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Rating EM SCR Rating EM SCR Rating EM SCR 
6V-600A $1,600 $2 ,000 
7.5V-300A 1,200 1,400 
10V-250A 1,200 1,400 

160V-15A $ 950 $1,100 

160V-30A 1,300 1,600 

40V-125A $1,300 $1,600 

40V-250A 1,975 2,500 

10V-500A 1,600 2,000 50V-200A l,!:175 2,500 160V-60A 1,975 2,500 

20V-125A 1,050 1,200 80V-30A 950 1,110 250V-10A 950 1,100 
20V-250A 1,275 1,500 
20V-500A 2,050 2,650 
30V-100A 1,050 1,200 

80V-60A 1,200 1,500 

lOOV-lOOA 1,975 2,500 

250V-20A 1,300 1,600 

250V-40A 1,975 2,500 

30V-200A 1,450 1,800 120V-20A 975 1,300 500V-5A 1,300 1,500 

40V-60A 950 1,100 120V-40A 1,200 1,500 500V-10A 1,600 2,000 

19" Rack , 20" depth. Voltage and current adjustable over wide range. 

See EEM Vol.1•791, 1•792, 1•793 for additional information. 
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ELECTRONIC MEASUREMENTS INC. 
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Diode ehips and earriers 
for hybrid eireuits. 

Need high performance diodes in your hybrid circuit? We can deliver Schottkys, PIN 
and Step Recovery diodes as chips, E-2's, LIDs or mini-strips-plus a beam lead Schottky. 
Just select the configuration you need for your RF, microwave and switching 

semiconductor devices. 
All are built to the high standards you associate with Hewlett-Packard. All are 

available in large quantities and at low prices for commercial production. Call us today 
for applications assistance. Or write for Application Note 940 and our 

hybrid circuit data sheet. am a 
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What's it worth 
to get lab capability 

in an instrumentation 
recorder 

with field portability? 

If you think you've got to sacrifice 
performance for portability, it'll be 
worth your while to price Hewlett­
Packard's 3960 instrumentation 
recorder. At $4,270, it gives you field 
portability along with performance 
and features found only in the most 
expensive laboratory machines. 

Built on a precision milled alu-
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($4,270!) 
minum casting, the 3960 weighs less 
than 50 pounds. 

Signal-to-noise ratio is better than 
46db when operating in the FM mode 
at 15/ 16 ips. 

The 3960 Portable Instrumentation 
Recorder from Hewlett-Packard. 
The one that you can pack off into 

pack it or rack it 

HEWLETT.:,; PACKARD 

HP sales, service and support in 172 cities in 65 countries. 

the field, or rack in the lab. From 
just $4,270. And worth it. For com­
plete details write Hewlett-Packard, 
1501 Page Mill Road, Palo Alto, 
California 94304. In Europe, Post 
Office Box 85, CH-1217 Meyrin 2, 
Geneva, Switzerland. In Japan, 
Yokogawa-Hewlett-Packard, 1-59-1, 
Yoyogi, Shibuya-Ku, Tokyo, 151. 
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Highlights 

The cover: The robot's arrival in industry, 93 
Industrial robots are only gradually being 
accepted on assembly lines, and few as yet 
are electron ic. But both their popularity and 
their electronic content are starting to soar, 
now that minicomputers are avai lable to 
control whole groups of robots from a cen­
tral point. Cover illustration is by Art Di rector 
Fred Sklenar. 

Earth terminals are taking off, 69 

The smaller satellite systems that are being 
set up to supplement the global network are 
creating a vast new demand for simple, rela­
tively inexpensive earth terminals. 

Majority logic joins the AND OR crowd, 107 
At last available in economical C-MOS form , · 
majority logic considerably extends the 
logic designer's power since it simplifies the 
realization of otherwise complex digital 
functions. 

Minicomputers check out aircraft elements, 120 
As part of modular systems for testing air­
craft subsystems, minicomputers co llect 
and process measurements on everything 
from propulsion to flight control. This is the 
sixth article in the series about " Mini­
computers in action." 

And in the next issue . . . 

