reliability problem?

“Yes” to any e
of these problems
means you have a
need for RCA COS/MOS IC’s.

COS/MOS power dissipation is
negligible at dc and increases linearly
with frequency. Since many logic
elements in a digital system are idle
much of the time, or switch at lower
rates than the maximum clock
frequency, a substantial net power
saving can be achieved with
COS/MOS in comparison with other
logic families whose dissipation
remains constant with
frequency.

For example, a
Digital Clock with
21 COS/MOS IC’s takes
only 6.3 milliwatts for :
the countdownfroma Z %
262 KHz crystal and the =
logic to drive an hours, mmutes and
seconds display. A comparable TTL

DISSIPATION («W)

104

V | system will consume
dEE e 600 milliwatts—a
difference of almost
100to 1in power
cost savings with
COS/MOS.

Power con-
scious? You bet it is.
But ultra-low power
consumption is not
the only great feature
you get.

L1 COS/MOS circuits
work from 3 to 15 volts, eliminating
expensive regulators.

[0 COS/MOS noise immunity is
among the highest of any technology
(typically 45% of supply voltage).

1 COS/MOS features stable transfer
characteristics—less than 3.0%
change over the full temperature
rarge ol =05 "G 1o 125°C.

It all adds up to ease of use and
cost-effective designs. Try it. You'll
be convinced that the
digital world is a
COS/MOS world.

Sendforyourguide
to the ever-growing
COS/MOS Product
& <= Family. Write: RCA Solid

@ < State, Section57D-26,
Box 3200 Somervnle N.J. 08876.

Or phone: (201) 722-3200, Ext. 2565.

RGNS

products that make products pay off

o 100 1o
INPUT FREQUENCY (Hz)

International: RCA, Sunbury-on-Thames, U.K./RCA, Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-ku, Tokyo, Japan/RCA, 103 Nanking E. Road, Sect. 2,

2nd Floor

Taipei, Taiwan. In Canada: RCA Limited, Ste. Anne de Bellevue 810, Canada

INFORMATION RETRIEVAL NUMBER 44

ELECTRONIC DESIGN 9, April 26, 1974

87




So take a closer look.

The MDS family of OEM
peripherals is growing,.

Newest are the 2021/2022 car-
tridge tape drives, first in the industry to
use 3M’s versatile data cartridge.

Almost as new are our auto-
loading, 125 ips vacuum-buffered rack
mount tape drives.

Plus the 2 to 8 million bit

Minicomputers,

“we've got you surrounded.

head-per-track disk drive.

They add even greater muscle
to Mohawk’s existing line-up of OEM
peripherals.

* Products such asa 300 or
600 lpm chain printer. A clean-picking
225 t0 600 cpm card reader. A multi-
tude of proven digital lister printers.

And slow speed, low-cost
paper tape readers and punches.

INFORMATION RETRIEVAL NUMBER 45

Phone us at (215) 337-1910
for more details, OEM pricing, or a
demonstration.

Or write OEM Marketing,
Mohawk Data Sciences Corp., 781
Third Ave., King of Prussia, Pa. 19406.

WS,

Mohawk Data Sciences
Quality OEM Products




COS/MOS
world

The

IS growing.

Announcing
21new 4000 types
fromRCA.

2-Input And-Or-Invert
Gate

Gates/Inverters MSi LSl

CD4066 Quad Bilateral Switch | CD4060 14-Stage CD4059 4-Decade
CD4071 Quad 2_|nput OR Gate ( ultiple Lutpu ) CD4061 256-Bit Static RAM
CD4072 Dual 4-Input OR Gate ggj?; gua'l SCD UB Counter | cD4062 200-Bit Shift Register
CD4075 Triple 3-Input OR Gate e
CD4081  Quad 2-nput AND | cpage3  4-Bit Magnitude

Gate Comparator
CD4082 Dual 4-Input AND Gate CD4514 440-16 Line Decoder
CD4073 Triple 3-Input AND (Outputs High)

Gate CD4515 4-to-16 Line Decoder
CD4068 8-Input NAND Gate (Outputs Low)
CD4078  8-Input NOR Gate CD4085 Dual 2-Wide 2-Input

And-Or-Invert Gate
CD4086 Expandable 4-Wide

Solid
State

International: RCA, Sunbury-on-Thames, U.K., or Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-Ku, Tokyo, Japan. In Canada: RCA Limifed, Ste. Anne de Bellevue 810, Canada
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CURIPUTER "L,

Microprocessors showing
promise in test equipment,
but haven't made it big yet

Stanley Runyon, Associate Editor

Though powerful, the microprocessor hasn’t
quite made it yet in test and measuring instru-
ments. Most microprocessors are currently find-
ing homes in commercial, OEM and computer-
oriented products—such as traffic-control systems,
blood analyzers, data-entry terminals, point-of-
sale terminals, check processors and automatic
typesetters. 5

Exactly what is it that has kept the micro-
processor—a glamour product if there ever was
one—from being more prolifically used in test in-
struments ? Several reasons.

For one, it’s relatively expensive. While the
CPU by itself may cost under $100, the hard-
ware cost can zoom when all the needed memory,
I/0 devices, clocks and other ICs are added.

For another, the microprocessor’s relatively
sluggish data cycle limits its use in all but low
and medium-speed applications.

Add to these limitations the minimal software
support now on hand, then top it off with a lack
of familiarization among designers used to hard-
wired logic. (And don’t forget that, up to now,
only two vendors offered them.)

Rethinking design habits

All of this points to a time delay, probably
two to three years, before the microprocessor
surfaces as a major circuit element—a time de-
lay during which prices must tumble, perform-
ance must rise and engineers must learn to de-
sign with software rather than hardware.

It’s true, however, that practically every major
instrument manufacturer has bought one. But
they’ve been purchased only for evaluation and
not for a specific instrument. Thus, at least for
most instrument vendors, the microprocessor is a

90

Process Control Systems’ general-purpose inter-
face, the Series 2000 (background), uses the
Intel 8080 as the heart of a micro-CPU module.

solution looking for a problem.

Right now, probably the only measuring in-
strument with an internal commercial micro-
processor is Boonton’s Model 76A Capacitance
Bridge.

In this automatic, programmable unit, an Intel
MCS-4 microprocessor controls the various front-
panel, display and I/0 functions, as well as digi-
tally controlling the bridge balance and comput-
ing the unknown -capacitance, conductance, Q
factor and dissipation (D).

On top of this, the 76 A automatically corrects
all predictable bridge errors, autoranges over
0 to 2000 pF and digitally displays the results.

Boonton’s solitude isn’t to suggest that the
microprocessor—that is, a general-purpose MOS
or bipolar LLSI CPU on a chip, surrounded by
ROMs, RAMs, I/0 devices or other ICs—isn’t
being applied. It is. But the viable products
merge into a trickle rather than a torrent.
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And even though it’s a sure bet that the next
few years will bring microcontrolled DVMs,
synthesizers, sweepers and other instruments, it’s
not so sure that the microcontroller or micro-
computer role will be played by a commercial
_ microprocessor.

One reason for this is that some potential cus-
tomers, big companies like Hewlett-Packard, have
opted to design their own hardware or firmware
to implement the concept of a microprogram-
mable processor. Or they are building what can
be termed a specialized microprocessor.

And, of course, the role of a built-in digital
controller, calculator, processor or data shuffler
can be, and is being, filled by ROMs, RAMs, PLAs
and random logic—all rivals to the commercial
microprocessor.

Examples are HP’s 3330 frequency synthesizer,
which has an internal digital processor, and the
Tektronix’ 7704A Digital Processing Oscilloscope,
a unit that can perform calculations on its input
signals.

And Computer Automation, a well-known mini-
computer vendor, offers a one-card mini with a
rather complex MOS/LSI PLA (which some
people mistakenly label a microprocessor).

Because of this functional rivalry, the defini-
tion of a microprocessor is often confused.
There’s little doubt that, more and more, the
word microprocessor will come to mean the
MOS/LSI—or bipolar—component and not the
microprogrammable processors currently being
implemented in MSI, SSI, and with .minicom-
puters or even large-scale computers.

It should be noted that some commercial micro-
processors—such as National Semiconductor’s
GPC/P and the AMI 7300 (from American

Microsystems, Inc.)—are microprogrammable.

Illustrative of the microprocessor concept is
the Model 400 graphic-display system built by
Adage Inc. of Boston. Because microprocessors
of the commercial variety couldn’t handle the
fast I/0 required by the refreshed CRT graphics,
Adage built its own microprogrammable display
processor.

To get the speed, Adage couples fast Schottky
TTL MSI with either a high-speed bipolar RAM
or a fusible-link pROM, depending on the con-
figuration. The result: a processor with a multi-
plication time of 240 ns.

In contrast, Iomec, Inc.—a Santa Clara-based
firm—was able to use the Intel MCS-4 in its
Porta-verter line of remote data-entry terminals.
The big difference, of course, is that data entry
is a relatively slow job.

Terminals: A natural home for microprocessors

For Iomec, the commercial microprocessor ap-
pears to have been a godsend. When it became
apparent that the Porta-verter’s original LSI
hard-wired logic chips weren’t going to be de-
livered on time for Iomec to meet its delivery
commitments, the company was able to replace
the chips with off-the-shelf microprocessors at
about the same cost.

And not only did the microprocessor fulfill the
terminal’s original design goal; it allowed Iomec
to offer such extras as special character keys,
operator prompts, error correction and unattend-
ed operation. Even with all options, Iomec says
its price is two to eight times less than that of
intelligent terminals.

‘One intelligent terminal that was conceived

2 200 2000 aurg

A microprocessor not only controls various front-
panel display and |/O functions of Boonton's 76A
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Automatic Capacitance Bridge, it also computes C,
Q and D, and corrects for bridge errors.
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from scratch with a microprocessor as the central
control unit is the Microterm series from Digi-
Log Systems, Horsham, Pa.

Because of the microprocessor and the Micro-
term’s modular design, Digi-Log reports, design-
ers with unique terminal requirements can just
about write their own specs. Such features as
display formats, code structure, baud rate, key-
board format and editing can be personalized if
custom-written software is combined with select-
ed hardware modules.

To get the identical capabilities with a hard-
ware design, Digi-Log estimates that 600 to 700
ICs would have been needed.

Applications such as Iomec’s and Digi-Log’s—
in which the microprocessor replaces hard-wired
logic or minicomputers—now dominate the prod-
uct scene and are likely to do so for the next few
years.

In a blood analyzer built by Helena Laborato-
ries of Beaumont, Tex., for example, a micro-
processor bumped hardware to provide more com-
plex, faster and more accurate data handling—
in a smaller package yet at less cost.

The analyzer, through the microprocessor, per-
forms mathematical and operational routines on
raw data received from a sensor and gives a
printout, in medical units, of blood protein con-
tent. y

In still another application, four PC cards
were knocked out by Intel’s 8008 microprocessor
in a computing integrator built by the Autolab
Div. of Spectra-Physics.

This remote data-entry terminal—the Porta-verter
from lomec, Inc.—offers intelligent operation.
Credit goes to a four-bit microprocessor.

Designed expressly for chromatographic data
processing, Autolab’s System 1 can replace a
general-purpose mini or a programmable calcu-
lator. Autolab notes these benefits with the
microprocessor: The design was simplified, the
instrument shrank, reliability went up and
costs were reduced.

How did Autolab and Helena save money by

A ‘micro’ what?

What’s a microprocessor? Confusion seems to
result when the prefix “micro” is plugged into
the front end of a word. And no wonder. Gen-
eric names are few, and vendors like to coin
words to describe their “unique” products. Here
is an attempt to clear the confusion:

Microprocessor: An LSI central processing
unit (CPU) on one—or a few—MOS or bipolar
chips. Along with arithmetic functions, the CPU
may perform input/output (I/O) jobs and may
contain a scratch pad or other memory. To form
a working system, at least one external ROM,
RAM or other memory device is usually used
with the CPU.

Microcomputer: Microprocessors are some-
times called microcomputers. But so are “small”
computers—such as bare-bones minicomputers,
built on one or a few PC cards. Minicomputers
built around a commercial microprocessor are
often called microcomputers.

~

To make things worse, computers that use’

microprogramming are sometimes referred to
as microcomputers, regardless of the size and
packaging of the CPU.

Microprogrammed processor or computer:
The term “microprogrammed” refers to any
computer whose instruction set is not fixed but
can be tailored to individual needs by the pro-
gramming of ROMs or other memory devices.
Consequently whether the computer is a mini,
midi, maxi—or a microprocessor—theoretically
it can be microprogrammed.

Microcontroller: Another all-purpose word,
this can mean a microprogrammed machine, a
microprocessor or a microcomputer used in a
control operation—that is, to direct or make
changes in a process or operation. But there’s a
narrower definition, more in keeping with the
prefix, in which microcontroller refers to any
device or instrument that controls a process
with high resolution, usually over a narrow
region.
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substituting microprocessors, while others point
to their high cost?

The answer, of course, depends on what the
microprocessor replaces. For simple jobs with
few components, random logic is less expensive.
But at the other extreme, if the microprocessor
shoves a minicomputer aside, the cost savings—
as well as the volume reduction—can be sub-
stantial.

Micros vs minis and other hardware

Dr. Robert E. Jackson of Applied Computing
Technology, Irvine, Calif., offers this rule of
thumb to determine the cost tradeoff between
random logic and microprocessors: A 50-IC sys-
tem costs about the same as a microprocessor
plus 20 interface ICs. Included in the rule are
parts cost and the cost of handling, testing and
interconnections.

Does the microprocessor’s inroads into mini-
computer territory worry minicomputer vendors?
Not yet. Punch for punch, the microprocessor—
at least at present—is no match for the mini in
speed, word length, memory capacity, number
of instructions, computing power and software
availability.

But where the mini is being used as a 50-mm
cannon when a BB gun will do, watch out. In
dedicated control applications that don’t need
complicated calculations, the microprocessor can
fill the need for a programmable device; a mini
here would be overkill. Where a mini is used

Microprocessors bring sophistication to video
games, such as Atari's Quadrapong—a hockey-like
diversion for four people.

_— _—
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The Microterm series, built by Digi-Log Systems,
are microprocessor-based, intelligent terminals
that can be customized to a user’s specs.

primarily to compute but a built-in €omputer
with low power consumption is preferred, a
microprocessor may slip in.

Road traffic controllers, such as the Model 901
from Multisonics of San Ramon, Calif., are ap-
plications in which microprocessors may also re-
place minis. The job is so easy for a mini that
it loafs half of the time. Buried in the 901 is
Intel’s 8008 microprocessor. This 8-bit unit—
coupled with 14 pROM pages and other memory
—forms the heart of a computer that, though
invisible to the user, optimizes traffic flow in
many separate intersections.

The advantages of the microprocessor ap-
proach here? Foremost, the manufacturer can
tailor the system to individual applications by
first changing the software and then just plug-
ging in new ROMs. Other benefits include a sig-
nificant size reduction and easier troubleshoot-
ing and maintenance.

Micros turn up in minis

Apparently the minicomputer makers aren’t
too concerned about a potentially serious micro-
processor threat. In fact, one mini vendor—Gen-
eral Automation—has just unwrapped a 12-bit
microcomputer that uses a silicon-on-sapphire
(SOS), microprocessor made by Rockwell Inter-
national.

General Automation defines a microcomputer
as a full system computer on a board, with the
processor on a single chip.

Digital Equipment Corp.—the largest mini
manufacturer—also appears to view the micro-
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By replacing a minicomputer with a four-bit micro-
processor, Data Type Corp. was able to cut costs

and slim down the size of its newspaper-oriented
optical page reader—the DFR 300.

processor as a friend and not a foe.

DEC has unveiled a dedicated control system
built around a microprocessor—the MPS Series.
Consistifig of five modules, the MPS can be built
into terminals, process-control systems and other
insrumentation.

Thus we can anticipate a three-way rivalry
for equipment space—with microcomputers get-
ting squeezed from below by microprocessors
and from above by bare-bones minicomputers.

However, some engineers feel that just as the
introduction of the mini spawned entirely new
applications, rather than cut into the applications
of medium and large-scale machines, so will
microprocessors and microcomputers.

But what will happen as microprocessors grow
in complexity, speed and power, and the line be-
tween micro and at least the low-end mini begins
to blur? Perhaps we’ll see a vertical shift, with
minis creeping into applications now dominated
by the medium and big computers.

In the meantime newly conceived products—
like the Staid Corp.’s Datacash, a point-of-sale
terminal—will use microprocessors instead of
hard-wired logic. And many existing products
will no doubt convert to microprocessor-based
designs to compete.

In Staid’s case, an MCS-4—coupled with
pROMs—allowed the company to build a termi-
nal that is easily tailored to a customer’s needs.
Datacash—primarily intended for restaurants
and cafeterias—has 110 keys, each of whose
legends can be changed on site with a peg matrix,
plus six function keys for special applications.
And the unit keeps a running inventory of each
key strike. With hard-wired circuitry, Staid says,
30 TTL cards would have been required.

One company that has already converted an
existing product—at the expense of a mini—is
Data Type of Miami. The company’s DFR 300
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optical page reader started out with either
PDP-16s or NOVA 1200s as the code-translator
controller.

But, says Data Type, the PDP-16 costs sub-
stantially more than the MCS-4 that replaced
it, and the NOVA 1200 was three-quarters asleep
on its job as a start-stop controller, error de-
tector and buffer.

At present the MCS-4 controller portion of the
page reader, which reads font for the newspaper
trade and functions as a terminal in the graphic-
arts, has been designed as a separate, retrofit
package to replace the mini directly. Future
models, however, will have the microprocessor
built in.

Distributed intelligence—a new trend

Some applications enable the microprocessor
and the mini to work together symbiotically. This
appears to be the case with the Telecontroller—
a programmable, front-end data-communications
processor built by Action Communications of
Dallas, Tex.

Instead of replacing a mini, an Intel micro-
processor in the Telecontroller freed the com-
puter to take on more work. The microprocessor,
which serves as a message switcher in a high-
speed binary interface, efficiently handles the
high-speed data and then passes it on to the
mini.

With an intelligent function distributed in
this way, more computer core becomes available,
and many more terminals can come on line to be
served by the mini. Thus look for distributed in-
telligence—via microprocessors—to appear in
more and more new terminal systems and to be
retrofitted to existing systems.

One terminal supplier that will probably be
doing both is the Digital Systems Div. of Texas
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Instruments. TI sees the microprocessor as an
opportunity to give its customers a ‘“rubber”
terminal system—one that can grow as data-
processing functions change.

Intelligence was redistributed in still another
interface—the Series 2000, by Process Control
Systems. In this general-purpose process-control
interface, a micro CPU and memory were design-
ed to slip in and, in some applications, replace a
mini. Built around the 8-bit Intel 8080—the first
n-channel MOS microprocessor—the interface
can be used as a down-line satellite of another
computer or as a stand-alone data-acquisition
system. In the latter case the interface bumps
the computer.

By building in the microprocessor, Process
Control Systems not only saved hardware dollars,
but cabling costs in remote processes were also
considerably reduced. For example, Ford Motor
Co. uses a number of the interfaces at carburetor-
flow tests stands. Here the micro CPU serves as
a satellite to a down-line Interdata 70, and it
multiplexes the interface data to the computer.
In a similar application, the Buick Div. of Gen-
eral Motors puts the interface at its assembly
line in a torque-monitoring system.

In the torque monitor, the micro CPU converts
parallel data to serial and funnels the informa-
tion stream into a dual-conductor cable. The cable
then carries the data downstream, where it is
finally dumped into an HP 2100 mini. Another
interface, between the computer and the cable,
reconverts the serial stream to parallel data.

Other microprocessors surface

The 8080 microprocessor used by Process Con-
trol Systems in its interface is Intel’s newest and
most powerful unit and is sure to boost the semi-
conductor company’s competitive lead time even
more. Because of the lead, Intel now dominates
the market in terms of available microprocessor-
based products.

But National’s IMP-16C microprocessor and
GPC/P MOS/LSI system kit are being built
into prototypes and may soon pop up in such
applications as aircraft control systems, flight-
status indicators, analog computers (strangely
enough), nuclear instrumentation and symbol
generators.

And, of course, the other semi houses aren’t
sleeping—AMI, General Instrument, Electronic
Arrays, Motorola, Signetics and Western Digital
will all have general-purpose units available
soon. RCA has already announced the first CMOS
microprocessor, which it expects to offer initially
on a sampling basis.

With all this activity in microprocessors, it’s
only natural for a designer to ask: Is there one
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General Automation’s LSI-12/16—an 8-bit auto-
mation microcomputer—is built around the first
silicon-on-sapphire microprocessor.

Staid Corporation’s Datacash—a microprocessor-
based point-of-sale terminal for restaurants—
keeps an inventory of every key strike.

in my future? The answer: Inevitably, yes. In
the meantime, though, designers are more likely
to run into one at their opthomologist’s, at the
butcher’s or at their favorite watering hole.

At the eye doctor, look for Coherent Radia-
tion’s Dioptron—an optical instrument that
measures and analyzes the eye’s focal character-
istics and prints out the results.

At the meat market, check for the butcher’s
thumb on a Toledo digital-computer scale—a
unit that converts weights to prices, prints labels
and displays unit price, weight and total price.

And at the bar, try to beat the gal standing
next to you at a new video game, from Atari, in
which a cat chases a mouse through a constantly
changing maze. If you lose, the game—but win
the lass—thank the microprocessor. um

95




Our Extra Specials...
read all about them.
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CONTINUOUS SOCKET SYS-
TEMS. Low-cost, high-quality,
uninterrupted IC socket system
with interlocking units can maxi-
mize board use when wire-wrap-
ping. CAMBION® BUTTABLE
SOCKETS make it happen. And
there’s a total IC packaging
capability.

JUMPER SWITCHES. Tiny jump-
ers that mate with spring-loaded
receptacles serve as low cost,
trouble free circuit switches.
50,000 cycles (insertions/
extractions) prove longevity.
Color coding and positive posi-
tion indication suggest limitless
application possibilities. The
variety is extra special.

SPACE AGE INDUCTORS. The
smallest, .075” by .170”, “‘fits”
anywhere. Hundreds of thou-
sands in electronic watches.
More in the new lightweight tele-
phone headsets. Plus a broad
line of conventional inductors.
Where can you use them?




HARDWARE VERSATILITY. Low
cost battery holders that are both
shock and vibration resistant for
portable equipment. Stand-offs.
Metric spacers. Handles. All with
CAMBION quality.

TERMINALS OF THE TIMES.
Modern versions of the traditional
solder terminals, .025” and .045”
square for back panel wire-wrap-
ping and/or soldering. Rugged,
tough terminals in two and three
wrap lengths.

The thousands of applications
our customers find for versatile
CAMBION components make
them “‘extra special’”’ to many.
Available in the same quality — in
any quantity. That's CAMBION'’s
Double “QQ" approach. For addi-
tional news on CAMBION's full
line of quality products write:
Cambridge Thermionic Corpora-
tion, 445 Concord Avenue, Cam-
bridge, Massachusetts 02138.
Phone: 617-491-5400. In Los
Angeles, 8703 LaTijera Blvd.
90045. Phone: 213-776-0472.

Standardize on

CamBION

The Guaranteed Electronic Components
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PLUGGABLE BREADBOARDS.
Entirely pluggable for use and
re-use. No soldering mess or fuss.
Fast and convenient with all the
accessories for developing your
own circuitry.
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SCR CONTROLLED BRIDGE RECTIFIERS
AND POWER SWITCHES

PRESS-FIT ELEC. 1SO. EPOXY BARRIER PACKAGES
The VCB series of 25A and 50A controlled bridges and power
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How to be a top designer
and remain a designer,
despite corporate lures

John F. Mason, Associate Editor

How many creative engineers build something
great, get trapped in a maze of marketing
strategy and never get back to creating anything
else?

Far too many, James E. Thornton decided
early in his career of designing super-computers.
And, taking matters firmly in his own hands,
he has, with a few minor delays, shrewdly steer-
ed a course through such corporate snares ever
since.

So far, so good. But what happens now?
Thornton’s future course isn’t 100 per cent clear.
But whose is?

Thornton had little soul-searching to bother
him when he reached that fork in the road that
eventually every engineer must face: Should he
go into administrative work or try to make it as
a creative designer? Thornton chose design with-
out batting an eye, and he’s never questioned
the choice.

Today at 48, he has five big machines to his
design credit, and feels he has time for two or
three more. Whether the forces in the world of
giant computers will allow him that many, he
doesn’t know. But so far his formula has work-
ed, and it may see him through whatever lies
ahead.

“Some people—good, creative designers—
manage to be part of only two, or maybe just
one, project in an entire lifetime,” Thornton
says, looking slightly distressed at the thought
of such a waste.

Designing a big data-processing machine can
take from four to five years, he explains, and
if you get pulled into market strategy meetings,
sales briefings and modifications to the product
for its 10-year life, you’ve shot 14 or 15 years.

“How many 14-year periods does a man have”?
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he asks rhetorically. “Two”?

Even if you escape the corporate marketing
trap, he notes, you can still become obsolescent.
While you’ve been working on one project for
five years, the state of the art has moved on.
You need a good year just to catch up before
tackling another big job.

What are the sirens along the way to lure a
creative engineer to beach his future as a de-
signer and become a sales-briefing artist?

“Job security,” Thornton says, “and oppor-
tunity.”

He speculates: “Let’s say you finish a big five-
year job. Everybody’s happy. But your company
isn’t ready to launch another big project right
away. . . . You can spend your year getting
caught up with new technology, hoping that
meanwhile a new program will emerge. You can
try to change companies, or you can become a
consultant.”

Thornton thinks a moment. “Or maybe you
just sit tight and sweat it out a little more.”

His own record is enviable, and he at-
tributes it to two things: He decided early in
the game what he wanted, and he stuck to his
goal. And, second, he had some degree of luck:
He happened to work for companies that launch-
ed big projects in relatively quick succession.
And his projects didn’t all take five years.

Thornton’s first design job was Engineering
Research Associates’ 1103, the first commercial
scientific computer. It took three years to design.

His next project took only two years. It was
Univac’s Naval Tactical Data System computer.
(Thornton hadn’t changed jobs. Univac had ac-
quired Engineering Research Associates and
Thornton along with it. He didn’t even change
desks.) The naval computer was designed quick-
ly, Thornton explains, because transistors had
suddenly become available.
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“Switching to transistors was no problem,” he
recalls. “The transistor was so powerful that we
were able to build a very competitive, uncom-
plex machine, and we built it quickly.”

Subsequent machines haven’t been that easy
to design, nor has the time between two gener-
ations been so brief. Going from vacuum tubes
to transistors was a jump that automatically
clobbered its predecessor, competitively speak-
ing. Since then succeeding improvements in
technology haven’t been that dramatic. They
don’t categorically outmode everything else.

Right after the tactical-data computer was de-
livered to the Navy in 1958, Thornton moved
from Univac in St. Paul, Minn., to Control Data
Corp. across the river in Minneapolis. There he
had plenty of exciting work to do for the next
15 years. It was always innovative because the

James E. Thornton, now a consultant, has five big
data processing machines to his design credit and
believes he's good for at least two or three more.
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company’s approach to beating the competition
was to build machines that would outperform
their predecessors. Other companies took the op-
posite tack, following a big machine with a
smaller version that was cheaper. IBM often
takes the middle course, building a middle-aged
machine and then moving out in both directions,
a bigger one and a smaller one.

Thornton’s first machine for Control Data, and
the third of his career, was the 1604, a system
that introduced a number of new features. Sey-
more Cray, a senior design engineer with whom
Thornton would collaborate closely and success-
fully for almost 12 years, was already six months
into the design of the machine when Thornton
arrived. But Thornton developed an important
feature for the 1604—the floating point, which
has survived steadfastly and is now almost
standard on all kinds of data processors, includ-
ing pocket calculators.

Thornton is proud of another important inno-
vation that emerged in the 1604 program—the
interleaved magnetic core memory. Although
Thornton gives Cray credit for originating the
idea and ‘“having the strength to carry it
through,” he did help with the design and feels
it’s been a milestone in data-processing machines.

Luck helped in the design of the 6600, Thorn-
ton says. “We had expected to use the germanium
transistor, but at precisely the right moment
Fairchild announced the silicon planar transistor,
so we used it.”

This permitted much higher packaging density,
substantially higher basic speed of the subsys-
tems and an allowable heat that would not have
been possible with germanium.

The high density unexpectedly spawned yet
another innovation. “We were afraid the density
wouldn’t tolerate an air-cooled system,” Thorn-
ton says, “so we went to Freon, which turned
out to be a major factor in the machine’s de-
sign.”

Freon became more than just a way to cool
the machine. It allowed such precise, selective
temperature control throughout the system that
the machine could be operated at greater speeds
than had been planned. Another advantage to
Freon is that it’s quiet.

But the most important innovation in the 6600,
Thornton says, was the addition of 10 small proc-
essors, called peripheral processing units, for the
I/0O processors. “For these processors,” he re-
calls, “we built a software system that allowed
them to really manage all the I/0, all the chan-
nels and, in a way, the central processor. So for
the first time, we had the beginnings of
what we think of today as a real system struc-
ture of the large central machines.”

In mid-1960 Thornton restated his determina-
tion to be an innovator rather than an admini-
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The case for the super machines

Why big computers? Won’t several smaller
machines do the same thing? The answer is no
if you're talking to people in the scientific com-
munity or the Defense Dept. The intelligence is
too fragmented in a group of minis, they will
tell you. You need only one big central processor.
And you only get that in a very big machine.

Other advocates of the super processors are
in the aerospace industry. How else can aero-
dynamicists simulate a giant swept back air-
craft wing they want to design except with a
gigantic computer?

Many government agencies need big machines
for the vast amounts of data they must handle:
the census bureau, meteorologists, and the
groups that collect earth resources data from
satellites.

But the biggest users of the big processors
are still to come, and are still unidentified, ac-
cording to James E. Thornton, designer of five
large, elaborate .machines with a sixth in the
works. “Every time we've built a new machine
it’s created new markets—markets we hadn’t
expected,” he says.

This really big influx of users, he predicts,
will probably join the crowd in a fairly simple,
inexpensive way—via a time-sharing arrange-
ment. They will plug into a vast network that
ties their small terminals to a giant central
machine.

The network concept is absolutely essential
in thinking about large machines of the future,
Thornton believes—‘not only about how they
will be used, but how they should be designed.”
In the past, he explains, large specialized ma-
chines were built as stand-alones. Future large,
specialized machines will be built as part of
networks operating in unison with intelligent
terminals, with minicomputers somewhere along

the line and with other large specialized
machines.

To support these networks a number of new
products must be developed, Thornton says, add-
ing: “We're not even coming close to providing
for such systems yet.”” The terminals and
modems that go onto telephone lines, for in-
stance, are all “relatively low-grade things, and
in no sense do they appear to be what’s ulti-
mately needed,” Thornton says.

“We're already beginning to see on-line stor-
age as the way to operate,” he continues.
“People are using more discs now than ever
before—at least three to four times greater than
expected.” p

Why? People want to put information on a

strator. He and Cray asked to be separated from
the corporation, administratively and physically.
Such a request could have caused waves, because
the company was new and probably not ready
for the departmental specialization they wanted.
They asked that a laboratory be set up strictly
for design; it would have nothing to do with
marketing. Control Data complied.

A year later—and this move was mainly Cray’s
idea—the two designers really asked to get
away. They wanted a place in the woods. Trees,
birds, lakes—the works. They’d take along a
small group of talented, free-thinking engineers
who would come up with a computer that would
outperform the 1604. Again, Control Data came
through.

The result was a laboratory, about as rural as
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you can get, in Chippewa Falls, Wis. Most of the
design work for Control Data’s *6600 was done
there.

Cray liked living in the woods, and he’s still
there. But Thornton and his wife and their seven
children began to miss St. Paul. This, plus a
decision by both Cray and Thornton to build
two variations of the 6600, caused Thornton
eventually to go back to town. There he develop-
ed a cheaper version of the 6600, with less per-
formance: it was called the 6400. Cray, staying
on in Chippewa Falls, developed a unit with
more performance, first called the 6800 and later
the 7600.

Thornton added a feature to his 6400 that he
found satisfying. “To give it redundancy and
more power,” he says, “I built one 6400 with two
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disc and leave it there. They don’t want to put
it in and out through tape or punched* cards.
And they're storing more data.

“We have people now in large sites that have
not just 10 spindles of dises but hundreds of
spindles,” Thorton says. ‘“This represents a tril-
lion-bit storage. And the only processor that
can manage capacity like that is the large
scientific processor. The large machine is here
to stay. What’s needed is specialized peripherals
to back it up.”

Already designed for a network system is
Control Data’s Star 100. “This machine will de-
pend on a network,” Thornton says. “It doesn’t
have any I/0O functions in it, and its peripheral
system is fairly rudimentary.”

One feature used in Star, and also in other
powerful machines that might set trends for the
future, is pipelining. Separate functional opera-
tions are broken down into steps that are taken
sequentially, in the manner of an assembly line.
Because the steps are independent, one may be
started while another is still in progress.

Illiac, NASA’s huge computer by Burroughs,
takes the opposite tack. It uses multiple proc-
essors in a structured way. “They all do the
same functions in parallel,” Thornton says, add-
ing, “but at this stage both Illiac and Star
are relatively unknown. They are two different
structures. And we don’t know yet whether
either is going to be a really powerful machine,
useful for a general class of activities or not.”

Thornton sees a big future for virtual memo-
ry. He says: “This is a very fundamental con-
cept that’s been very slow in getting to opera-
tional status, and will take even more time to
really arrive. Star uses a large-scale, brute-force
virtual memory—a technique that is highly
appropriate for networks.”

central processors instead of one. They were
both coupled to the same memory. I had designed
some latent control logic in the memory to allow
for the additional processor, and it worked very
well.”

Thornton then asked management if they’d
like such a design. Yes, they said, but how long
would it take? It was very gratifying, he recalls,
that he could tell the company it was already
done. This version of the 6400 was called the
6500.

But Thornton paid for leaving the woods.
Within months he was so involved with the
manufacturing, engineering and marketing of
the 6600 that he hardly had time to work on the
6400. Finally he got another designer to work
with him, “and inside of 18 months we had the
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new machine ready to operate.”

But Thornton’s administrative demands con-
tinued to grow. At one point he found himself
directing five Control Data groups throughout
the U.S. One, in Arden Hills, Minn., is still de-
veloping the Star 100 computer. Thornton is no
longer involved with the Star project, but he
and three other engineers originated the ma-
chine, and he was very much a part of it for
a long time.

Of Star, Thornton says: “The machine is about
two years late, because it’s had design problems.
It contains more than 100,000 ICs. The system
is unusual, and it’s going to be many years before
it’s really understood. But when it is, it’s going
to have a very significant impact on the large-
machine business.”

But Thornton was losing sight of his original
goal. “I felt my strengths weren’t there, in all
that administrative work,” he says. “I needed
a narrower and more creative environment. While
running labs was interesting in some ways, run-
ning a lot of labs wasn’t. So about a year and
a half ago I began to fill my key spots with
people who could take over. And by early 1973,
I was out of a job.”

Thornton requested a leave of absence from
Control Data, became a consultant and took on
Control Data as his only client. He is working
on a project that he started for the company
while he was still an employee.

How is this working out?

“Well, it’s the other extreme,” he explains.
“I'm working completely alone. My current
project is big and it’s interesting—as well as
proprietary—and I can’t talk about it. But who
knows when Control Data will initiate another
job of this scale”?

Thornton pauses as he considers his future.
“I could stay on as a consultant and trouble-
shoot projects for other people who are in a jam.
I solve other people’s problems very well, but
that’s not creative.”

Thornton studies the clear, bare white wall
of his office in St. Paul as if he will find the
answer there. “What I really should do,” he says,
“is maneuver toward a smaller, structured tech-
nical activity. I have managerial aptitude in a
structured climate.

“Yes,” he says, now satisfied with his decision.
“I think that is my solution.”

His reason for this compromise makes great
sense as Thornton’s decisions apparently always
have. “It’s impossible for one man to keep up
on all the new semiconductor technologies as
they emerge,” he says. “These kids coming out
of school have got more real understanding now
by direct training than we ever had. Alone you
get obsolescent.,” mum

”»
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Before we wrote the
Computer User Plan,we built
’s best planned computer.