Special report on semiconductor memories 
. . . specifying sample-and-hold amplifiers 
. . . shunt regulation and the design of 
more efficient power supplies. 
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p rogress in Electronics-from 
Marconi 's spark gap, which sent 

the first transatlantic radio message, 
to transistors- is the subject of a 
series of postage stamps issued on 
July 10, the fourth anniversary of 
man's first step on the moon. 

And that's a fitting day, because 
the Space Age owes 
its very existence to 
the developments of 
electronics, a field 
that didn' t have a 
name until this maga­
zine gave it one back 
in 1930. 

Actuall y, the 
stamps depict an­
tiques and items that 
were already old a 
decade ago. And the 
progress made in just 
that decade - fr om 
microcircuits and m1-
cr o compute rs to 
solid-state imaging 
and optical commu­
nications- is setting 
the stage for some ex­
traordinary progress 
in electronics-and 
changes in the way 
we live. In fact , elec­
tronics may do away 
with the stamps. 

Robots- the subject 
of our special re­

port starting on page 
93-as a word con­
jures up visions of ambulatory au­
tomatons, like Russia's lunar vehicle 
or some science fiction monster. But, 
says one builder of industrial ro­
bots: ' 'The devices we build are so 
much simpler that the word 'robot' 
is a misnomer. No one really knows 
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Publisher's letter 

what a robot is or how it can help 
him. But if I say I have a 'smart' 
manipulator that can be programed 
to go through a pattern of repetitive 
motions, they know what I'm talk­
ing about." 

As Industrial Editor Alfred 
R osen bl att points out in the 

report , more and 
more jobs are being 
turned over to these 
manipulators, which 
depend on electronics 
to guide their mo­
tions. Indeed, some of 
the machines do their 
appointed tasks with 
an uncanny expertise. 
One machine shown 
at a recent Zurich 
symposium picked up 
beer cans put any­
where on a table and 
poured the contents 
into mugs for thirsty 
show goers. Light 
beams across the tab­
let o p were inter­
rupted by the can, 
giving the machine 
data on where to find 
the can. Given more 
time to set up the ma­
chine, its developer 
said, it could have 
opened the can, too, 
and th en put the 
empty beer can away 
in a case for later 
disposal. And then 
pause to take a drink? 
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Postmaster : Please send form 3579 to Fulfillment Manager, Electron­
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A new function generator 
for isolated situations. 
The truly portable Model 5600 provides sine, 
square and triangle waveforms from 0.002Hz to 2MHz ... 
with or without external power ... wherever it's needed. 



E1(RMS)=~ tfT (E1)2dt 

And you'll get to keep more than two thirds 
of what you would expect to pay for true 
Root Mean Square measurements. lntronics' 
RMS Operator Modules accept any arbitrary 
input wavefonns-sine, distorted sine, square, 
random and complex. They perfonn the actual 
operations of squaring, averaging and square 
rooting. And they provide an output which is a 
smooth, continuous function of the input 
without breakpoint type non-linearities. 
lntronics' RMS Modules provide accuracies to 
0.05%, precise measurements from DC to 
1 MHz, response time as fast as 2 msec, 
and DC calibration. 

You no longer need to settle for the insufficient 
accuracies of averaging and peak value devices, 
or the high cost of a true RMS voltmeter. 
Specify lntronics' RMS Modules. It's the best 
way to avoid worries about the shape of things. 

57 Chapel Street, Newton, Massachusetts 02158 U.S.A. 
617-332-7350, TWX 710-335-6835 

Overseas Call: 
Brussels, Belgium 35-97-91 Tel- Aviv, Israel 53459 
Helsinki , Finland 11-123 Milan, Italy 719-518 
Paris, France 9077844 The Hague, Holland 678380 
Munich, Germany 524181 Maidstone, England 54224 
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Readers comment 

Etching pc-board sandwich 

To the Editor: The article, "Etching 
pc-board sandwich eliminates dis­
crete resistors," by Al Ertel and J. R . 
Mars [Electronics, May 10, p.109], 
reminds me of the 1967 Nepcon pa­
per by Cinch-Graphik on "Thin­
Film Resistors Using Conventional 
Circuit-Board Substrates." Since the 
etchant resist may be either a photo­
resist or a resist ink, how is either 
process accomplished with zero 
setup time? Is there no mask align­
ment for photoresist? If resist ink is 
used, how is it applied? Setup time 
is needed to screen print-fired films 
(Table 2), but is none required to 
screen print-resist inks? 