The Prime 300.
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The Prime Computer

. User Plan brings common sense

to buying a computer. It recog-

nizes the sixnﬁle fact that your
/1=, needs might change someday.
b \ Ua e Plan introduces

g e two-year guaran-

,, teed trade-in policy. It details

the upward and downward
”" compatibility features only

Prime offers. In short, it gives
every assurance you can always put a Prime
system to use.

We consider The Plan a new way to

buy, use and upgrade computer systems. We

also give you the systems to consider: The
Prime 100, 200 or 300. The chart below is a
preview of what to expect in each.
Standard Processor Features
Prime 300 [~* Virtual Memory — automatic paging, mapped
Central address translation to 256K words, restricted
Processor execution mode, and memory protect.
(1 board) !
* Stack Procedure Instructions
* Micro Verification Routines**
* Hardware Multiply/Divide and Double Precision
Arith.*
* DMC/DMT Capability*
¢ Automatic Program Load From Input Devices
Prime 200 _ (PTR, TTY, CR, MT, Disk)*
Central * Memory Byte Parity
Processor * Processor Byte Parity
(1board) [| | * Full Addressing Modes—direct, indirect, and
indexed in both sectored and relative modes
* Virtual Instruction Package (VIP)—automatic
Prime 100 trapping of unimplemented instructions and
Central | substitution of functionally equivalent
Processor software subroutines.
(1 board)
* 8-Channel Programmable DMA
* 4 Channel Full Duplex Asynchronous
Serial Interface
L_LL_* Multi-level Vectored Priority Interrupt System
* Optionally available on Prime 100 and 200
**(Optionally available on Prime 200

The chart suggests there’s a little 300 in
every Prime computer. Naturally, we planned
it that way. Our 3001is just the reverse of the
big box with a little computer inside.

Other 300 features will tell you just
how big it is. For instance, there’s Iﬁghz;lsg_eed
MOS mem%with 32K words per board. Up
to 256K words per system. There’s floating

int arithmetic and writable control store, too.
n short, there’s everythin tiyou’ll need in the
computer you can plan with. Work out a multi-
function system or plan a multi-user arrange-
ment. The diagram that follows is just one
way to go.

The Prime 300 supports a multi-user,
virtual memory Disk Operating System
(DOS VM) and a foreground/background Real
Time Operating System (RTOS VM).

A Prime 300 with virtual memory
easily accommodates over a dozen users.
‘What's more, each is guaranteed 64K words of
virtual memory available to program in
FORTRAN, BASIC, Macro Assembler and
Micro AssThembler. i L

e system files and paging space are
all Erovided by cartridge disk. Our new
diskettes offer low cost storage for personal
user files.

A Prime 300 is good. How good can
best be seen in The Plan. It shows how to up-
grade from the 100 right on to the 300. In the
process, you don’t change software. The time
and expense of reprogramming are gone. You
can also use the 300 as a software development
system. The software will run on 100’s or200’s
without modification. The Plan guarantees this
kind of %}ﬁtem compatibility.

e Plan also goes into system integrity
features. Memory Byte P 31, and Processor
l%ﬁ’m Parity are standard in the Prime 300.

icro-verification routines (also standard) and
controller loop-back allow you to isolate faults
to a single board.

32k Word
Memory

System Option
Controller

DiskController
Diskette Controller
Asyne. Multiline Controller

Power Supply

9% 5
-’:jﬂ\ 3 Million Word

Cartridge Disk

Dual Diskettes

Prime 300 Multi-User Disk Operating System

The Plan then spells out our total
service options. They run from comprehensive
on-call service contracts to Prime’s unique Air
Spare System. With Air Spare, we'll air
express, for a minimal charge, any backup
boards you may need from our nearest service
center. We'll make repairs on faulty boards
and have them back in no time. Meanwhile,
you'll be operating full-time thanks to Prime.

There’s more to The Plan. The best
way to discover how much is to have your own.
Send for it. The coupon below, like the Prime
300, will make it all possible.

To: Prime Computer, Inc.
23 Strathmore Rd.
Natick, Ma. 01760
[0 Send The Plan
[0 Send the Planner
(He'll call for an appointment.)

Name

Title

Company

Address

City : State Zip

R1

Learn more about The Plan at the National Computer Conference, Booth 109.

r-
-
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Singer can supply
any stepper motor you need,

even if it’s a real oddball.

The motor shown above to 2000 steps/sec.; and data processing equipment,

was specially designed with frame sizes from 8 B communication input-

a head positioning lead through 40. output terminals, etc.

screw for a ‘‘floppy- All these motors We also supply a

disc” computer feature high 3 universal, solid-state

memory. detent torque; logic driver that's com-
You're not designing stable, contin- patible with all Kearfott

Size 18

floppy-disc memory systems uous/instantaneous Size23  stepper motors.

right now? Singer-Kearfott response; and precision The motors and logic driv-
still can come up with the accuracy. Sothey’re ideal er are in production
right stepper motor for for applications where right now, making

them readily availa-

anything you magnetic or punch- ‘
i /ble. Only the oddballs

have that needs \ tapedrives are used

the right for print-out— ¥ ' take a little longer. So
steppermotor. gag business machines, write for our new,
Our single- e Size 35 comprehensive stepper

source capability is
based on the most complete
line available today. You can
choose from either perma-
nent magnet or variable

motor catalog, or phone
us about your special require-
ments.
The Singer Company,
Kearfott Division,

reluctance motors; stepping 1150 McBride Avenue,
angles from 1.8° to 90°; maxi- Univereal Little Falls, New Jersey 07424,
mum stepping rates from 100 Lepig PRty Phone: (201) 256-4000.

SINGER

AEROSPACE & MARINE SYSTEMS

INFORMATION RETRIEVAL NUMBER 51
106 INFORMATION RETRIEVAL NUMBER 52 P>



NEW

Automatlcally feeds cable tie around the bundle, tensions the tle
and cuts it off flush —all in less than 1 second! B OGRS

Panduit introduces the first lightweight fully automatic cable tie installation tool t 'b;ef
conveniently hand held. Now you can gain high-volume production with minimum fatig

Lightest, Most Compact. The PAT1M tool weighs just 134 Ibs. — a fraction of
competitive tools — and is sized to fit the operator’s hand. Separate
dispenser unit can be conveniently placed out of the way.

Fast Operation. Simply place jaws around the bundle and touch the start e ""i"’ 15 U i
button. The tool automatically installs a one-piece PAN-TY® cable tie JNepsnseriaon .
around the bundle, tensions the tie and cuts it off flush — all in less than

1 second. The all-nylon tie meets MIL. STD. MS3367-4. The dispenser

magazine holds 100 ties, twice the capacity of competitive units, reducing reload tlme by 50%.

Versatile. The unique design of the PAT1M allows cable tie installation closer to harness
board accessories. The tool and dispenser operate in any angle or position. This tool can
be used on bundle diameters from 1/16” to 3/4”.

The PAT1M automatic tool is part of a complete line of cable tie installation tools
including PPTS pneumatic, GS2B and GS4H hand operated. The PAT1M tool is
available for lease from Panduit Corp. Panduit’s full line of wiring components,
including PAN-TY® and STA-STRAP® cable ties, PANDUCT® plastic wiring

duct and PAN-TERM® terminals, is sold through authorized Panduit

Stocking Distributors.

-
""Nu.., .
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-
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Ask for descriptive bulletins
and a complete demonstration

DU come

Tinley Park, lllinois 60477 Phone: (312) 532-1800 In Canada: Panduit (Canada) Ltd.

ER Elasllc :
Retainer

Visit PANDUIT at NEPCON Southeast (Booth 122)
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Smarter terminals join
with floppy-disc drives
to stretch data capability

David N. Kaye, Senior Western Editor

A new-product explosion is occurring in com-
puter peripherals. It centers on intelligent termi-
nals and flexible, or floppy, disc drives.

Intelligent terminals are usually CRTs with
keyboards and built-in processing capability, in-
cluding memory. Floppy disecs, which look like
45-rpm records, use a coated Mylar medium and
provide from 0.5 to 5 million bits of random-
access data storage. By combining the two prod-
ucts, users are getting a powerful distributed
computer system.

Intelligent terminals are getting smarter all the
time. Faster and more powerful processors are
being incorporated. More memory is being added.
And software approaching that developed for
minicomputer systems is being offered.

So many other peripherals are now available
for intelligent terminals that the capabilities of
the terminals are nearing those of stand-alone
minicomputers. The floppy-disc drive gives the
terminal random access to a large amount of
data stored locally—data that previously had to
be stored by a large host computer remote from
the terminal. As a result, the host computer
might not have to be so large any more.

None of this would be practical if the disc
drive were not relatively inexpensive. It can be
obtained, including a controller, for less than
$1000. And it’s getting cheaper all the time.

Introducing the smart guys

Is it a computer terminal, a minicomputer with
display and keyboard built in, or a sophisticated
desk-top programmable calculator? The boundary
between these categories is getting hazier.
The intelligent terminal can be any or all. The
only requirement that makes it a terminal is that
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This IBM-compatible drive, the Orbis 74, has a
unique option that uses a slotted shaft to set elec-
tronically any type of disc sectoring that is desired
if the IBM mode of operation is not required.

it must be able to communicate with a computer.

Wang Laboratories, Tewksbury, Mass., builds
the System 2200, originally introduced as a
sophisticated programmable calculator. Since it
is programmed in Basic, many users think of it
as a minicomputer. But it has a 300-bps asyn-
chronous data line which qualifies it as an in-
telligent terminal.

Intelligent terminals fall into two basic cate-
gories. The first type can emulate or replace the
IBM 3270 intelligent terminal. It must be able
to work in clusters of many terminals around a
large central computer. The software for these

ELEcTRONIC DESIGN 9, April 26, 1974



terminals is usually predetermined by the manu-
facturer. The operator at the terminal rarely
does more than enter and edit data, seeking a
reply to a relatively simple question from the
host computer. The terminal formats and con-
denses the data before it’s sent to the host com-
puter. This makes processing by the host more
efficient. Also the display gives the operator a
choice of predetermined data-entry forms to
guide his data input. In addition the terminal
checks the input data for errors and allows for
several forms of data editing at the terminal
prior to transmission.

The second type of terminal is user-program-
mable. It can always be programmed at the key-
board, sometimes in a fairly high-level language.
It can do most any problem that the operator can
feed it. Sometimes the terminal can do some of

IBM's 3270 terminal is the most widely used in-
telligent terminal in the field. It is intended for
data-entry systems with up to 32 terminals in a
cluster to an IBM host computer.

the necessary processing by itself. The terminal
initiates a cgll for assistance from the host com-
puter when necessary. Thus, this type of termi-
nal can be used often as a stand-alone minicom-
puter.

IBM terminals predominate

There are more IBM 3270 intelligent terminals
in use than any other type. The terminal, made
by the IBM Data Processing Div., White Plains,
N. Y, is designed to operate either by itself or
in a cluster of up to 32 terminals. It provides
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local data-transfer rates of up to 650,000 char-
acters per second and remote line speeds of up
to 7200 bps. The terminal operates with either
a System/360 or System/370 host computer.
Terminal programming can only be done at the
host computer.

Emulators for the 3270 are offered by several
companies. They include Delta Data, Cornwells
Heights, Pa.; GTE Information Systems, Stam-
ford, Conn.; Olivetti, New York, N. Y.; Ray-
theon Data Systems, Norwood, Mass.; Sanders
Associates, Nashua, N. H.,, and Sycor, Ann
Arbor, Mich. In most cases, these terminals can
replace a 3270 directly, and they offer more
capability at a lower price.

A good example of an IBM 3270 replacement
system is the Raytheon PTS 100. The remote
processing and memory are in a single console
that feeds up to 96 display stations. The display
station is a CRT with deflection electronics and
a keyboard. Everything else is at the central
processor. It is a TTL processor with multiple
port MOS random-access memory (RAM). The
displays are refreshed from a section of the
RAM. The RAM has an 800-ns memory cycle
time. The processor is expandable up to 64-k
bytes of storage.

According to Alan Geller, manager of mini-
computer engineering at Raytheon: “An interest-
ing feature of our system is that any peripheral
controllers that we use can cycle-steal from the
main processor and do not need any additional
processing in them.”

An alternative approach to 3270 replacement
is represented by the Sanders 8170 interactive
terminal system. Here the user can program the
terminal at the keyboard. Included are such
things as user-definable special function keys and
a built-in microprocessor with memory. Up to
600,000 bytes of information can be stored on a
digital cassette recorder. Screen sizes of up to
1920 characters are offered. Since each terminal
in a cluster has its own processing, a central
processor is not needed away from the host
computer.

Most terminal companies strongly favor pro-
gramming the terminal directly. As Ephraim
Gitelman, vice president of engineering at Com-
putek, Cambridge, Mass., points out: “You have
to give control of the problem to the guy sitting
at the terminal. If not, his effectiveness is great-
ly decreased.”

Computek produces an extremely versatile in-
telligent terminal, the Model 200. It features
a TTL processor with up to 8 k of semiconduc-
tor RAM. The processor has a fast 1.3-us in-
struction time that is accomplished with an over-
lapping instruction fetch and execution. The
basic architecture of the terminal is dual-bus,
with one bus for instructions and the other for
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Dasyn’'s 101 universal terminal uses single-bus
architecture and an Intel 8008 CPU to provide
considerable flexibility. A variety of memory boards
and 1/0 interface boards and peripheral controller
boards can be plugged into the bus.

data and input/output (I/0).

The display shows 200 characters in an 80-
character-by-25-line format, in which each char-
acter is formed by a 14 x 20-dot matrix. Typical
is 5 x T or 7 x 9. This large matrix allows
for better character formation than that of any
other terminal on the market. Random-access
display refresh uses 2 k of 10-bit characters.
Two of the bits are used for such things as
blinking, blanking and intensity control. The
terminal sells for $7500, including 8 k of RAM.

Most intelligent terminals not of the 3270 type
are much smarter and more flexible.

Lowest in cost of the intelligent terminals is
the 8025 from Omron Systems of Sunnyvale,
Calif. It sells for $2350 with 2 k of semiconduc-
tor memory. Its architecture is a single-bus type
in which the CPU, memory and I/O interface
boards all plug into a common data bus. This
setup is found in many of the terminals on the
market. It can be readily expanded with more
memory and additional I/0 interfaces.

Billy W. Goodner, manager of systems engi-
neering at Omron, notes that it is even easy to
add additional CPUs. In this way the terminal
can become a multiprocessing system. Omron
does not yet do this, and several other companies
are talking about adding this capability, par-
ticularly in situations where there is no host
computer.
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Omron’s terminal uses the Intel 8008 micro-
processor as the basis for its CPU. This termi-
nal is expandable to 16 k bytes of memory. As
with most terminals, an RS-232 standard inter-
face is available along with other schemes. The
data rates available go up to 2400 bps in an
asynchronous mode and 9600 bps in a synchro-
nous mode.

Another low-priced terminal is the SB2 from
Beehive Terminals, Salt Lake City, Utah. It sells
for $3295, with 2 k of semiconductor RAM. It
also uses a CPU based on the Intel 8008 and dis-
plays 2048 characters on a 12-in. CRT. Lines of
text in memory can be displayed on the CRT in
pages, and flipped from one page to the next and
back, or the text can be shifted one line at a
time up or down in scroll fashion. A repeating
control key on the keyboard allows scrolling of as
many lines as desired in either direction.

Harvey Girard, head of engineering at Bee-
hive, is not sure that most applications of intel-
ligent terminals require a full-blown CPU. “We
are looking at developing an LSI sequencer or
programmed logic array for future terminals,”
he says, “that, while not as powerful as a general-
purpose microprocessor, will be cheaper and
more efficient at performing many of the jobs
that an intelligent terminal must do.”

Two more companies that base intelligent ter-
minals on the Intel 8008 microprocessor are Digi-
Log Systems of Horsham, Pa., and Dasyn of
Santa Ana, Calif. Tom Emory, vice president of
engineering at Digi-Log, points to the company’s
Microterm as a flexible terminal that can be con-
figured to any custom need. Microterm uses a
7 % 11-dot matrix to form characters and has
an expandable single-bus structure. Programming
is in Intel assembly language. Almost any termi-
nal feature that is desired can be incorporated.
Prices start at $1800 for a very simple terminal,
Emory says.

Dasyn makes the Model 101 universal termi-
nal. It is also single-bus, and it rivals the Digi-
Log in versatility. However, it is sold as a stand-
ard unit with many options, while Digi-Log sells
on a custom basis.

More powerful intelligent terminals that rival
larger minicomputers in capability come from
companies like Datapoint, San Antonio, Tex.;
Sycor, Ann Arbor, Mich.; Four-Phase Systems,
Cupertino, Calif.; Incoterm, Natick, Mass., and
Sanders.

Datapoint makes a series of terminals—the
1100, 2200 and 5500—that the company calls com-
puters. They range in price from $8000 to over
$50,000. Each is based on a TTL central proc-
essor, with MOS memory and external bulk cas-
sette storage. Both assembly and higher-level
languages are available, and the units can work
either by themselves or in clusters. William L.
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The smallest, lightest and cheapest IBM-compatible
drive is from Pertec. The D0330 is also the only
totally dc driven drive. All others use an ac motor
to spin the disc.

Borgerding, director of engineering at Data-
point, notes that the company has already ship-
ped systems with multiprocessing capabilities,
while others are just talking about doing this.
Many different types of peripherals work with
the Datapoint terminals.

Sycor’s Model 340 has a fast 1.25-us TTL
processor and a dual-bus architecture. One bus
is for input to the terminal and the other for
output. This terminal also has a direct memory-
access feature. It contains 8 k of control memory
ROM and 8 k of MOS RAM. Screen refresh and
system buffers use 1 k of the RAM. A user appli-
cation language called TAL allows easy data edit-
ing and data validation at the terminal as well
as simple programmability for other functions.
This terminal sells for about $6600.

Floppy disc: Low cost, bulk storage

Intelligent terminals and minicomputers need
a low-cost, random-access, bulk-storage medium.
Hard discs have been the best means to date—
that is, if you don’t mind spending a few thou-
sand dollars. If a few hundred dollars sounds
more attractive and access time is not extremely
important, floppy discs are the way to go. While
still an immature technology, with a variety of
approaches to choose from, floppies have proved
themselves and are being used by the standard-
maker, IBM. Since any computer peripheral that
IBM makes becomes a de facto standard, floppy-
disc drives are divided into two camps: IBM-
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The most widely used non-IBM  floppy-disc drive
is the Memorex 651. More than 3000 of these are
in the field. The drive uses a disc with a thicker
coating, for longer life.

compatible and others.