R.R. Bigler 
RCA 

Camden, N. J. 
• Co-author Ertel replies: The only 
similarity between the defunct Cinch­
Graphik system and the Micaply 
flhmega technology is that both pro­
vide thin-film resistors on conven­
tional board substrates. The impor­
tant differences are these: 
• The Cinch-Graphik system was ad­
ditive, and resistor patterns were 
plated onto the epoxy-glass substrate, 
but the Micaply rlhmega system is 
completely subtractive. The board is 
provided as a laminate ready to be se­
lectively etched. 
• The Cinch-Graphik process has a 
negligible peel strength. Micaply 
flhmega has a minimum peel strength 
after solder float of 5 pounds per 
inch, just slightly under that of con­
ventional pc boards. 

Since the information presented in 
Table 2 is quite concise, comments on 
processing were omitted. The cost 
comparison was based upon a moder­
ate-capacity thick-film facility vs a 
similar pc-board facility. Setup time 
is required for thick film where no al­
ternative but screening is available. 
We used as reference our own facil­
ity. Our panels are uniformly 10 in. 
by 12 in., regardless of the number of 
circuits to be produced, and photo­
resist artwork is used universally (no 
resist ink is used). No setup time is 
required because circuit boards are 
continuously being processed, and 
switching photomasks merely in­
volves slipping the proper mask onto 
the positioning pins. 

• You Need 
DELTA'S NEW 

MECHANICAL 
HAN LER 

FOR 
ONLY $1495 

EXPRESSLY 
DESIGNED 
• For testing D.l.P;s 

• For Incoming Inspection 

• To greatly increase operator 
performance 

• To facilitate Q.A. sample 
testing 

• For adaptability to your test 
system 

• For all standard types of dual 
in-line packages 

THAT'S our Model 8010 Hondler 
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Ot· why systems people buy more S-D eounters 

6 remote programming options 
4 BCD outputs (low and high level) 
Special codes, formats, logic levels 
Universal counter /timer functions 
50, 200, 512 MHz, 3 GHz 

For details or a demo on seri es 6150 counters, call your 
Scientific Devices sales and service office (listed below). 
Or contact Concord Instruments Division , 10 Systron Drive, 
Concord , CA 94518. Phone (415) 682-6161 . In Europe: 
Systron-Donner GmbH , Munich , W. Germany; Systron­
Donner Ltd. , Leamington Spa, U.K. ; Systron-Donner S.A. 
Paris (Le Port Marly) France. Australia: Systron-Donner Pty. 
Ltd ., Melbourne. 

SVSTRON CONNER 

Albuquerque, (SOS) 268-6729: Baltimore, (301) 788-6611 ; Boston, (617) 894-5637: Burlington, NC (919) 228-6279; Chicago, (312) 297-S240; Cleveland, (216) 261-2000; Denver, (303) 
573-9466; Dayton , (513) 298-9904; Dallas, (214) 231-8106; Detroit, (313) 363-2282; Ft. Lauderdale, (305) 721-4260: Hamden CT (203) 248-9361 ; Huntsville, AL (205) 536-1969; Houston, 
(713) 623-4250 ; Indianapolis, (317) 783-2111 ; Kansas City, KS (913) 631-3818; Los Angeles, (213) 641-4800; Minneapolis, (612) 544-1616: New York City area (201) 871-3916: 
Norfolk, (703) 499-8133; Orlando, (305) 424-7932; Philadelphia, (215) 825-9515; Phoenix, (602) 834-1682; Rochester, NY (716) 334-2445 ; San Antonio, (512) 694-62S1 ; San 
Diego, (714) 249-6642; San Francisco area (415) 964-4230; Seattle, (206) 454-0900; St. Louis, (314) 731-2332; Syracuse, (315) 457-7420: Washington, DC area (703) 451-6500. 
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seal of improval 
Improved reliability through the 
use of a glass-to-tantalum true 
hermetic anode seal is the prime 
feature of new Type 1380 gelled­
electrolyte sintered-anode Tanta­
lex® Capacitors. This new con­
struction eliminates all internal 
lead welds while retaining the 
strength of conventional internal 
lead-welded parts. In addition, the 
new construction offers outstand­
ing resistance to extensive tem­
perature cycling. 