When used as a peripheral for an intelligent
terminal, the choice will usually be IBM-com-
patible. In this way the terminal can be used as
a key-to-disc data entry system and the discs
can be run on any IBM-compatible drive regard-
less of location. The drive also serves the termi-
nal as part of a disc operating system, providing
about 1.95 Mb of random-access storage. Most
IBM-compatible drives have a track-to-track
access time of 10 ms.

All IBM-compatible drives have an average
latency (time for disc to rotate 1/2 revolution)
of 83.3 ms, a data-transfer rate of 250,000 bps
and a recording mode of double frequency, and
they use the same medium for storage. The
medium is a 7.88-in.-diameter, 3-mil-thick Mylar
disc with a large hole in the center. This disc con-
tains 77 recording tracks of which one is an
index track containing all of the format coding
and library information for the disc. Seventy-
three are data tracks that come preformatted
with sector address marks, data marks, cyclic
redundancy coding and a track address mark.
Two tracks are spares, and one is being reserved
for some future use by IBM.

Each track is divided into 26 sectors, and each
sector can contain 128 bytes of data. The disc
also contains a physical hole that can be sensed
optically to indicate the beginning of each track
or the location of the track address. Most manu-
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Kennedy Data Systems’ KDS-28 contains a pair of
Century Data Systems floppy-disc drives and a
controller. Interface electronics are included to
mate the disc drives to Datapoint terminals.

facturers feel that the disc is good for at least
one million head passes over any given track.

Donald Taylor, product manager on the D0330
flexible-disc drive for Pertec in Chatsworth,
Calif., says: “Our tests indicate that the IBM
disc is good for at least five million passes per
track.”

The discs cost $8 from IBM and less than $5
in large quantities from some of the other sup-
pliers, the largest being Memorex of Santa Clara,
Calif.

Many companies have introduced IBM-com-
patible drives, including Century Data Systems,
Anaheim, Calif.; Control Data, Hawthorne,
Calif.; General Systems International, Anaheim,
Calif. ; Innovex, Bedford, Mass.; Memorex, Orbis
Systems, Costa Mesa, Calif.; Pertec; Potter In-
struments, Melville, N. Y.; Shugart Associates,
Sunnyvale, Calif.,, and Sycor. Their drives are
compatible with that in the IBM 3740 data-entry
terminal.

The most compact and least expensive of these
drives is the D0330 from Pertec. It measures
3-1/2 x 8-3/4 X 14 in. and weighs 10 pounds.
It sells for $475 in 200 quantities. Most of the
other drives are at least 20% larger, 20% more
expensive and weigh 50% more. The Pertec drive
is also completely driven from +24 V and =5 V.
All other drives use an ac motor to rotate the
dise, and practically every drive has different
de requirements.

Next smallest of the drives is the Model 210
frrom Innovex. It measures 4.3 X 9 x 14-in. but
weighs 15 pounds. As with most other drives,
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Sanders 810 intelligent terminal has a 12-in.
cathode-ray tube with 1920 characters. It can
support up to eight ‘“‘dumb’ terminals with its
processor, and it sells for $6900.

it can be mounted in any orientation for incorpo-
ration into a system. This drive is unique in that
it is a sealed one, with filtered air passing over
the disc to increase media life by preventing
dust from jamming between the head and the
dise. All IBM-compatible drives have the read/
write head in contact with the disc. The head is
moved across the disc by a dc stepper motor,
which, in all cases execpt Pertec’s, steps at one
track per step. Pertec uses three steps per track
for higher accuracy.

Shugart Associates has more IBM-compatible
floppy disc drives in the field now than any
other manufacturer. Called the Model 900, their
drive has very few adjustments, and head pene-
tration is referenced to the body casting for ready
interchangeability of heads in the field. The
Shugart head is a proprietary design that uses
no epoxy in the recording gap area. Even under
extreme temperature variation, nothing can ex-
pand beyond the head surface to scratch the disc.
Most other manufacturers claim that this is not
a problem, as long as the drive is used within the
specified temperature limits—typically +10 to
+40 C.

Since the recording head is in contact with the
disc during operation, all drives provide a means
of unloading the head from the disc, either when
the disc is being put into or taken out of the
drive and during an idle condition. This is ac-
complished with a controller command to the
drive. This command is usually given if the dise
has revolved about five times without a read,
write or seek command. In most drives the pres-
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sure pad that holds the head to the disc is re-
tracted by a solenoid. In the Pertec drive, the
head is also physically retracted about 30 mils
from the disc.

The non-IBM world

Most popular of the non-IBM-compatible
drives is the 651 from Memorex. More of these
drives are in the field, says Keith Plant, director
of OEM marketing at Memorex, than all other
manufacturers’ drives with the exception of
IBM. The 651 uses a different type of disc than
the others. It appears to look the same, but it has
an 80% thicker coating than the IBM disc and
will wear longer. Also, it is permanently sub-
divided into 32 sectors, with holes spaced along
the dise. The maximum capacity of this disc is
2.1 Mb of formatted data. All other character-
istics of the drive are similar to the IBM-com-
patible drives.

Three drives are very different from all the
rest. They are made by Innovex; Dynastor, Den-
ver, and Intelligent Memory Systems, Newport
Beach, Calif. All three use heads that are not in
contact with the disc for long life. The Model 110
from Innovex uses a recording medium that is a
square plastic frame with coated Mylar stretched
across the frame. A circular section of the
medium is used as the recording surface. The
frame does not move; rather the head rotates in
a circular path over the surface. It also moves
in and out for random-access operation.

The head is moved by a rack-and-pinion
mechanism and rotates at 390 rpm for an aver-
age latency of 77 ms. The average access time
of this drive is 208 ms, with a track-to-track ac-
cess time of 6 ms. With eight sectors, the capaci-
ty of the drive is 1.22 Mb. This drive sells for
$620 in quantities of 200.

Plastic cartridge is used

Dynastor uses a plastic cartridge containing
a free-floating, thin Mylar disc. When the car-
tridge is inserted in the drive, the disc is re-
moved and spun up against an aluminum base
plate. The flying head is controlled by a servo-
driven, cable-pulley assembly to the proper disc
track. The disc is rotated at 3600 rpm for an
average latency of 8.33 ms. But the track-to-track
access time is 100 ms. However, the head can
move across the entire disc in 320 ms. The
data-transfer rate is 2540 bps. With 32 prefor-
matted sectors, the usable capacity of the disc
is about 2.2 Mb. In a single-drive configuration,
called the Model 30, the drive sells in 200 quanti-
ties for $650. In a dual-drive configuration, called
the 40, the price is $1115 for 200 units.

Similar in concept to the Dynastor drive is

ELECcTRONIC DESIGN 9, April 26, 1974

Two fly-head disc drives are contained in the Dy-
nastor Model 40, Each disc has 32 sectors and
can store about 2.2 Mb of data. The transfer rate
on this drive is 2540-k bits per second.

the Model 300 from Intelligent Memory Systems.
The difference is that while the Dynastor drive
uses a moving head, this drive is a fixed head-
per-track type. With 16 tracks and 32 sectors, the
capacity is 0.5 Mb. The average access time is
only 16.7 ms.

This drive, according to Kjell Hovik, vice
president of Intelligent Memory Systems, is aim-
ed at minicomputer real-time operating systems.
The entire drive consumes only 5 W of dc power
and 10 W of ac. The cost of the drive in 200
quantities is only $375. A version of the drive is
also available with up to three fixed discs.

All of the other non-IBM compatible drives are
similar to the Memorex 651 with a variety of
small improvements. One of the more novel fea-
tures is an electronic sectoring scheme from
Orbis. According to J. V. Howell, vice president
of engineering:

“We use the IBM reference hole to give us a
track start reference pulse, and we have a slotted
disc mounted on the drive shaft. The slotted disc
has 256 holes that can be sensed by an optical
coupler. Once the track starts, we count 128
pulses between every hole on the slotted disc.
This divides the disc into 32,768 pulses per revo-
lution. These pulses can be used to set any num-
ber or size of sector that is desired.” This feature
is an option on the Model 74 drive.

The floppy and the terminal joined

With the addition of a controller/formatter,
the floppy-disc drive can be married to an intelli-
gent terminal. The first terminal manufacturer
to do it is Sycor. Dieter Heidrich, director of
product development, reports: ‘“We have de-
veloped our own floppy-disc drive and married it
ta our 340 terminal. It is an IBM-compatible
drive that can accommodate two discs at once
with a fast 2.5-ms, track-to-track access time.” nm
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REMEX...

peachy keen peripherals
at plain vanilla prices

Peripherals unlimited, with unmatched price
performance. Remex delivers on this promise
with a complete lineup of advanced, reliable
peripherals to meet any minicomputer
requirement.

Punched tape? Remex is the leading
producer of P/T peripherals, with more
units of all kinds in service than any other
manufacturer.

Considering digital cassette? Remex puts
you ahead of the game with a complete line of
equipment and systems. Including the
world’s first Punched Tape Emulator, that can EMEX
turn any punched tape system into a high-

speed, high-capacity digital cassette tiger.

Floppy disk drives and systems? Remex
has 'em, ready to deliver.

If you know what you need, let’s talk delivery.
If you’re not sure what you need, talk to us
about the most efficient peripherals
approach. We have no axe to grind, because
we have them all.

Write or call Remex, 1733 Alton St.,

Santa Ana, California 92705. (714) 557-6860.
In Europe and the U.K., contact S.p.A.,
Microtecnica, Torino, Italy.

Versatile punched tape readout units

High performance digital cassette drives
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High speed punched tape perforator/reader combos

Complete floppy disk systems
World's first Punched Tape Emulator

A UNIT OF

XLO
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OUR CASSETTE RECORDER
WAS JUSTTOO GOOD TO KEEP

e

e S——

SYCOR INC

For complete product information—or for assistance with any design
or application problem you may have—contact OEM Department,
Sycor, Inc., Ann Arbor, Michigan 48104. Telephone (313) 971-0900.

Internationally represented by Munzig International in London,
Paris, Munich, and Geneva, and by STG International in Tel Aviv.

INFORMATION RETRIEVAL NUMBER 54
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TO OURSELVES.

We designed the Sycor
Model 135 cassette recorder
to stand up to the toughest
standards in the world.

Our own. For use in our
own Sycor terminals.

But when we finished,
we knew we had a cassette
recorder capable of meet-
ing a world of OEM and
other users’ needs.

The 135, for instance,
has a unique capacity for
record overwrite. You can
edit a complete data block
without disturbing the data
on either side of the new
record.

The 135 reads/writes
at a fast 12.5 ips with quick
starts and stops for high
throughput. A dual-gap
head gives it the capacity
for Read-After-Write verifi-
cation. And when you need
quick access to specific
data, it’ll search through a
cassette at a rapid 60 ips.

Every day, in 34 coun-
tries around the globe, over
20,000 Sycor cassette re-
corders prove their reliabil-
ity. Look into our Sycor 135
yourself. You’'ll find why
we found it too good to keep
to ourselves.

SYCOR
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For complete S190

data and/or sample switches,
visit the N.C.C. Show

C.P. Clare Booth No. 934-936
or call your closest
Clare-Pendar sales office:

ALABAMA
Huntsville: C. P. Clare & Co. (205) 534-5438

ARIZONA
Phoenix: Spectrum Assoc. (602) 997-6324

ARKANSAS
Fort Smith: J. R. Masterson (501) 646-7756

CALIFORNIA

Mountain View: C. P. Clare & Co.

(415) 968-2831

Santa Ana: Spectrum Assoc. (714) 835-4114
FLORIDA

Ft. Lauderdale: R. |. Smith Assoc.

(305) 772-5100

Largo: R. I. Smith Assoc. (813) 585-2980
GEORGIA

Atlanta: Austin Brown & Assoc. (404) 457-6381
ILLINOIS

Chicago: C. P. Clare & Co. (312) 262-7700

INDIANA
Ft. Wayne: Baehr Greenleaf & Assoc.
(219) 447-1608

KANSAS
Shawnee Mission: Lowell-Kangas Assoc.
(913) 631-3515

MARYLAND
Ellicott City: Doss Electronics, Inc.
(301) 465-1336

MASSACHUSETTS
Needham: C. P. Clare & Co. (617) 449-4780

MICHIGAN
Southfield: C. P. Clare & Co. (313) 356-3988

MINNESOTA
St. Paul: Repor, Inc. (612) 645-8618

MISSOURI
St. Louis: Lowell-Kangas & Assoc.
(314) 821-4050
NEW YORK:
Great Neck: C. P. Clare & Co. (516) 466-2100
Fayetteville: C. P. Clare & Co. (315) 637-3939

NORTH CAROLINA
Charlotte: R. W. Chapman & Co. (704) 525-2421
Raleigh: R. W. Chapman & Co. (919) 782-2624
OHIO
Cleveland: Baehr Greenleaf & Assoc.
(216) 221-9030
Cincinnati: Baehr Greenleaf & Assoc.
(513) 891-3826
Columbus: Baehr Greenleaf & Assoc.
(614) 486-4046
PENNSYLVANIA
Ft. Washington: C. P. Clare & Co.
(215) 643-5321
Pittsburgh: Foster-McClinton, Inc.
(412) 561-4803
Erie: Foster-McClinton, Inc. (814) 455-9111
SOUTH CAROLINA
Greenville: R. W. Chapman & Co.
(803) 232-5391
TEXAS
Dallas: Robert E. Nesbitt Co. (214) 357-4601
Houston: Gettys-Eads-Adair, Inc.
(713) 781-3005
VIRGINIA
Richmond: Advance Control Equipment
(804) 264-2588
WEST VIRGINIA
Huntington: Foster-McClinton, Inc.
(304) 736-5161
WISCONSIN
Wauwatosa: Larson Assoc. (414) 258-0529
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Rugged...versatile
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The S190 switchlight outguns
everything its size...costs only $1.62*

In every era, new products come along to keep the competition
honest, with all the cards on the table. So we invite you to com-
pare our S190 series with other switchlights. Check our variety
of lens colors and easy mount panel adaptors . . . our wide ter-
minal spacing for easy and fast wiring: solder, quick connect,
PCB...our no-tool lamp replacement, long life wiping contacts,
rugged molded case. Consider the low cost when you realize
that the S190, with its 2 Form C action, has greater circuit flex-
ibility than most switchlights on the market. And it's easily avail-
able at your local distributor! Call our sales office in your area
for applications assistance . . . we’re located in major cities,
world wide. Clare-Pendar Co., Box 785, Post Fails, Idaho 83854,
(208) 773-4541.

*In quantities of 1000
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Minis, minis everywhere,
when it comes to control
of industrial processes

Northe K. Osbrink, Western Editor

Without the minicomputer, computerized in-
dustrial process control might easily have re-
mained a novelty for rich corporations. The
large computers of the 1960s were expensive,
and they also had to be modified for process
control. Most companies were reluctant to use
them unless the machines could also be pro-
grammed to perform a variety of other plant
functions.

But what a difference a mini makes. Today
there are minis on the production line . . . minis
in the quality-control test area . . . minis in the
warehouse . . . hierarchies of minis. Not-so-ex-
pensive minicomputer systems are working ef-
ficiently in applications ranging from the control
of machine tools and oil and gas pipelines to
concrete and asphalt production and weaving
looms.

Two major classes of computers

There are two major classes of industrial
process control. The first is the traditional, con-
tinuous-flow process found in a chemical plant,
refinery, pipeline or power-distribution system.
The second, the intermittent (or step) process,
encompasses everything else—batch processing of
materials and production lines or, with a little
stretching, machine-tool control.

A computer finds very little difference be-
tween the various processes; much that applies
to one process applies to another. The differences
are in the hardware required outside the central
processor—the input/output interfaces, operator
interface and communications links.

The speed of a process computer is not as im-
portant as reliability, hardware and software
flexibility, the availability of software and pro-
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For harsh environments, Rolm minicomputers, pro-
duced to MIL specs, offer up to four times the
MTBF of commercial counterparts.

gramming languages, and I/0 interfaces.

In addition the process-control computer
should have power-failure protection and a pri-
ority-interrupt structure. The former assures
that the data and programming are not lost if
power is lost. The latter structure—either hard-
ware or software—assures the safe shutdown
of machines or processes in case of failure.

For testing and control jobs

One application of computers to industry today
is the automatic gauging and inspection station.
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In a high-capacity industrial plant, such a test
system can operate with little or no human
supervision. An example is the new Digital Tire
Uniformity Optimizer Computer System, de-
signed jointly by Electronic Associates Inc., West
Long Branch, N.J., and the Akron Standard
Corp.

The system force-tests tires, and it controls
the grinding of rubber from them to achieve
uniformity in the tires. The delivery of tires
from a waiting station, their testing, grinding,
grading, marking and delivery to a pick-up sta-
tion—all are guided by the computer. The com-
puter control is based on the Electronic Asso-
ciates Datapacer 16-bit mini, with 32 k of core
memory. All required test parameters and ma-
chine-control instructions are stored in software

production changes. With a computer in the sys-
tem either controlling the machines directly or
providing the program for the control, produc-
tivity rises. The program for any number of con-
trollers can be stored and recalled whenever
needed.

Lawrence W. Delong, product manager for
computer control systems at the Allen-Bradley
Systems Div., Highland Heights, Ohio, says:
“Our Model 1795 computer system can maintain
a parts program in its bulk memory and feed up
to 16 programmable controllers. The computer
can simultaneously monitor the machines for
parts counts, cycle times, machine failures and
jam-ups, and relay statistical data to a higher-
level computer. Perhaps most importantly, it can
also be used to perform parts-program editing

A Western Electric plant in Massachusetts uses a
DEC PDP-8 minicomputer to monitor and control
several coil-winding stations. The stations are

supervised by PDP-14 programmable controllers.
This is an example of the industry trend toward
the creation of computer hierarchies.

tables, so tires can be custom-fashioned to the
requirements of a specific automobile suspension.
In addition to testing tires, the system collects
and displays statistics on the results, enabling
changes to be made in the tire-production proc-
ess.

Computer control of industrial machines is a
direct outgrowth of digital numeric control,
which relied on hard-wired controllers or paper
tape readers. The computer-controlled system
eliminates the time and expense of paper-tape
generation and handling, as well as the need to
modify a hard-wired controller program to make
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and modification.”

A hierarchy of computers is formed when an
on-floor computer is used to deliver data to a
higher-level supervisory machine. The availabil-
ity of computers of varying sizes—inexpensive
and capable of collecting data from other com-
puters and sending data to them—has led to
increasing use of the computer hierarchy in in-
dustry. Ron Roberts, manager of special systems
marketing and development for General Automa-
tion, North Hollywood, Calif., explains:

“The technology of a computer hierarchy is to
have a direct link from a process [satellite]
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Designed specifically for industrial automation is
the Texas Instruments Model 960A minicomputer.
A wide selection of interface modules and a special
machine architecture are available.

computer to higher-level [host] computer—
which in many cases can be another mini. The
important thing is to reserve control of the ma-
chine or process locally, without. depending on
the host computer to control the process directly.
That way failures are localized. If the host com-
puter goes down, the satellite will keep the proc-
ess going. And, in some cases, if 'the process
computer goes down, the host can tell it where to
begin when service is resumed.”

One way to establish a computer hierarchy in
a plant that is automating gradually is to use
similar minis for both the satellite and host func-
tions. The satellite computers are installed first,
and when the amount of information handled
becomes enough to warrant it, one computer is
upgraded to a host function. F. G. Seeberger,
manager of manufacturing automation for Texas
Instruments, Houston Tex., notes:

“Some of our customers have had good success
using our Model 960 computers to automate an
industrial plant. First they use a single 960 to
control a simple task—but buy it with a dise, so
they have in-house software development capa-
bility. Then they add other 960s doing other
tasks, and finally upgrade the disc-equipped 960
to host—and replace its original position with a
new, smaller unit. The host computer has many
uses as a data collector, a real-time source of
factory information for management and also
for software development.”

In the Canadian Interprovincial Pipeline Net-
work, a Digital Equipment Corp. System-10 com-
puter acts as host to 44 PDP-8 minis. The latter
are at pumping stations along the 1900-mile oil
pipeline. Each mini controls several large pumps
and monitors flow, viscosity, station environment
and electricity consumption of the pump motors.
DEC says that a 30% savings in electricity use
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was achieved on the pipeline during the first
year of operation.

Minis go with the environment

Once the decision is made to use a computer in
industry, most engineers tend to worry about the
reliability and suitability of the minicomputer
in the traditionally severe factory environment.
The usual concerns are interface between com-
puters and operators, interface between the com-
puter and machines and the effect of electrical
interference, harsh temperatures and vibrations
on the computer.

The interface between process computers and
operators is almost universally CRTs or type-
writer terminals. As one engineer at Leeds &
Northrup, North Wales, Pa., explains it: “We
are using computer consoles with graphic re-
corders, CRTs and printers. Most factory per-
sonnel are readily able to pick up the operation
of a console—and we can provide a training pro-
gram if the customer wants.”

The discrete lamp-and-switch-control panel—
so long connected with industrial control—is not
very common in computer installations. Com-
puter and systems suppliers generally agree that
it is expensive to design custom panels for each
plant installation, and they are concerned about
possible excessive maintenance. In addition a
lamp panel does not provide for easy modifica-
tion if the system needs changing, and it displays
only a relatively limited amount of data. Com-
puters, on the other hand, can generate a great
deal of data and be modified simply.

Some industries still require the old panel
concept, though. Peter L. Andersen, director for
the Electronics Div. of Phoenix Engineers,
Orange, Calif., explains: “Our field is automat-
ing concrete and asphalt batching plants. We
initially tried to use a CRT terminal but had
to drop it. We discovered that many of the oper-
ators, with many years’ experience, were unable
to adapt to using a terminal. Also, many of
our customers wanted to minimize any retrain-
ing of operators. Now most of our systems have
operator-control panels, and the computer re-
mains practically invisible.”

Andersen does point out, however, that some-
times the display capability of such a panel is
too limited and he is forced to go to a computer
terminal.

Conversational English preferred

Another way to avoid confusing the operator
is to have the computer ‘““talk” to him in conver-
sational English. It’s easy to program a com-
puter to talk an operator through his process,
step by step, designers say. It takes a lot of
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Automated batching systems by Phoenix Engineers
are built around Cincinnati Milacron 8000-series

minicomputers. Phoenix adds its own interfaces
and software, using 8-to-24-k bits of memory.

memory space, but memory is cheap—certainly
cheaper than having to bring in an engineer to
run things.

The interface between computer and machine
has been greatly simplified by the large variety
of modules and corresponding software available
from mini manufacturers. Most computer sys-
tems will accept analog, TTL, HTL and various
switch-closure signals—both ac and dec. Most
manufacturers are well aware that noise may
get into the computer via signal inputs, and
many use optical isolation in their modules. Ac-
cording to Roberts of General Automation:

“Optical isolation is the modern solution to
receiving signals from electrically noisy environ-
ments. In the past we had to use complex filter
techniques. Through the use of signal condition-
ing and programming techniques, input signals
can be pulled through some very nasty noise.”

Environment no problem

Most minis—particularly that breed of rug-
gedized machine designed for industrial use—
can eagily stand up to industrial plant tempera-
tures and vibrations. And the elimination of
wired connections in the machines, as well as
better knowledge of materials and manufactur-
ing, has made them relatively dust and fume-
proof. As long as they are supplied with a flow
of air—even approaching their upper ambient
temperature limits—most will perform well.

In severe cases of power-line voltage fluctua-
tion or transients, it may be necessary to con-
dition the power line being fed to the computer.
Minicomputer power supplies are very tolerant
of line noises and voltage fluctuations, and
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modern digital circuit design makes computers
much less likely to “see” noise anyway. The
problems are usually associated with the power
fed to rotating peripherals, such as drum or
disc memories or tape drives. For that reason,
most industrial installations do without them

and rely on core memory when possible.

Energy conservation a new field

A new industrial market is emerging because
of the current interest in energy consumption:
energy demand and monitoring. In a typical case,
a large steel mill using arc melting furnaces buys
electricity at reduced rates, so long as its con-
sumption remains below a contracted level. As
soon as energy use in the plant approaches the
penalty level, a minicomputer produces an alarm
or shuts off loads. If the mini is fully supplied
with process information—what furnaces are in
what stage of their process and which are due
to be started and which stopped—the mini can
adjust voltages and timing to prevent the load
from exceeding the contract.

Terence K. McMahan, who has just completed
a survey of the process-control field for Frost &
Sullivan, market researchers of New York, says:

“The biggest buyers of process-control com-
puters will remain the petroleum and chemical
industries for some time—with the biggest
growth in the next 10 years being in nonferrous
metals and the paper industry.

“The mini has already taken over. With a few
exceptions, there will be no significant number
of computers as large as the IBM 1800 going in
—although the petroleum industry will make
some installations using IBM System/370s as
central computers.” =m
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Do you face
a make or buy

decision on

sower uppies2 BUY LAMBDAS LZ SERIES
MOUNTABLE POWER SUPPLY.

LZS-34
5V, 1400mA

$95

LZ-10 SERIES SINGLE OUTPUT

22" x3%" xR"”

VOLTAGE(®") CURRENT
MODEL vDC mA PRICE®)
LZS-10 3 317 $35
LZS-10 4 384 35
LZS-10 5 450 35
LZS-11 10 225 35
LZS-11 12 195 35
LZS-11 15 150 35

LZ-10 SERIES DUALTRACKING
OUTPUT

22" x3%"x %"

VOLTAGE(" CURRENT
MODEL vDC mA PRICE®
LZD-12 *15V 50 $35
2% x3%2" x1%"”
VOLTAGE(") CURRENT
MODEL vDC mA PRICE®
LZS-20 10 247 $55
LZS-20 12 268 55
LZS-20 15 300 55
*LZD-22 24 73 40
*LZD-23 24 129 55
*LZD-22 28 84 40
*LZD-23 28 143 55

*Single output ratings for dual output models connected in series

LZD-12
=+ 15V, 50 mA

$35

: LZD-35
§ +15V,300 mA

$95

LZ-20 SERIES DUALTRACKING
OUTPUT

212" x3%2" x 14"

VOLTAGE() CURRENT

MODEL vDC mA PRICE®
LZD-21 = 3 217 $55
LZD-21 =3 258 55
LzD-21 =5 300 55
LZD-22 =10 61 40
LZD-23 =10 112 55
LZD-22 =12 73 40
LZD-23 =12 129 55
LZD-22 =15 90 40
LZD-23 =15 150 55

LZ-30 SERIES SINGLE OUTPUT
2%” x3%" x1%"
VOLTAGE() CURRENT

MODEL vDC mA PRICE®™
LZs-30 3 633 $65
LZS-30 4 767 65
LZS-30 5 900 65
LZs-33 10 293 65
17533 12 336 65
LZS-33 15 400 65
LZs-34 3 950 95
LZs-34 4 1180 95
LZs-34 5 1400 95
*LZD-32 24 186 65
*LZD-32 28 208 65
*LZD-35 24 240 95
*LZD-35 28 280 95

*Single output ratings for dual output models connected in series



... PRINTED-CIRCUIT BOARD

LZ-30 SERIES DUAL TRACKING
OUTPUT

2%"” x3%" x 178"

VOLTAGE(") CURRENT
MODEL vbC mA PRICE(®)
LZD-31 =3 333 $65
LZD-31 = 4 417 65
LZD-31 x5 500 65
LZD-32 =10 163 65
LZD-32 +12 186 65
LZD-32 =15 220 65
LZD-35 =10 200 95
LZD-35 *12 240 95
LZD-35 =15 300 95
2%" x3%" x1%"
VOLTAGE®") CURRENT
MODEL vbC mA PRICE®)
5 500
LZT-36 =15 50 $70
NOTES: (1) LZ models are adjustable between the following limits; LZS-10

25to 6V LZS-11 8 to 15V  LZS-20 8 to 15V  LZS-30 2.5 to 6V  LZS-33
81to 15V LZS-34 25to 6V LZD-12 % 14.5 to == 15.5V LZD-21 = 25 to =+
6V LZD-22 % 8 to %= 15V LZP-23 * 8 to == 15V LZD-31 = 2.5 to = 6V
LZD-82 = 8to*x 15V  LZD-35 %= 8to == 15V  LZT-36 2.5V-6V for + 5V out-
put only, == 14.5 to == 15.5 for == 15V output only. Contact factory for current
ratings at voltage settings not indicated in the tables. (2) All prices and
specifications are subject to change without notice.

SPECIFICATIONS
FOR LZ SERIES

Regulation
0.15%—line or load; models LZS-10, LZS-30, LZS-34, LZD-21
and LZD-31 have load regulation of 0.15% + 5mV; model
LZD-12 has line or load regulation of 0.25%; LZT-36 line regu-
lation 0.15% (+5V) 0.25% (=15V); load regulation 0.15% +
10mV (+5V), 0.25% (*£15V).

Ripple and noise
1.5mV RMS, 5mV, pk-pk

Temperature coefficient
0.03%/°C

Overshoot
no overshoot on turn-on, turn-off, or power failure

Tracking accuracy
2% absolute voltage difference for dual output models only
and only for the =15V output in LZT-36; 0.2% change for all
conditions of line, load and temperature

Ambient operating temperature range
continuous duty from 0°C to + 50°C

Wide AC input voltage range
105to 132 Vac, 57-63 Hz

Storage temperature range
—25*C to+852C

Overload protection
fixed automatic electronic current limiting circuit

Input & output connections
printed circuit solder pins on lower surface of unit. For model
LZT-36 the = 15V outputs are independent from the 5V output.

Controls
screwdriver voltage adjustment over entire voltage range.

Mounting
tapped holes on lower surface

Physical data
Size Weight

see tables LZ-10 series 10 oz. net 18 oz. ship.
LZ-20 series 17 oz. net 25 oz. ship.
LZ-30 series 24 oz. net 32 oz. ship.

60-day guarantee
60-day guarantee includes labor as well as parts

LZ SERIES NOW AVAILABLE
IN NEW TRIPLE OUTPUT MODEL

VOLTAGE(") CURRENT
MODEL vDC mA PRICE(?)
5V 500
LZT-36 $70
*15V 50

1 DAY DELIVERY
60 DAY GUARANTEE

LAMBDA

ELECTRONICS CORP
A (@ Company

MELVILLE, NEW YORK 11746 515 Broad Hollow Road Tel. 516-
694-4200 ARLINGTON HEIGHTS, ILL. 60005 2420 East Oakton
St., Unit Q Tel. 312-593-2550 NORTH HOLLYWOOD, CALIF.
91605 7316 Varna Ave. Tel. 213-875-2744 MONTREAL, -
QUEBEC 100C Hymus Blvd., Pointe Claire, Quebec 730 Tel.
514-697-6520 HIGH WYCOMBE, BUCKS, ENG. Abbey Barn
Road, Wycombe Marsh Tel. High Wycombe 36386/7/8 ORSAY,
FRANCE 91 Gometz le Chatel. ACHERN-FAUTENBACH, W.
GERMANY Im. Holzbosch 14 Tel. 078-41-5527
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The case for
Liquid Crystal Displays

Liquid crystal displays; light emitting diodes; incandes-
cent and flourescent displays and “Nixie” tubes are
popping up frequently in circuit designs as the trend to
digital readout continues. Each has a purpose and the
design engineer should become familiar with all types.
We make liquid crystal displays.

The display of the future?

Our display is a sandwich of two plates, joined and
hermetically sealed at the perimeters. A space of about
.005” separates the plates, and this is filled with

a nematic liquid crystal solution.

SEGMENTS
CONTACTS ECNN

CONTACT TO SEGMENT
LEAD~IN

BACK PLATE

FRONT PLATE FLUID

When the liquid is not electrically excited, its long,
cigar-shaped molecules are parallel to one another in a
position perpendicular to the plates. Thus, the liquid
appears transparent. Applying an electric current
creates ion activity which leads to turbulence and
causes the liquid to scatter incident light. The visual
effect is that of a frosted glass. LCD’s can be made
completely transmissive for back-lighting, reflective for
ambient light or semi-reflective for dual mode operation.

I2:H3:5h

Vz/

S ——
i §
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Producing an image — digital or other — simply
requires a conductive surface the shape of the desired
image on the glass plate toward the viewer. Current
flowing from the conductive image on the front plate
through the crystal liquid to the common-ground back
plate causes the liquid to change from clear to a frosted
appearance in the current-carrying area.

These images are almost always in the form of seven
segments that make up the numerals 1 through 0.
Energizing the proper segments produces the desired
numerals. Lead-ins connect the segments to external
contacts on the sandwich (display).

Consider the advantages.
Liquid crystal displays have a number of distinct

advantages. Simplicity is the reason for several of these.

The elements are few and passive — very little
can go wrong with an LCD and this means
reliability and long life.

Simplicity means low cost, too — lower than that of most
comparable displays. Packaging costs are low because
LCD’s can be driven directly by MOS and C/MOS circuits.
In our dynamic scattering displays very narrow character
widths are possible and still provide a good viewing angle
— 60 degrees in many cases.

Low power consumption makes the LCD a logical choice
where power limitations rule out other display types. Watch
type LCD's use only 30 » W, for example, with all segments
energized at 15 volts.

LCD’s offer the greatest flexibility of any display type.
Several standard displays are immediately available from
Hamlin’s stock. Special displays with virtually any type

of image can be produced with surprisingly low preparation
or “tooling” cost. Because of the LCD’s simplicity, lead
time on specials is only a matter of weeks.

A few limitations.

LCD’s have limitations, too. Operating temperature range
is one. Liquid crystals slow down and may even cease

to function at temperatures below 0°C. Above 50-60°C,
crystals go into solution and will not function normally.

DYNAMIC SCATTERING
Electrical charge rearranges the
molecules, which scatter the light.

- 4 z& &v.k
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Regularly reflected light
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Molecules

Mirror

Extremes do not damage LCD’s. Once the temperature
returns to normal, operation is automatically resumed.

LCD’s do not generate light, and they are somewhat
difficult to read under low ambient light conditions. (Side or
back lighting can remedy this.) Visibility under medium

to high ambient light conditions is excellent.

In the majority of display applications, MOS and C/MOS
compatibility, reliability, flexibility and low power
requirement are important considerations. No other display
type can match the liquid crystal display on these jobs.
They could become the display of the future. And that’s the
case for the LCD. For specification and application data,
write Hamlin, Inc., Lake Mills, Wisconsin 53551. Or call,
414/648-2361. (Evaluation samples are available at
moderate cost.)
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When the questions
are about enclosures,
Optima |1 beautiful answers.

Whether packaging small, digital
multimeters or a huge, commu-
nications center, you need
enclosures with structural in-
tegrity, access, and versatility.
Doing their job and doing it
well.

How do you get them? Con-
sider the alternatives...job
shop?...in-house construction?
...a manufacturer? To decide, it
is important to ask the right ques-
tions and get the right answers.

Sales Appeal

The first ten seconds of display
foran electronics unit focus simply
on its style, color and finish. They
won't break a sale—the equip-
ment inside does that. But they
can sure help make one.

e Is an industrial designer with
packaging skills involved?

e Can you get the superior vinyl
finishes so much in demand
today? Or woodgrains? Or spe-
cial textures?

e Is a total range of designer
colors on hand?

Versatility

An important sales tool is the
ability to adapt to the changing
needs of a client.

Other Scientific-Atlanta Inc. Divisions are =«
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Cable Communications

e Does a source offer hundreds of
configurations to choose from? If,
for instance, your client is think-
ing vertical rack, but wants the
operator seated, can you offer a
console-desk?

e Does a client need a ventilating
grille? a blower? stabilizers?
Wouldn’t drawer slides help his
operations? What about writing
surfaces, storage areas, drawers,
casters? Are they in production,
on line and ready to go?

Customer Service

Are your own needs being
served?
e Can you get personal service
from engineers, designers, and
production people?
e Can you get special applications
assistance?
e Does your source have a
knowledgeable customer-service
representative?
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The Optima Line

Our line of enclosures for

electronics is the product of

finding good answers to

tough questions. Whether

your question is component

access, cooling, special

applications or new product
development and even safe
shipping —we're ready!

Ready with Small Cases in 24
sizes from 133.6 to 1445.4 cubic
inches; Instrument Cases and
Racks in 124 sizes for 19- and 24-
inch panels; Desk Consoles which
are adaptable systems of instru-
ment housing, counter and stor-
age space; and the unique
combination of chassis and case-
Optima 17.