Type 1380 Tantalex Capacitors 
are designed to meet or exceed 

the environmental and life test re­
quirements of MIL-C-39006. The 
gelled-electrolyte employed in 
these new capacitors gives pre­
mium performance for all capaci­
tor parameters with respect to 
frequency and temperature vari­
ations. 

Originally developed for use in 
aerospace applications, this ca­
pacitor design is now available for 
general industrial and aviation 
use where the utmost in compo­
nent performance and reliability 
are primary necessities. 

For complete technical data, write for 
Engineering Bulletin 3704A to: Technical 
Literature Service, Sprague Electric Co., 
35 Marshall St., North Adams, Mass. 01247. SPRAGUE' 

THE MARK OF REUABIUTY 

THE BROAD-UNE PRODUCER OF ELECTRONIC PARTS 
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40 years ago 
From the pages of Electronics, July 1933 

By imbedding the two grid con­
denser plates of an oscillator in a 
mass of rubber undergoing vulcani­
zation, one rubber company has 
been able to follow closely the prog­
ress of the vulcanization reaction. 
As sulphur added to the rubber, the 
dielectric constant of the mass 
changed sufficiently to cause fre­
quency variations in the oscillator 
circuits which could be interpreted 
in amounts of combined sulphur. 

Oscillations of various fre­
quencies are also found to have 
catalytic effects on many of the 
more common chemical reactions. 

To set up a positive standard for 
depth of printing, an American 
Photoelectric reftectometer has now 
been used with considerable experi­
mental success. With this instrument 
a two-inch circle of the printed page 
is compared with the same paper 
unprinted or blank. Taking the 
blank paper as I 00 per cent, a 
"dark" or heavy-inked page gives a 
reflecting factor of 85 per cent; me­
dium gives 86V2 per cent; and very 
light inking gives 88 per cent. Of 
course the sample included in the 
two-inch circle must in each case be 
of fairly solid and comparable type 
composition. 

Certainly that was an admirable 
proposal by the I.R.E. to have a per­
centage set aside out of manufac­
turers' gross sales, to be applied to 
research and scientific study in the 
art. Five per cent has been sug­
gested, and this would not be too 
much, although at the present eco­
nomic juncture, it may be difficult to 
secure approval of such a figure. On 
the other hand, such an amount has 
not been far from that assigned by 
notably successful corporations for 
their research funds . 

A five-per-cent fund for research, 
imposed on all manufacturers of ra­
dio and allied products, would have 
many interesting and beneficial ef­
fects. It would aid technical employ­
ment and advance the art. And it 
would kill off the gyp manufacturers 
or force them to contribute to the 
art which they now benefit from but 
do not support. 
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Now . .. High Efficiency, Switching Regulated Power Supplies 
The new Switching Regulated Series is the most recent addition to the expanding line of Hewlett­
Packard Modular Power Supplies. The MIGHTY MODS started with the 62000 Series - a com­
plete line of modular power supplies with coverage from 3 to 48 volts, up to 192 watts. 
The new Switching Regulated Supplies, Series 62600, feature advanced transistor switching design 
with up to 80% efficiency. You get more power in a smaller, cooler operating package ... with 4 to 
28 volts, up to 300 watts, 0.2% combined line and load regulation, 20mV rms/30mV p-p dpple and 
noise. And, HP thinks ahead to give you all the protection you need: overvoltage, overcurrent, over­
temperature, reverse voltage and protected remote sensing. What it all adds up to is: selection, 
performance, reliability plus competitive pricing (with quantity and OEM discounts). Whether it's a 
modular, laboratory, or digitally programmable power supply - be confident when you specify ... 
specify HP. 
For detailed information, contact your local HP field engi­
neer. Or write : Hewlett-Packard, Palo Alto, California 94304. 
In Europe, Post Office Box 85, Meyrin-Geneva, Switzerland. 
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TH E I NCREDIBLY FAST 5900+. 100 READINGS PER SECOND IN THE 4'h DIGIT MODE. 