Computer scheduled manufac-
turing assures you of top quality
control. We finish each unit in-
side and out with rugged vinyl
and assemble them for final
inspection—including most
options and accessories —right at
the plant.

Optima is the best answer. No
question about that.

Write Optima Enclosures, 2166
MountainIndustrial Blvd., Tucker,

Ga. 30084 or call
(404) 939-6340. OHIMA

¢ Instrumentation e Electro-Systems e Southern Tool and Machine ¢ Security
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Optical data systems
find a niche in the world
of fast, fast computing

Jules H. Gilder, Associate Editor

Optical techniques for storing, processing and
retrieving data are turning up in computer sys-
tems, spurred by demands for larger memories
with faster access times and more rapid process-
ing of data. Noise immunity and data security
have also prompted interest in optics.

Although some optical data systems are com-
mercially available today, work on optical com-
puting is still confined to the laboratory, for the
most part.

Development is proceeding in three major
areas: memories, processors and peripherals.
Optical storage of digital information promises
significant improvements in capacity and access
times over magnetic discs and tapes, which are
currently used for mass storage.

According to Di Chen, a scientist at Honey-
well’s Corporate Research Center, Bloomington,
Minn., magnetic discs and tapes will continue to
dominate the mass memory area into the late
1970s. But by then, he goes on, they will reach
the saturation point, and new storage tech-
nologies will be required to supplement or re-
place them. Optical memories promise to have
capacities and costs equal to those of discs and
tapes while achieving speeds that approximate
those of random-access memories.

Two major techniques used

Two techniques are being used to store optical
data: the bit-by-bit method, which reads out in-
formation serially, and the page method, which
outputs information in parallel.

The bit-by-bit method is easier to implement,
and a commercial system of this type is already
available. It is known as the System 190 Laser
Mass Memory and is produced by Precision In-
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Data beams in this holographic memory from RCA
are produced by diffracting laser light off a holo-
gram on which data are stored.

struments, Palo Alto, Calif.

The System 190 is an improved modular ver-
sion of the company’s earlier Unicon 690, a
trillion-bit memory developed for the Illiac IV
computer. The 190 uses a laser to write on a
nonerasable storage medium and offers a packing
density of over 20 million bits per square inch.
This high packing density gives a memory that
has a lower cost per bit than any other today—
0.0001¢ per bit. Another advantage of the 190’s
high packing density is that it requires about a
tenth the storage space of conventional magnetic-
tape systems.

The storage medium for the laser memory is
a rhodium-coated Mylar data strip. Information
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Optical memories like this one from Sperry Univac
are being designed to store up to 10Y bits of in-

formation. When completed, it will have an access
time of between 1 and 10 us and no moving parts.

is stored when a precisely focused laser beam
vaporizes minute holes in the metallic surface
of the data strip. The laser is modulated so that
it is turned on to burn a hole for writing a ONE
and turned off for a ZERO. The holes in the data
strip change the strip’s reflectivity and thus make
it possible to read out the stored information.

While the 190 memory offers many advantages,
it suffers from the fact that it uses a nonerasable
storage medium. Efforts to overcome this prob-
lem are under way at several companies. One
approach being developed at IBM’s Research
Div. in San Jose, Calif., uses a rotating glass
disc covered with a thin thermomagnetic film.

According to Byron R. Brown, one of the de-
velopers of the IBM system, this approach yields
a memory that is similar to the standard disc
memory. The results of recent experiments, with
the reversible thermomagnetic film, notes Brown,
indicate that rotating optical memories with
storage densities of 10° bits/in* and data rates
from 10 to 25 Mbits/sec appear feasible. By
combining these new materials with an improved
high-track-density servo system, IBM says it can
build an optical file with 1 Gbyte of storage per
surface on a 14-inch disec.

In explaining how the thermomagnetic optical
memory works, Brown notes that the material’s
magnetization is initially all in one direction—
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normal to the plane of the film. To write in
information, the magnetization is reversed locally
by application of a thermal pulse—produced
by a focused laser beam—and a gross magnetic
field that is opposite to the initial field in the film.

To read out information, Brown continues, the
same laser beam, operating at reduced power, is
used to detect a rotation of the plane of polariza-
tion of the light. This rotation of light is known
as the Faraday effect, and it results from the
local reversals in the magnetic field.

Unlike most other approaches to laser memo-
ries, the IBM uses semiconductor lasers that are
batch-fabricated in linear arrays. Twenty lasers
per array on 100-micron centers are being used.

Brown notes that the IBM memory approach
offers the potential of permanent, nonvolatile,
semireversible, high-resolution digital data stor-
age. But, on the negative side, the commercial
magnetic recording densities are already over
8 x 10° and projected to go to 3 x 107, he says.
An optical storage system would be attractive
only if it could achieve a density of about 6.25 X
10® bits/in®. The reason, Brown explains, is it
would then be possible to fit a memory with a
capacity of 10'* bits on a recording surface of
only 1 m?

Because the bit-by-bit system is less sophisti-
cated than the holographic memory, it is gener-

127




In holographic memories, serial electronic data are
converted to parallel optical data and recorded on
a holographic storage medium (a). When illumi-

ser, the hologram generates data
:ams are then sensed by a photo-

ally believed that the bit-by-bit memory will be
widely available first. However, the holographic
memory appears to be the goal of most develop-
ers of optical memories, because it offers higher
speed and redundancy of data.

Holographic approach studied

In the holographic memory a page composer
converts a block of data consisting of thousands
of bits into optical form. The page composer con-
sists of an array of light valves that are opened
and closed, depending on the value of each bit.
Once the valves are set, a laser beam is applied
to the light-valve array. The valves that are open
form multiple data beams that strike the holo-
graphic storage medium, along with a reference
beam, to create a hologram. Since the resulting
holograms are small, a new block of data can be
recorded simply by repetition of the process on
an unexposed area of the storage medium.

According to Honeywell’s Chen, a holographic
memory with a capacity of 10? to 10'° bits and
page-access time of 10 usec should be possible.

To retrieve information that has been stored
in a hologram, a laser beam is allowed to strike
the hologram. This causes multiple data beams
to be diffracted from the hologram. These beams
pass through the readout optics and are focused
to form an array of bright spots that coincide
with a photodetector array and that represent
the stored data. Each light spot activates one
detector element, and the element converts the
optical signal into an electrical one.

To get the information in serial form—the way
it was originally entered—the detector elements
are sampled by a shift register.

A big plus for holographic memories is this:
Since each data bit is mapped into a plane
grating pattern on the hologram, a slight mis-
registration of the hologram does not alter the
alignment of the data spots relative to the photo-
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de ray. This means that high positional
acoi: s not required for addressing. Another
adv > of the holographic technique is that
infor1 - on loss due to dust, scratches or other

imperi _tions in the storage media is eliminated.
Since each data bit is recorded over the entire
hologram area, small imperfections on the holo-
gram will only result in a slightly lower signal-
to-noise ratio for all the bits, instead of the com-
plete loss of some of them.

About a year ago two experimental read/write
holographic memories were introduced—one by
RCA, the other by Harris-Intertype Corp. The
RCA unit stores 1000 bits of information on
1000 pages, for a total storage capacity of about
a million bits, while the Harris device stores 16-k
bits of information on 25 pages, for a capacity
of 400,000 bits. Except for the size and number
of pages, both systems appear to be similar.

Both use a thermoplastic medium to store the
holographic image instead of photographic film,
and both are working models. One noticeable
difference between the two is the page composer.
In the RCA memory, liquid-crystal cells act as
the light valves for the page composer; in the
Harris unit a ferroelectric ceramic material is
used.

According to Wilber C. Stewart, a researcher
at RCA’s Sarnoff Laboratories, Princeton, N.J.,
much development work must still be done before
a holographic. memory becomes practical for
mass-storage applications.

“It’s easy to build a 1-million-bit memory with
a 3-to-4-second cycle time, but a lot tougher to
build a memory of 10 or 10'* bits with a cycle
time of 10* to 10 seconds,” he says.

Stewart notes that there are five critical areas
that must be developed before holographic mem-
ories become a reality. The first need is for a
reliable laser in the 200-mW-to-1-W power out-
put range. The only laser with that power today,
and in the right frequency range, is the argon-
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Holographic data retrieval unit frc
to read data stored on 35 mm
holographic recorder is used to stc

Optical processors can filter, convolute ana cor-
relate analog signals after the signals have been
converted to the optical domain.

ion. But it has very poor reliability.

Another need is for a large-capacity—10° bits
—laser-deflection system. Stewart indicates that
acousto-optical deflectors will probably do the
job nicely.

One of the most important needs—and prob-
ably one that will require the most work is the
page composer. It must be fast and have many
elements. Lowell D. Overvold, product marketing
manager for Harris’ Electro-Optics Operation,
indicates that PLZT, a ferroelectric ceramic,
looks promising but that there are still some bugs
to be worked out. One of the problems, he ex-
plains, is that PLZT is not a uniform material
and not readily available. Stresses caused by the
nonuniformity of the material have caused break-
age and made it difficult to construct large light-
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Jve arrays for the page composer.

Two other important needs are the photo-
stector array and a reversible holographic stor-
re medium. It is generally conceded that present
licon technology will be sufficient to fabricate
1e photodetector arrays. In the area of storage
1ediums, the most promising material seems to
e a thermoplastic-photoconductor sandwich.

In use, such a sandwich is initially charged
rith a corona discharge to a potential of several
wundred volts. The photoconductor alters the
yotential across the thermoplastic in proportion
0 the light intensity, and the resulting differen-
dal electrostatic forces cause the thermoplastic
to deform when it is heated. The deformations
are a replica of the original light pattern, and,
upon cooling, the pattern is stored as a phase-
relief hologram. Erasure, when desired, is ac-
complished by heating the thermoplastic to a
temperature somewhat higher than that used for
writing. Once erased, the thermoplastic may be
used over again. The principal disadvantages of
this material are its slow record and erase times
and its limited recycling capability.

While RCA’s Stewart maintains that it will
take at least 10 years to complete all the develop-
ments needed for a good commercial optical
memory, Harris’” Overvold says that one will be
commercially practical in only two years. This
will be made possible, he says, by use of a special
human-readable/machine-readable holographic
memory. Prototypes of the memory use standard
4-by-6-in. microfiche cards to store information.

This digital-storage concept consists of 60
images arranged in five rows of 12 images that
contain human-readable data plus a 6.4-mm-wide
strip of one-dimensional holograms recorded
along an unused portion of the title block of the
microfiche. This hologram contains 2.5 Mbits of
data, which is the encoded equivalent of 60
pages.

The memory can also operate in a machine-
read-only mode, in which case the storage ca-
pacity is increased to 37 Mbits. An unusual as-
pect of this system, and one of the reasons for its
early availability, is the fact that it doesn’t re-
quire a page composer. Instead the system com-
putes the Fourier transform of the block of data
to be stored and uses a laser scanner to record
these data as a one-dimensional synthetic holo-
gram. The input data rate to the system is fairly
low—250-k bits/sec—and thus there is enough
time to calculate the Fourier transform. Data are
read out of the memory at 500 kbits/sec.

When this holographic memory is interfaced
with an automated storage and retrieval module
capable of holding between 100,000 and 600,000
microfiche films, it is possible, says Overvold, to
construct a mass memory capable of storing be-
tween 4 x 10 and 2.4 x 10'% bits of data. Such
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a system would be competitive with other mass
memories, such as the one made by Precision In-
struments.

A (different optical memory technique is used
by Opto-Logic Corp. of Long Beach, Calif. Its
approach involves the use of multiple incoherent
light sources, a removable information storage
medium for discrete bit patterns and an area
photodetector array for the output device.

The storage medium in the Opto-Logic memory
is a photographic slide that has a high-resolu-
tion, silver halide emulsion, reports Albert S.
Jackson, the company’s president. Each slide, he
says, contains up to 1024 pages of information.
The information may either be in the form of bit
patterns or actual characters. A separate LED
is associated with each page, and when the LED
is energized, it projects the entire contents of
the page onto a photodetector array.

For an information-retrieval device, such as
a read-only memory, the stored pages are selected
one at a time when a single LED is addressed.
Each of the 1024 pages contains up to 288 bits
of information, for a total storage capability of
294,912 bits. The access time for this memory is
80 ns.

Optical systems speed processing

Not all of the computer-oriented optical sys-
tems are memories. Optical data processors are
being developed with a potential for exceeding
substantially the data-handling rates of the
fastest digital computers.

The reason optical processors are so promis-
ing, notes IBM’s Brown, is that they are par-
allel devices. With optical processors, he explains,
it is possible to process simultaneously an entire
frame of imagery—whether it contains a hun-
dred bits or a million bits. This contrasts with
electronic systems in which information is pro-
cessed sequentially, bit by bit or in some cases
a few bits at a time. To deblur a photograph of
reasonable quality with a digital computer takes
an hour. To do the same thing with an optical
processor takes only a second.

The high speed of optical processors does not
mean, however, that they will replace digital
computers completely, most designers believe.
Optical computers, they say, will be used only in
special applications, particularly those involving
some sort of imagery. Two of the major applica-
tions are in pattern-detection and recognition
and image deblurring. These applications are
based on the fact that a simple coherent optical
system can produce the Fourier transform of an
arbitrary two-dimensional function and allow a
wide class of spatial filtering operations.
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In pattern recognition an optical matched
spatial filtering system offers a number of ad-
vantages that apply both to two-dimensional and
multichannel, one-dimensional signals. Such a
system performs a cross-correlation across the
entire input field simultaneously, without scan-
ning.

Pattern detection is performed independent of
the location of the signals. The locations are
preserved in the detection process, and thus cor-
relation peaks in the output plane are geo-
metrically related to the positions of the signals
in the input.

Pattern recognition with an optical processor,
for example, can be used in aerial reconnaissance
to automate several routine photo-interpretation
jobs. These include the elimination of badly
focused, improperly exposed or cloud-covered
imagery. In addition the processors can be used
to detect automatically signals of interest and
to establish a list of frame and location priori-
ties for the photo-interpreter to investigate in
greater detail. Pattern recognition also has ap-
plication in word and character recognition. A
hologram of a word or character is made and
used to search an entire page of print. Correla-
tion peaks appear in the output whenever the
word or character is present.

In image deblurring, optical processing makes
it possible to remove the characteristic contrast
inversions that result from a blurred image. This
technique can be applied to images that have
been improperly focused or to images that have
been blurred by movement or even lens imper-
fections.

Other applications of optical processing in-
clude fingerprint recognition, cloud-movement
analysis and photographic mapping. In fact, op-
tical processing is useful in most operations that
require correlation of two or more two-dimen-
sional patterns.

While the optical processor offers the possi-
bility of ultra-high-speed processing, much work
remains to be done on the interfacing of circuits
for the optical computer. At present the optical
processor’s speed is limited by the ability of inter-
facing circuitry to input and output data.

Fiber optics looks for a place

In the realm of digital computers, fiber optics
is being used in peripherals and data communica-
tion. One example of peripherals is the Memorex
1603 Microfilm Printer, which combines fiber-
optic bundles with light-emitting diodes to pro-
duce a device with a printout rate of 10,000 132-
character lines per minute. This is nearly 10
times the speed of the IBM 1403 or 1443 print-
ers, with which the 1603 is designed to be used.
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Image enhancement was used on photographs
taken by the Mariner 9 spacecraft. The raw photo-

B

graph (left) of Mars surface becomes clearer after
only five minutes of computer enhancement.

Digital signals in the 1603 are applied to com-
binations of diodes by an electronic translation
matrix. Pulsed light from the LEDs is trans-
mitted through the fiber-optic strands to produce
a display of alphanumeric characters that is
used to expose the microfilm.

In data communications, fiber optics is pro-
viding isolation—and thus eliminating electrical
noise and ensuring data security. James Mills,
marketing manager for the Quadri Corp. of
Phoenix, Ariz., says his company’s Opticable can
be used to transfer computer data over short
distances.

Opticable congists of a fiber-optic bundle with
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a transmitter and a receiver attached to opposite
ends of the bundle. Data in electrical form enter
the transmitter at one end and drive a LED. At
the other end of the cable, a photosensor detects
the light pulses and converts them back to elec-
trical pulses. The system is TTL-compatible and
requires a 5-V power supply at both ends. The
data-transmission rate of the cable varies with
length from 0.9 MHz for 100 feet to 5 MHz
or better for 10 feet.

Since optical cables do not radiate energy and
cannot be easily topped, they are used in ap-
plications where data must be transferred se-
curely. s
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The Place of Clad Metals

IN Electronics

The Gold Saver-|

As the price for an ounce of
gold climbs, it becomes increas-
ingly important to utilize this pre-
cious metal in the most efficient
and economical manner.

One of the ways to save gold
is to use clad metals. TMI special-
izes in stripe-inlay, overlay, and
all types of solder cladding. Part
| deals with the first method.

Clad Metals (Stripe-inlay)
Stripe-inlay cladding imbeds

a stripe, or several stripes, of pre-

cious metals such as gold, silver,

brazing alloy, or any

non-refractory metal

in a base metal with

top surface of the

inlay flush with the

base metal A permanent bond be-

tween the two materials is obtained

by rolling under high pressure in

a bonding mill.

Cladding vs. Plating

There is no single answer to
which process (cladding or selec-
tive plating) is superior. From a
design point of view, cladding
has these advantages:

1.1t is a wrought sur-
face with a fully
dense, non-porous &%
layer, offering su- Meral
perior wearability.

2. Alloys of various elements can
be used.

3. It has superior formability per-
mitting forms or dimpling with-
out fracturing the clad surface.

4. Cladding is free of high surface

stresses which can cause ex-
cessive spring-set.

5. A greater range of precious-
metal thickness is possible.

6. Cladding is almost always lower
in cost than overall plating.

i3

Science is simply common sense at its best — that is, rigidly
accurate in observation, and merciless to fallacy in logic.

What Karat Gold?

Perhaps the most significant
cost savings can be achieved by
using a lower karat gold. Histor-
ically, the 24-karat gold has been
used for contacts simply because
it was available for plating. Clad
metals, however, have opened up
the opportunity of utilizing alloys
having a lower percentage of gold
without sacrificing design require-
ments,

The most frequently used gold
combination is the 18-karat gold
(75% gold and 25% silver). Re-
cently, however, there has been
a trend toward even lower karat
gold such as 16, 14, and even 12.
Savings are really two-fold: gold
costs less if you use less, and
since the alloy combinations
weigh less they cover more area. As

an example: 18-karat ww
Gold Cost
Per Volume
63
54
45

gold offers about a
24K 18K 16K 14K 12K

37% gold reduction
(compared to 24-
karat gold) when tak-
ing the lower weight
of the alloy into con-
sideration in addition
Just how low a karat gold is
practical depends upon the par-

to the cost of gold.

— T. H. Huxley

conditions, amount of current,
number of cycles, and type of
wiping action. It seems probable
that a large number of applica-
tions in the electronics industry
would perform satisfactorily with
a 14-karat gold.

Dimensions

In addition to the karat gold
used, there is another area that
permits considerable savings: the
thickness and the width of a stripe.

Thickness can range from
.00002” up to one-third of the base
metal thickness, with a standard
tolerance of =10%. The present
methods for testing thickness in-
clude metallography, betascope,
weight loss, or etching away base
metal. It is important that there
is an agreement on the method
of testing.

The width of a stripe needs
to be no larger than the actual
contact area. There is no fracture
or peeling while forming or bend-
ing in the clad area. This helps
to further save gold by avoiding
excessively wide stripes.

Write for our '‘Handbook for
Clad Metals’ containing compre-

ticular application. There are hensive information for design
several factors that play an im- purposes.
portant part, such as corrosive
PRECIOUS METAL ALLOY GUIDE
Designation . Nominal Composition Density
T™I Other Wt. % Essential Elements T. 0z./cu. in.
101 24Kt. Gold 99.99 + Au 10.18
102 18Kt. Gold 75 Au, 25 Ag 8.41
103 16Kt. Gold 67 Au, 33 Ag 7.96
104 14Kt. Gold 58 Au, 42 Ag 1:52
105 12Kt. Gold 50 Au, 50 Ag 7.16
106 — 72 Au, 26.7 Ag, 1.8 Ni 8.20
107 W.E. #1 69 Au, 25 Ag, 6 Pt 8.39

25 Holden Street

Tel: (401) 272-4343

INFORMATION RETRIEVAL NUMBER 59

TECHNICAL MATERIALS.,INC.

Providence, Rhode Island 02908
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Now you can intermix
low level, high level and
slmulianeous sample & hold inputs
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With ampllfler-per-chcnnel System 620

| SYSTEM 620.
| ABETTER MOUSETRAP |

In less than 2 years, our
amplifier-per-channel System
620 has become industry’s most
popular high speed data
acquisition system. Today,
thousands of channels are per-
forming reliably in the field. In
scores of applications from
Turbine Engine Test to Earthquake
Engineering. Now System 620 is
even more flexible than before.
With 3 input amplifier options, four
analog-to-digital converters and
several computer interfaces to
choose from. So here’s the latest
chapter on System 620, the new
approach in data acquisition.

LOW LEVEL ';
AMPLIFIERS ‘

Our field proven low-level
differential amplifiers are perfect
for strain gages & thermocouples
since transducer signals are
isolated right at the source. Our
specs are impressive, too. With gain
accuracy of 0.01%, 2 microvolt
stability and 120 dB common mode
rejection. More protection, too. If one
channel gets wiped out by an
overload, the rest don't feel a thing.

il CONTROL LOGI

AcTIVE [
FILTER

a
| NEW HIGH LEVEL }

i AMPLIFIERS

Since high gain isn’t always
required, we've added an amplifier
option which, for just $80 a channel,
provides system gain of 1 to 400.
That's more than adequate for many
applications. Yet, retains all the
features of our low-level amplifiers.

| NEWSIMULTANEOUS |
SAMPLE & HOLD ,
AMPLIFIERS ‘f
Low level sample & hold
amplifiers are absolutely necessary
in applications such as transient
and vibration analysis, where data
must be grabbed in a few
nanoseconds or time correlation of
data is important.
Low level, high level and
sample & hold amplifiers can be
freely intermixed in System 620.

INFORMATION RETRIEVAL NUMBER 60

And each amplifier in the
system includes an active low
pass filter with selectable cutoff
frequency. Another important
point. Continuous analog output
is available on all channels.

r
; FOUR ADC OPTIONS )

System 620 now has four
analog-to-digital converters to
choose from. If you need high
accuracy, we can give you 14 bits at
20kHz. In most systems our
economical 12 bit, 10 kHz analog-
to-digital converter will suffice.

Or if higher speed is your need,
specify 12 or 15 bits at 50 kHz.

LS s i S R SR e s,

COMPUTER INTERFACE W

System 620 has been interfaced
with a number of computers, both
large & small. Interface hardware
and software is available for most
popular computers.

For the up-to-date story on
System 620 — the new approach to
data acquisition — phone or send
for our brochure today.

1088 E. Hamilton Rd., Duarte, Calif. 91010
Tel. (213) 357-2281 TWX 910-585-1833
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Now AVX offers the CKR08 with 2 mfd capacitance
in just 40% more space than a 1 mfd capacitor. It's a
2 mfd standard with all the advantages of ceramic dielectric.
The advanced design of the AVX CKRO08 helps make
your conceptual circuitry a reality faster. AVX :
provides you with the ceramic capacitors needed for
tomorrow’s designs today.
When you need ceramic capacitors, AVX delivers the
quantities you need up to spec, on time and within budget.

For complete information, write AVX Ceramics,
P.O. Box 867, Myrtle Beach, S.C. 29577.
Telephone: (803) 448-3191. TWX: (810) 661-2252.

i AV/A

THE CERAMC CAPACITOR MANUFACTURER]
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CURPUTER"?L

Shortages of components
forcing engineers to alter
their thinking and designs

Dick Turmail, Associate Editor

Component shortages have created additional
respongibilities and longer working hours for
computer engineers.

A spot check by ELECTRONIC DESIGN shows
that the computer designer must now:

m Spend more time with his purchasing de-
partment or in the marketplace to know what
components are available.

= Use more substitutes—for example, TTL is
continuing to replace DTL, and medium-scale in-
tegration is supplanting the older and simpler
ICs.

® Design many of the same components into
different products so that his shortages won’t be
as widespread.

= Be more suspect when testing new compo-
nents, because high demand often means faulty
production.

= Travel more to meet suppliers’ engineers
personally to discuss new and substitute com-
ponents.

Although computer makers have had to extend
their lead times well beyond their usual limit,
most are weathering the storm of component
shortages by extra planning, the survey found.

Dual and triple-sourcing now

Some computer component users who formerly
specified a vendor when ordering from distribu-
tors are now dual-sourcing and even triple-sourc-
ing their components. They list metal-film re-
sistors; ceramic, aluminum foil and electrolytic
capacitors, and digital ICs as the hardest com-
ponents to find.

Single-sourcers feel they’ve built up a reser-
voir of good feeling with their suppliers, many
reporting that their practice of never going back

136

ELECTRONIC DESIGN 9, April 26, 1974



for a second bid, ordering in quantity and well
in advance, and paying on time is paying off.

As for the component suppliers, they are no
longer waiting to see what will happen to the
economy as they did a year or so ago. Lead times
on ICs and resistors are beginning to soften now,
mainly because suppliers have been investing
heavily in production equipment to meet the de-
mand. Some suppliers report shortages of raw
materials, including copper, plastics, ceramics,
resistor wire and gold-plated leads. But on the
whole, the spot check shows, shortages have oc-
curred mainly because suppliers failed to gear
up for the demand, rather than because of any
scarcity of raw materials.

Forecasting of needs extended

The poll of both computer component users
and suppliers turned up responses like these:

“We have no shortages that affect our de-
liveries,” says Pat McGrath, materials manager
of Interdata, Oceanport, N.J. “We’re still deliver-
ing a system in 45 to 90 days—30 days for a
CPU—which is pretty much off-the-shelf in the
computer business.”

He says that about 17 months ago his com-
pany extended its ordering policies with a pro-
grammed system. It now forecasts component
needs up to 14 months, and it gives suppliers
solid orders, not forecasts.

“Also we have an advantage,” McGrath says.
“We use 250 components in six to eight major
units—that’s a lot of commonality of parts, and
that spreads our shortage problems a little thin-
ner.” He says that about 18 months ago they had
trouble getting printed circuit card assemblies
until they tooled up and started making the cards
themselves. “Now,” he says, “the toughest thing
to get is copper, and that’s really tough!”

The four components that Texas Instruments’
Equipment Group in Austin finds in shortest sup-
ply, according to Gene Towry, purchasing man-
ager, are aluminum-foil capacitors (delivery
in 48 to 60 weeks), film resistors (25 to 30
weeks), MOS memories (25 to 30 weeks) and
digital integrated circuits (30 to 35 weeks).

“We've managed to stay ahead of the game so
far,” Towry says. “We’re using alternate sourc-
ing ; we haven’t had to delay any of our computer
delivery schedules, but our lead times have gone
up by about three weeks in the past three months,
and we’ve had to forecast our needs about a year
in advance.”

Components that have lengthened Digital
Equipment Corp.’s lead time have been tantalum
capacitors (36 weeks) and aluminum-electro-
lytic capacitors (30 weeks), MOS devices (32 to
36 weeks), resistors (8 to 14 weeks) and metal
film resistors (14 weeks).
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“Our shipments to customers haven’t been
held up at all,” says Fred Wilhelm, manager of
DEC’s Large Computer Engineering Dept. in
Maynard, Mass. “We're triple-sourcing and writ-
ing longer term contracts. Suppliers want two-
year contracts, but we're able to keep them to a
year because we have some buying power.”

Wilhelm is optimistic, mainly because he
hasn’t seen any big shortage problems in his
area.

“But we’ve got to plan more in engineering,”
he says, “particularly in gearing up for new
products.” And, he adds, “we’ve really got to
make sure that new components are well-tested
before we get involved in a long-term contract.”

At Dale Electronics, Columbus, Ohio, George
Burdine, materials manager, says: ‘“Compared
to six months ago, our lead times are getting
better. Ceramics and good resistor wire are the
materials that make resistors hard to get.”

Dale supplies resistors to the computer indus-
try, and recently it has invested heavily in ma-
chinery to extend its capacity.

“We’'ve been working night and day, six and
seven days a week, to improve our manufactur-
ing ability,” Burdine says. “Also, we're negotiat-
ing personally with our suppliers all over the
country.”

Last year metal film resistors had lead times
of from 24 to 60 weeks; a year before the
average was six weeks. Corning, a major supplier
of resistors and capacitors to the computer in-
dustry, has already begun a major metal-film ex-
pansion program, which, according to a company
source, has allowed it to reduce lead times to 32
weeks.

Three years ago Corning expanded to ceramics
and has been a major supplier for axial mono-
lithic ceramic capacitors to the computer indus-
try. It is concentrating on miniature epoxy-cased
ceramic capacitors for automatic insertion, and
reportedly has doubled production capacity in the
last year. The company is making a high-volume,
low-cost commercial axial line and a commercial
radial line.

A spokesman for Hewlett-Packard in Palo
Alto, Calif., says that it had to plan well ahead
to get semiconductors, high-quality capacitors
and transformers. “Our lead times are growing,”
the spokesman says, “and although we expect
them to get worse before they get better, we're
not crying. Our suppliers are delivering on sched-
ule—25 years of not going back for a second bid
and of paying on time have earned us a spot on
the preferred customers’ list.”

Bill Schwartz, distribution program manager
for United Transformer Co., a division of TRW
in New York City, says that its purchasing de-
partment is planning bigger blanket orders to
help get hard-to-find materials, such as plastic
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Copper conservation is an objective of this printed-
circuit process introduced a number of years ago
by Western Electric Co. In the process, copper cir-

cuitry is added where needed, reversing the tra-
ditional method of coating plastic—also in short
supply—then etching away the unwanted metal.

lead wire, copper and the gold-plated leads used
on small transformers. The computer industry
represents only one part of United Transformer’s
market.

“We've had to extend our deliveries a bit,”
Schwartz says. “Our regular catalog pieces at
six-to-eight week delivery are now up to eight-
to-10 weeks delivery. And custom pieces are up
from 10-to-16 weeks delivery.”

Stancor, Fort Wayne, Ind., sees the shortage
as a boom and realizes that it can’t supply both
its distributors and its OEM customers and keep
everybody happy.

“So we've been soft-pedaling the OEM special
transformer business,” says the company’s gen-
eral manager, Bob Reigel. “We're a 95% standard
stock item, and a lot of our transformers end
up with computer manufacturers as the best way
to get delivery.”

Reigel says his company’s inventory is good
on standard items and, on the average, he can
deliver in six weeks. A special OEM transformer
takes six to eight months to deliver. He adds
that Stancor’s OEM business is growing rapidly.

“On the standard item, we may not always
have the transformer model they want,” Reigel
says, “but electrically and physically it will do
the job, in many cases.”
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Shortages of computer components haven’t
been critical, IBM reports. According to a spokes-
man at the Systems Development Div., Kings-
ton, N.Y., components that used to take 30 days
to get now take 40 days, but IBM’s delivery times
haven’t lengthened. Component suppliers are ask-
ing the company to order earlier, so it’s ordering
annually instead of quarterly.

At Xerox Data Systems in El Segundo, Calif.,
Myles Connelly, group manager for electronic
purchasing, lists ceramic capacitors (33 to 38
weeks), ICs (23 to 43 weeks) and TTLs as in
short supply. He says that some suppliers are
referring his company to standard components
or to distributor stock for small quantities.

“That means,” he says, ‘“that we must then
go through an engineering and quality review,
and generally we won’t accept that.”

What Xerox Data Systems does do is book na-
tional contracts 18 months in advance to buy in
capacity, and make certain that its engineers
meet the suppliers’ engineers and design a prod-
uct that follows the state of the art.

“We're not as concerned about price as we are
about delivery,” Connelly adds.

A spokesman for Motorola Semiconductor in
Phoenix, Ariz., says that it is backlogged in every
area. The company keeps careful tabs on mate-
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Vital to any computer system are components like
these. This circuit board illustrates the Mepco/
Electra, Inc., line of resistors, capacitors, thermis-

tors, varistors, DIP networks, and hybrid micro-
circuits. Some are in various degrees of short sup-
ply, as reported by users and suppliers nationwide.

rials, and right now there’s a silicon shortage.
While there’s hardly a scarcity of sand, it ap-
pears that the equipment used for converting
silicon tetrachloride to purified polycrystalline
silicon has not been expanded fast enough to
keep pace with the demand.

While Signetics of Sunnyvale, Calif.,, hasn’t
recommended any component substitutions, it has
tried to recommend the use of MSI to replace
numerous SSI parts.

“We use less silicon to accomplish the same
function,” says Michael Harkworth, manager of
corporate marketing, ‘“and it’s more economical.
But it’s a design change, so it’s not practical for
a short-term pick.”

The company makes ICs, logic and memory
circuits for the computer industry.

The difficulty in getting silicon wafers has
stretched Signetics’ lead time, but, according to
Harkworth, the company has managed to keep
its deliveries on schedule. He says that the pur-
chasing group has maintained good relations with
materials suppliers.

“When times were tough, we were the last
people to cancel or change orders with our
vendors,” Harkworth says. “We paid on time at
the risk of having a little bit of inventory. Those
relationships have paid off, and it helps, too, to
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give our vendors a year or a year and a half
notice of what our requirements are going to be.”

Pertec Corp. of Chatsworth, Calif., supplies
computer makers with such peripherals as tape
transports, disc drives and flexible discs. Accord-
ing to Darrell Lloyd, advertising manager, semi-
conductors, plastic materials, capacitors, resistors
and some fabricated parts, like cabinets, have
been in short supply.

“But we think that the shortage is cresting,”
he says, “because we believe that the pipeline
is filled up.”

Multiple-sourcing and negotiating with sup-
pliers in person are two of the ways the company
has tried to neutralize shortages.

“In some cases we get a faster deliver,” Lloyd
says, “and in some others we've had to pay a
premium in price. We had to pass a 3% to 5%
price hike along back in February.”

Lloyd says that Pertec asked its customers to
plan further ahead so it could, in turn,
give its suppliers greater visibility of its needs.

“In November we delivered in 120 days, when
60 was the norm,” Lloyd says. “Now we’re drop-
ping down to 90 days, but it’s hard to say when
we’ll get back to 60, because business is increas-
ing by 25% per year, and most peripheral houses
are experiencing the same things we are.” mm
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All components are fully accessible.

“Reliability and maintainability count, too.
| want a generator that works! But in case
it needs service I'd like to specify plug-in
sockets for dual in-line IC's, and a parts list
minus factory widgets. If | put my money
o'\r}cy)/our model, will my QC man hate me?"
(NO)

Upper trace: Constant Duty Cycle pulses over a
10:1 frequency range.
Lower trace: Normal pulses over same range.

“Standard pulses with predetermined width
are fine for most requirements, but when
I'm changing repetition rates | have to fid-
dle with the width control to make sure that
| don't lose the pulse. Does your ‘Constant
Duty Cycle’' mode let me set width as a per-
cent of pulse period so | can change rep
(ratEeg without tweaking the other controls?”
YES)

Upper trace: distorted, noisy input.

Lower trace: pulse generator output (Pulse
Amplifier Mode).

“My application calls for pure pulses with a
bare minimum of overshoot and squiggles.
And | need to clean up distorted signals —
you know, send in a crummy pulse train
and get out a nice squared-up pulse with
the offset, amplitude, and rise/fall times
I've set up on the generator. Can do?”
(YES)

A single control selects all 7 modes.

“That Duty Cycle mode could come in
handy, but | also want the regular pulses
that I'm used to, and double pulses, and
50% squarewaves to 50 MHz. How about
trigger, gate, triggered double pulse, and
pulse shaping? (And all of these modes
better be easy to set!)” (YES)

Four SERIES 20 models are available from
$575.