You can either make it better. 
Or you can make it cheaper. 

Now, do both. 



The challenge £nfuriates an engi'neer. Excellence The 5000+ DVM. The price is lower. 
cannot trad£t£onally be compromi'sed by The standards aren't. 
economi'cs. But £f you can't afford i't, you won't This new DVM is the lowest priced 5-digit 
buy £t. So someti'mes we have to do both. multimeter we've ever produced. Yet because it 

Above you see one of the "plus" machi'nes was engineered and built by men who have been 
from Dana. "Plus" because i't i's truly a better dealing with units costing ten times as much, the 
machi'ne. And "plus" because i't i's priced to gi've 5000+ reflects their standards. 
you a new level of quali'ty for the money. _ - \ It is absolutely reliable. (Silicon solid state 

~ - .. H TRU£ir<llitry plus LED display.) 
\ NU!' WI I R_!c'\llt has 5 DC ranges capable of measuring 

S CONVE --ri-~ 1 µ v through 10oov. 
I RM It offers autoranging in all functions and 

T he 5 900+. A dUi· s18fl . 100% overranging on all ranges. 
This new unit may well be the world's most It's available as a complete multimeter. Its 
accurate and stable 5-digit multimeter. basic price is $995. Nothing with its features and 

It delivers 0.001 % total accuracy. its quality is available for the price. 
It has 350 volts RMS protection on all ohms Examine these products and study their 

measurements. incredible performance/price. Contact Cliff 
It provides true systems capability. It has 5 Hamilton at Dana Laboratories, Inc., 2401 

DC ranges, 60% overrange, and full ratio Campus Drive, Irvine, California 92664. Or call 
capability. Its basic price is $1795. Nothing at collect at (714) 833-1234. Ask him about these 
that price is comparable in accuracy and quality. plus machines. 

ID I Rini RI® 
Others measure by us. 
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RCA Solid State ••. 
the designers 
powerhouse. 
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That's ,;ght! A Powe,house• We 
bu,/f it b;g and 'Ugged to ha~dle 
Just about anything that You need for Your design. 

Looking forLow Power?-up to 
4 Watts? RCA ·s broad line in­
cfudes Plastic and hermetic To_ 

. High Voltage? You're in the 
rtght house . . R~A 's introduction 
and leade~sh1p in Pi-nu structure i~ans/ates mto high voltage, high 

5 s and TO- ta· s Up to 4 Watts With 
heat smk. Need a 'Ugged device? 
Our _fam11y of Hometaxia/ transis­
tors is unequaffed for series regu_ 
lato,., so/eno/d dhve,. and Othe, demanding fobs. 

High_ Fr~quency? Take a look at 
our ~P1tax1a/ family for non-criti­

- ca/ high energy requirements up 
to and beyond 20 kHz. 

. fume, low cost transistors With 
mhe'ent bett:, cunent capability tha~ convem.ona/ frip/e-diffused devices. 

High-speed Switching? RCA is 
a/so t_he Place for transistors that ~re tailored for high speed SWitch­

tng-:-up to and above so kHz. 
High Gain? The RCA Dar/in -

tons have gains of 1000 at 5 ami, 
... and 100 at 10 arnps, hermetic 
and VE'RSAWATT Packages. So 



Tubes? 
Forget them. 

HERE'S 100 
WATTS OF 
SOLID-STATE 
Rf POWER! 

A state-of-the-art amplifier. 
ENl's new Model 3100L all-solid­
state power amplifier provides 
more than 100 watts of linear 
power and up to 180 watts of 
pulse power from 250 kHz to 
105 MHz. This state-of-the-art 
class A unit supplies over 50 watts 
at frequencies up to 120 MHz and 
down to 120 kHz. All this capa­
bility is packaged in a case as 
small as an oscilloscope, and it's 
just as portable. 