“Your $1095 P25 Pulse Generator has it
all, including simultaneous positive and
negative outputs, each with adjustable d-c
offset and variable rise/fall times from 5
nanoseconds. But if | only need a single
output or faster, fixed rise times, am | out
of luck?” (NO)

ask a 50-MHz pulse generator these Squestions

if the answers are yes,yes, 10, yes, no,
iCSINTERSTATE

the Interstate man with all the answers is John Norburg—call collect (714) 772-2811

@
(3 @

INTERSTATE ELECTRONICS CORPORATION

Subsidiary of A-T-O Inc

U.S. HEADQUARTERS: Dept. 7000, Box 3117, Anaheim, CA. 92803: OVERSEAS SALES OFFICES: AUSTRALIA, Parameters Pty., Ltd.: BELGIUM-LUXEMBOURG, Regulation-Mesure S.P.R.L.:FINLAND,
Havulinno Oy: FRANCE, Tekelec Airtronic, S.A.: ITALY, Tekelec Airtronic: ISRAEL, Radat International Company Ltd.: JAPAN, Asahi & Co., Ltd.: NETHERLANDS, Tekelec Airtronic, N.V.: NEW
ZEALAND, David J. Reid, Ltd.: REPUBLIC OF CHINA, Bons International Co., Ltd.: SPAIN, Telco, S.L.: SWEDEN, M. Stenhardt AB.: SWITZERLAND, Traco Trading Co., Ltd.: UNITED KINGDOM,
Euro Electronic Instruments, Ltd.: WEST GERMANY, Tekelec Airtronic GMBH: CANADA, Radionics, Limited. TWX U.S.A. 910-591-1197 TELEX U.S.A. 655443 & 655419
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THE MULTDI'S ARE HERE ...
on our shelf, ready for delivery now!

and they’re from Powertec...the recognized leader in open-frame power supplies!

The most economical power/cost ratios in the power supply industry...now available in
four high-quality multiple output models...for immediate delivery!

SPECIFICATIONS:

INPUT CHARACTERISTICS: 105 to 125 VAC, THE MULTI'S
47 to 63 Hz (derate unit 15% for 50 Hz :
operation). For wider range or 400 Hz
operation, consult factory. REGULATION:
Line £0.1%, Load £0.1%: load regulation
based on 50% load change; line regulation

TRANSIENT RESPONSE, 50 usec for 50% $49 $’79 $89 $149

load change. TEMPERATURE: 0° C to 40° C oL, [CUALGLTRlY DUAL OUTPUT | TRIPLE OUTPUT | TRIPLE OUTPUT
derated to 71° C. Percent of full rated load = T R B T e T
current at ambient temperature: 100% /+40° C; OUTPUT #1 or or "~ or or
75% /+50 °C: +15V, 1.3A {15V, 2.8A 15V, 1.3A +15V, 2.8A
J —12V, 1.5A —12V,3.0A | —12v,15A —12V, 3.0A
50% /+60° C; OUTPUT #2 T or or '
35% /+71° C.' —15V, 1.3A —15V, 2.8A —15V, 1.3A —15\7.r2.8A
OVERLOAD - - 5V, 6.0A 5V, 12A
OUTPUT #3 —_— _— or or
PROTECTION: 6V, 5.0A 6V, 8.0A
Unit is protected All outputs are floating; can be connected in any common configuration.
from overload and For other outputs and quantity prices, consult factory.

short circuit using
foldback type current SIZE: MODEL DEPTH WIDTH  HEIGHT
limiting. 2K15D-1.3  2.95in. 7.87in. 4.00in.
2L15D-2.8  3.20 in. 9.38in. 4.88in.
2R-70T 3.32in. 11.00in. 4.88in.
25-140T 450in. 15.00in. 4.88in.

See us at NCC
Booth Nos.
928, 930, 932

POWERTEC INC. an Airtronics Subsidiary

9168 DeSoto Ave., Chatsworth, California 91311« (213) 882-0004 « TWX (910) 494-2092

POWERTEC

INFORMATION RETRIEVAL NUMBER 240
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Introducing CONTROL DATA
Cartridge Disk Drive
‘Model 9427H.

New and
improved,
smaller and
simpler,

3to 12 megabyte
capacities.

Features:

e Self contained power supply. Universal power input;
100-250 VAC, 50/60 Hz. Autotransformer and quick change
belt and pulley for fast power supply adjustment.

® |ndependent blower motor assures continuous standby
capability and clean disk area — thus improves reliability.

e |nterface versatility: Choose Elco, Amp, Winchester or 3M
connectors. DIP resistor packs for terminators. Unit in daisy
chain is removable without affecting other units.

® Optional Fault Isolation and Retention Module diagnosis to
board level and — even with power removed — stores

fault information.

® Mounts in 10%2 inches of standard 19-inch rack.

CORPORATION

CONTROL DATA
Regzeorariog]

Control Data Corporation

Tom Farrell, OEM Marketing Manager,

Hawthorne Operations, 2815 W. El Segundo Blvd.,
Dept. ED-44, Hawthorne, CA 90250

e.
® Board space in the logic sector. New models have interface e
board and an open slot for a custom board. Title
® Modular design for easier maintenance. Individually
replaceable subassemblies utilizing one size (8/32 screws) Company.
assembly hardware.
® |ndustry standard 200 TPI recording media. Address Phone
® Removable control panel module to remotely locate the
control function. City. State. Zin

The new Control Data Model 9427H Cartridge Disk Drive has
proven 200 TPI deliverability. We invite you to send coupon or
contact your Control Data OEM Representative nearest you.

| want to see a demonstration of the Control Data
Model 9427H Cartridge Disk Drive. Have my
Representative call.

INFORMATION RETRIEVAL NUMBER 241
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your equipment and EMCOR custom enclbsuresi did

What better way to house your electronic equipment
than in EMCOR® custom enclosures! Whether your de-
sign ... or ours to meet your needs and specifications . . .
EMCOR cabinetry provides not only the protection and
function you require but also the visual impact of
uniquely distinctive styling.

Our infinite design and construction capabilities per-
mit high styling combined with exceptional quality at
attractive pricing.

Cabinets, racks, consoles, instrument cases, data work
stations . . . whatever your custom enclosure need,

T i = EMCOR has the design, engineering and production

v capabilities to meet it. For full details and name of your
nearest EMCOR representative, write or call INGERSOLL
PRODUCTS, 1000 W. 120th St., Chicago, IL 60643.
(312) 264-7800.

everything looks better in EMOCOR custom enclosures

DIVISION OF BORG-WARNER CORPORATION

Ingersoll Products ecesyusmie

INFORMATION RETRIEVAL NUMBER 64




Basic microcomputer software: Aigorithm for
a traffic-light controller illustrates principles that
can be used with any MOS/LSI microprocessor.

Last of three articles

How does the basic software for a MOS/LSI
microcomputer differ from that for larger com-
puters? Not fundamentally. The differences are
in emphasis. With microcomputers, you must
give more attention to such things as program
size, execution times of critical routines and
real-time interactions with peripheral devices.

A traffic-light controller provides a good ex-
ample of how a microcomputer is programmed
for a specific application.

Usually the basic algorithm must be selected
first. Then working routines can be identified
and common memory specified. A generalized
program for coding can be easily adapted to any
specific microcomputer.

In the traffic-light controller in Fig. 1, the goal
is to feed a maximum number of cars through
the intersection in any time period. The maxi-
mum duration of a red light for each route rep-
resents the primary constraint.

Fig. 2 shows the traffic lights that are visible
to cars on each route. The lights are controlled
by loading latches, which drive relays inside the
traffic-light units. The through-traffic and left-
turn parts of the display in Fig. 2a can be set
independently to red, yellow or green.

Vehicles that cross switch plates on the road-
way actuate switches that can be sampled by
the microcomputer. The input port contains six
input lines, each of which carries a ONE or
ZERO logic signal. Each time an axle passes
over a switch plate, the switch toggles and the
logic level changes. The logic level is maintained
until the next axle toggles the switch.

Assumptions clarify problem

The following six points clarify the design
problem :

1. The duration of GREEN signals for each
ROUTE must be varied to optimize traffic flow,
because traffic varies during the 24-hour day.

C. Dennis Weiss, Ph.D., Member of the Technical Staff,
Bell Telephone Laboratories, Holmdel, N.J. 07733.
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1. Traffic-light intersection contains six routes: four
through lanes and two turn lanes. The six roadway
switches toggle each time an axle crosses a switch
plate in the corresponding route.

2. Traffic signals under microcomputer control consist
of east-west lights (a) and north-south lights (b). The
left-turn signal in east-west lights can be independently
set to red, yellow or green.
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Since the roadway switches cannot provide in-
formation on the length of a queue, the controller
algorithm must contain a delay; the number of
vehicles crossing a switch during the current
GREEN cycle determines the duration of the
next GREEN cycle.

2. Two toggles of a switch indicate one car
has passed. Vehicles with more than two axles
represent, therefore, more than a single car for

ROUTES
STATES A B (o} D E F
| (o} I 0 | 0 0
2 | | 0 0 0o 0
3 | o | (0] 0 0
4 0o 0o | | 0 0
5 0o (0] [¢] (o] | |

3. The five valid STATES for traffic signals. A numeral 1
entry signifies a ROUTE has GREEN in the correspond-
ing STATE; a zero implies RED.

traffic measurement.

3. Traffic on a ROUTE should not be measured
for the full GREEN cycle. Otherwise an unstable
situation would exist. Lengthening the GREEN
cycle would let more traffic through. This in
turn would require lengthening it still more on
the next cycle. Instead use a fixed initial period,
BASETIME, during the GREEN cycle of each
ROUTE to measure the trafficc. Each GREEN
cycle must, of course, last a minimum of one
BASETIME.

4. The duration of a GREEN for any ROUTE
consists of BASETIME plus DELTATIME, both
in seconds. To satisfy a MAXREDTIME con-
straint on the duration of RED for each ROUTE,
limit the sum of the DELTATIMES used by all
those ROUTES that get GREEN while one
ROUTE holds at RED. Also constrain the num-
ber of ROUTES that get GREEN while one
ROUTE has RED.

5. The only states allowed for the traffic sig-
nals are those in which the ROUTES with
GREEN cannot interfere with one another. Obvi-
ously east-west and north-south lanes cannot be
GREEN at the same time. Also ROUTE B and
ROUTE C will not be GREEN concurrently.
This feature avoids wasted time while cars yield,
start and stop.

6. There is enough real time to do the job
with a microcomputer. The only possible time-
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critical task involves a count of toggles of the
roadway switches. Assume that vehicles travel
at less than 60 mph and that minimum axle
spacing is 48 inches. These figures yield a mini-
mum of 45 ms for the time interval between
toggles on each ROUTE. Hence a microcomputer
is certainly fast enough.

A stable STATE for the intersection is de-

fined by specifying which ROUTES have

CONTROL

{1,3,5) | | | | | |
{2,4,5) | | | | 1 1
{2,3,4,5} 2 [ 2 I | |
{52,355} 2 2 I | 1 1
{1,3,4,5} 1 1 2 2 1 '|
{1,2,4,5) | 2 | 2 | I
{1,3,5}, (5 [ 1 I I 2 2

4. Row integers give number of GREEN intervals for
a ROUTE. State sets labeling each row constitute the
control sequence for the GREEN intervals.

GREEN; the remainder are RED. Transitions
from GREEN to RED occur between stable
states.

From point 5, the only stable STATES are
those five tabulated in Fig. 3. Note that exactly
two ROUTES have GREEN lights in each stable
STATE.

Define a valid sequence

A wvalid sequence of STATES is one in which
each ROUTE gets some GREEN time from a
cycling of the sequence. Fig. 4, based on Fig. 3,
lists sets of states from which valid sequences
can be made. Sets {1,3,5} and {2,4,5} are equiva-
lent, minimum “covers” of the table in Fig. 3,
or solutions to the classical set-covering prob-
lem.!

For simplicity, and to satisfy the constraints
of point 4, let’s establish in advance a repertory
of valid SEQUENCES to be used. The ones
chosen (Fig. 5) are all those that give a single
BASETIME interval of GREEN to each ROUTE
and a DELTATIME to exactly two ROUTES or
to none.

In Fig. 5 the nonequivalent sequences repre-
sent sequences that are ordered to eliminate un-
necessary light changes. For example, if SE-
QUENCES3 were changed to STATE1, STATES,
STATE2, STATE5, then ROUTE B would see
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SEQ1: STATE2. STATE4. STATES

SEQ2: STATE2. STATE3. STATE4. STATES
SEQ3: STATE1l. STATE2. STATE3. STATE5
SEQ4: STATE1. STATE3. STATE4. STATE5
SEQ5: STATE1l. STATE2. STATE4. STATES
SEQ6: STATE1l. STATE3. STATE5. STATES

5. The ordering of preferred sequences eliminates un-
necessary light changes. STATES shown bold provide
DELTATIMES to two ROUTES.

START
Check CNT.RTX where X is ROUTE
given by MAXTRAFFIC.RT.

YES IS COUNT
.less than
LIGHTTRAFFIC?

Set NEXTSEQUENCE NO

to 1
SELECT
[ RETURN | Ts there a valid STATE with
T

LIG!

5

GREEN for both MAXTRAFFIC.R
and NEXT.TO.MAX.RT?

Nol J YES

DO.MAX DO.PAIR
Select lowest numbered Select as NEXTSEQUENCE
SEQUENCE in S.TABLE the one which gives a
which gives DELTATIME of GREEN to
MAXTRAFFIC.RT a both.

DELTATIME of GREEN.

6. Flow chart selects a SEQUENCE of traffic-light
STATES. Traffic counts for the two ROUTES with most
BASETIME traffic determine the selection.

INITIALIZE

Is this a

Time Out

DELTATIME? DELTATIME

NO

Scan and Time
Out BASETIME
(Fig. 8)

Update

STATE

Was that the
last STATE of
SEQUENCE?

YES Process Scan Info
to find MAXTRAFFIC.RT
and NEXT.TO.MAX.RT.

.

Change Traffic Select Next SEQUENCE
Lights (Fig. 6)

| RS

7. The complete controller algorithm contains the Select
Next SEQUENCE algorithm of Fig. 6.
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GREEN, RED, GREEN, RED, resulting in
wasted start and stop times. The sequence,
STATE2, STATE4, STATE5 is chosen over a
sequence based on {1,3,5} so that both east-bound
or west-bound lanes will move together.

The algorithm that selects a new SEQUENCE
from Fig. 5, based on traffic during
BASETIMES of the previous SEQUENCE, ap-
pears in Fig. 6. The alogrithm allocates DELTA-
TIMES of GREEN to the two busiest ROUTES,
if possible. If this is not possible, it favors the
busiest ROUTE in conjunction with a through
ROUTE. Also, if traffic is light—the busiest
ROUTE has less than a preset threshold—no
DELTATIME is allocated, since this would not
result in greater vehicle throughput but only in
longer RED times.

The value for BASETIME is normally given,
while the choice of DELTATIME must satisfy
the MAXREDTIME constraint. From the given
BASETIME and an analysis of all possible pairs
of SEQUENCES in Fig. 5, you can easily solve
for the maximum allowed DELTATIME. Express
the resulting RED time for each ROUTE in the
form N, DELTATIME + N, BASETIME. N, is
the number of DELTATIMES that occur during
the RED time, and N, is the number of BASE-
TIMES.

The entire controller algorithm is given by the
flow chart in Fig. 7, which incorporates the basic
Select Next SEQUENCE algorithm of Fig. 6. If
the state of the intersection provides DELTA-
TIME, then you simply create that delay with
a program loop. Otherwise scan the toggle switch-
es to count toggles and thus measure the traf-
fic during the BASETIME.

When the current STATE is completed, the
STATE must be changed to the next one in the
current SEQUENCE. This changes the traffic
lights. If the SEQUENCE is completed, a new
one must be selected before a return to the start
of the major loop.

The working routines

It is now possible to identify the routines to
make the controller algorithm work. There are
six principal ones:

1. Initialize:

= Select a starting SEQUENCE, SEQI1.
® Set all traffic counts to zero.
s Set other pointers and counters to zero.

2. Time Out:

® Do a loop of NOPS (do nothing but
count) for a DELTATIME period.

3. Scan and Time Out (see Fig. 8) :

= Scan toggle switches every 20 ms, and
count the 20-ms intervals until the
BASETIME has been spent.

= Update toggle counts for each ROUTE
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l Initialize SW.LAST.LOOK,TIMECOUNT I

ol

INPUT =— (SW.RTA, ..., SW.RTF) J

EXCLUSIVE-OR INPUT with SW.LAST.LOOK
and put into CHANGE

Is CHANGE YES
Zero?

NO

| (SW.LAST. LOOK) ~=— (INPUT) l

Extract 1's from CHANGE and
increment CNT.RTA,...as required.

\

DELAY 20 ms

; I Increment TIMECOUNT |

NO TIMECOUNT > YES
BASETIME?

8. Scan and Time Out routine, one of the working
routines, is outlined in this flow chart.

S.TABLE.POINTER X

/An address in the S.TABLE whose content

is the current STATE in the current
SEQUENCE/

CNT.RTA
CNT.RTB
CNT.RTC
CNT.RTD
CNT.RTE
CNT.RTF

/Counts of number of toggles (of switch in

that ROUTE) since last initialization/
SW.LAST.LOOK X

/Last toggle positions read for all toggle
switches/

TIMECOUNT X
/Location incremented once every 20 ms
until BASETIME exceeded. More than 8 bits

XXX XXX

required/
LASTSTATE X
THISSTATE X
MAXTRAFFIC.RT X
NEXT.TO.MAX.RT X

6 =11.24:8,16.32 for RTA , ..., RTF/
NEXTSEQUENCE X

/X = 1,2,3,4 or 5/

9. Some common memory locations and content de-
scription. Data format for each memory location X must
be specified throughout.

ELECTRONIC DESIGN 9, April 26, 1974

S.TABLE1 2 /2 means use STATE2/
4
5
END1 0
S.TABLE2 2
203 /Use STATE3 as a DELTATIME
state/
4
5
END2 0

/The SEQUENCE TABLE contains octal num-
bers defining the sequences of STATES in
each SEQUENCE. A “1” in the left-most bit
flags that STATE as the DELTATIME STATE
for that SEQUENCE/
STATES 12
3
5
14
60
|/ Five octal data words for STATES 1 through
5 defining pairs of ROUTES which can be
GREEN together.
FORMAT of 8-bit word:
O 0 RTF RTE RTD RTC RTB RTA/

10. Two required constant-data tables. These can be
stored conveniently in read-only memory.

as required.

4, Process Scan Information:

m Use toggle counts for the just com-
pleted SEQUENCE to determine the
busiest ROUTES, MAX.TRAFFIC.RT
and NEXT. TO.MAX.RT, as required in
Fig. 6.

m Initialize route counts CNT.RTA,...and
CNT.RTF to zero.

5. Select Next SEQUENCE (Fig. 6).

6<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>