Extraordinary performance. 
Featuring a ftat 50 dB gain, the 
Model 3100L is driven to full 
power by any signal generator, 
synthesizer or sweeper. AM, 
FM, SSB, TV and pulse modulations 
are faithfully reproduced by the 
highly linear output circuitry. 
Immune to damage due to load 
mismatch or overdrive, the 
3100L delivers constant forward 
power to loads ranging from an 
open to a short circuit. 

Solid-state reliability is here. 

The price? $5,690. 

Write for complete information : ENI, 3000 
Winton Road South, Rochester, N. Y. 14623 
Call (716)-473-6900 or TELEX 97-8283 
Dept. E 524 

ELECTRONIC 
NAVIGATION 
INDUSTRIES 

ENI ••. The world's leader 
in solid-state power amplifiers. 
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Preventing growing pains 

is Nee's challenge at CMI 

When a company hires several 
executives at once, it can mean a 
shakeup, but in the case of Cam­
bridge Memories Inc., the appoint­
ments result from rapid growth. 
Sales in the past three years have 
grown so that the Concord, Mass. 
manufacturer of computer memory 
systems expects $10 million this fis­
cal year and perhaps $20 million 
next year. 

Paul C. Nee, vice president of cor­
porate planning, Steven Barouxis, 
corporate controller, and Curtis L. 
Collison, director of administration, 
are expected to provide "the more 
mature management product I 
think the company needs," says 
Richard Egan, vice president for 
marketing. He hopes that by adding 
new executives before the need for 
them is acute, "no one will ever 
know we needed them." 

While the position of controller is 
not new, Barouxis will be "trying to 
implement procedures and practices 
that won't snarl us up when we get 
large," Egan says. Collison, in his 
newly created post, is in charge of 
facilities planning, capital require­
ments, and corporate services. 

Pivotal. Corporate planning is 
also a new function, and perhaps 
the most important. Nee sees his 
role as "helping to lay down 
strategy to internally control oper­
ations financially, operations-wise, 
and with new products." His first 
job will be to help CMI establish an 
internal management system. 
"When a company goes beyond the 
$10-$20 million mark it's a new ball 
game," he says. 

However, Nee thinks CMI has 
planned for its growth well in ad­
vance, although he does see a need 
for more middle management in the 
next year as the company grows 
even larger. And Nee is able to 
speak with some authority; he has 
known founder Joseph F. Kruy 
since both worked at Honeywell, 
and kept an eye on the company. 

Nee also has the advantage of 
coming to CMI with personal experi­
ence in a fast-growing company. 

Nee. Adding a discipline. 

Starting with Honeywell's design 
team in the late 1950s, when its 
computer operations were very 
small, he worked on the D 1000 
computer project. From there he 
moved on to positions in engineer­
ing, product planning, and market 
planning. 

In the mid- l 960s he joined Gen­
eral Electric, working on GE's mas­
ter plan for computers, and for the 
past two years was director of corpo­
rate development at American Op­
tical Co. When the opportunity 
came to get back into the computer 
business, he decided to take it. "I 
have been through the whole prod­
uct cycle," he says, "and I have seen 
small programs become large pro­
grams." At CMI he has an opportun­
ity to go through the cycle once 
more. 

Fresh CATV competition 

drives Jerrold's Firestone 

Two subjects stir the competitive 
drive of William L. Firestone, Jer­
rold Electronics Corp.'s new presi­
dent: maintaining his company as 
the number one manufacturer in 
cable television-and tennis. A dedi­
cated tennis player, the 52-year old 
Firestone hates to lose. 

The same can be said for his view 
of heading Jerrold Electronics, Hor­
sham, Pa. , a General Instrument 
company, which has dominated the 
CATV industry for 20 years. But now 
that cable operators are expanding 
into the top 100 TV markets, Jer­
rold's dominion is being challenged. 

Adamant. Firestone's reaction is 
about the same as when at match 
point in a tough tennis tourna­
ment-single-minded concentration. 
Asked if it is realistic to expect Jer­
rold to hold the 40% to 50% control 
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MOSTEK 
WILL WORK WITH 

YOU. 
ASK SANDERS. 

" Our re lationship with their quality 
assurance has been frank and 
excellent. " The words of Ed Minich , 
Superv isor, Electronic Design 
Group at SANDERS DATA 
SYSTEMS, INC. of New Hampshire, 
speaking about MOSTEK. 
" MOSTEK's chips have proved very 
rel iable. They have contributed to 
the successful acceptance of our 
products, and MOSTEK has 

cooperated in maintain ing quality 
and performance levels to 
SANDERS' rigid purchase 
specifications." 

SANDERS is known for those 
" rigid " requirements. They insist 
on quality from the initial design 
philosophy to the finished product. 
That 's why their 810 and 804 
Programmable Terminal Systems 

On the SANDE RS assembly line, Nashua, New Hampshire : Ed Minich , Supervisor, Electronic 
Desig n Group at SANDERS, holding a printed circuit board containing MOSTEK MK4006P 1K 
RAMs ; on the ri gh t , Gordon Hoffman, Applications Manager for MOSTEK Corporation. 

Electronics /July 19, 1973 

are in operat ion across the nation, 
bringing fast , reliable data 
processing to a wide variety of 
businesses. And that 's why they 
turned to MOSTEK to utilize the full 
advantages of MOS technology. 
Utilizing the techn iques of Ion 
Implantation, MOSTEK devices 
have met SANDERS precise 
requirements in areas such as 
control memories, buffering 
peripherals and refreshing displays. 
On MOSTEK's use of Ion 
Implantation , Ed Minich says : 
" .. . it has allowed us to design 
circuitry with TTL compatib le 
memories and economical sense 
amplifiers." 

We welcome the challenge to 
develop MOS devices to meet the 
most demanding specifications, 
and when men like Ed Minich say 
that our relationsh ip has been 
" frank and excellent" ... we feel that 
says it all. It 's a result of working 
closely with our customers and 
seeing the job through. Not words , 
but facts . Just ask SANDERS ! 

1215 West Crosby Road 
Carrollton, Texas 75006 
(214) 242-0444 
TWX 910-860-5975 
TELEX 73-0423 

© Copyright 1973 by MOSTEK Corporation 
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New ~assivated thin-film 
resistor chips and wafers 
from HYBREX a new division of Burr-Brown 
Here's a new series of glass passivated thin-film resistors from a 
new, dependable source - Hybrex. The unique "S" configuration, 
originated by Hybrex personnel, greatly simplifies hybrid assembly. 

Since these center-tap resistors contain three pairs of large surface 
aluminum bond pads, the operator can accomplish straight line 
wire bonding without reorientation of the 30 mil chip. Gold silicon 
backing also allows the use of all conventional die bonding 
techniques including eutectic and epoxy. 

HYBREX "S" SERIES RESISTORS 

• Temperature Coefficients: • Standard Resistance Value Range: 
Standard ±50ppm/°C 1%tolerance,10 ohms to 510 kohms 
Custom ±lOppmj°C 5% tolerance, 10 ohms to 510 kohms 
tracking to ± 5ppm/°C 10% tolerance, 10 ohms to 470 kohms 

• Available as wafers or chips. 

• Power Dissipation: 250 mw. 

• All units 100% probe tested and visually inspected. 

FOR COMPLETE TECHNICAL INFORMATION use this publication's reader service 
card or call George Sanders at Hybrex to discuss your resistor requirements. 

HYBREX CUSTOM 
CIRCUITS, TOO! 
Let Hybrex assist you 
with your unique thin 
and thick film hybrid 
and monolithic circuit 
requirements . Give us 
a call for details. 

HYB~ex 
INTERNATIONAL AIRPORT INDUSTRIAL PARK 

Tucson, Arizona 85706 
TEL.: 602-294-1431 • TWX: 910-952-1111 

A division of Burr-Brown 

UNITED KINGDOM: Watford WDl 8BT Tel : (0923) 33837 
FRANCE: LeChesnay Tel: 954.35.58 
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of the CATY market it now enjoys, 
he brings his fist down for emphasis: 
"We have the dominant position, 
and we intend to keep it. We can 
continue to be the leader by in­
vesting in the future." 

Products heading Jerrold's lineup 
include a new modular information­
distribution system, Starline 300, 
with optional status-monitoring 
equipment, and StarCom 36, a 36-
channel set-top converter with three 
12-channel bands that can be con­
nected separately as more channels 
are needed. 

A third new product is an ad­
vanced two-way CATY system, called 
Communicom. The interactive sys­
tem has a home terminal for send­
ing and receiving from the cable op­
erator's central head end. 

Firestone has 20 years in two-way 
radio development, being some­
thing of a pioneer with Motorola. 
"At the time I started, Motorola's 
radio communications operation 
probabiy consisted of 12 people­
and I was number 12; sweeping up, 
running for sandwiches, and so on," 
he recalls. 

Since then, Firestone has earned 
three degrees: BSEE (Colorado), 
MSEE (Illinois), and a Ph.D. in elec­
trical engineering (Northwestern). 
He gained management experience 
at Hallicrafters Co., Whittaker 
Corp. and Motorola before joining 
GI as vice president and general 
manager of the F.W. Sickles divi­
sion. 

"I view the cable industry much 
as the two-way radio industry was 
15 to 18 years ago-one company on 
top, rapidly growing, not a mature 
industry. That's why I feel at home 
here," he observes. 

Firestone. Keeping the ball in his court. 



Compact rack and panel connector 
provides high density, reliability 
and performance ... at low cost. 

The AMP HDP-:ll connector provides 
economical, high-density rack and panel 
interconnections for a variety of data 
processing, instrumentation 
and control system applications. 
Contacts are as close as 
.109-inch between centers. And 
economy is achieved through 
the use of stamped and fom1ed 
contacts which are machine­
applied at rates up to 
4000 an hour. 

HDP-'.ll connectors with size-20 contacts 
are available in 9, 15, 25, 37 and 50 positions­
with low-cost hardware, such as strain 

reliefs, hoods, shields, latches, 
and so forth. 

Connectors can be 
supplied preloaded as desired 
or empty and ready for 
loading. A rear-release plastic 
retainer eliminates the need 
for spring clips. 



If you're going rack and pa'lel, 
reasons to go w1tl1 

More and more electronic equipment 
is being designed with "slide-out" circuitry. 
The principal virtue of the technique is that 
it permjts greater economy of production 
through mechanized assembly of individual 
system modules. And economy with 
reliability is the name of the game with AMP 
connectors. Economy that has as its basis 
automated machine terrnjnation and wiring 
of individual contacts and posts. 

A good example is the CHAMP 25 
pair connector, a product that has created 
widespread interest for use in data and 

Conductor extrudes 

communications links and in computer and 
telecommunications equipment. 
The CHAMP connector, like many AMP 
connectors, has a unique method of 
termination which is the real basis for low 
applied cost. The CHAMP connector employs 
a ramp-like contact with built-in insulation 
cutting bar which permits an unstripped 
solid wire-and certain kinds of stranded 
wire-to be fully termjnated at high speed 
by a sernjautomatic machine. In addition to 
being more econornjcal, CHAMP connector 

Egg-crated cavities in rugged, one-piece 
AM PL/MATE connector housing provide 

insulation without the need.for heat-shrink sleeves. 



here are some economical 
AMP connectors. 

terminations offer excellent density and 
vibration resistance. Individual contacts 
may be removed and replaced easily with 
minor disruption to total connector interfaces. 

Another way to realize economy is 
through the use of hermaphrodidic 
contacts. Since both connector halves use the 
same contact, inventories are reduced. 
Two cases in point are the AMP miniature 
DU ALA TCH connector and the AMPLJMA TE 
connector. Not only are their self-wiring 
contacts hermaphrodidic; they can also be 
applied by high-speed, automated machines. 

Positive wiping action and gold-over-nickel plating of' 
miniature D UA LA TCH contact ensure excellent 
electrical and mechanical perfo rmance . 

. 100-inch centerline 
connector offers 
versatility of either 
crimp. snap-in contacts 
or posted contacts f or 
automatic or 
semiautomatic wiring. 

And economy is matched by versatility, 
because of the compactness and wide 
range of housing configurations. 

Machine wiring is still another way 
to get economical interconnections. 
Both the AMP High Density 
Rectangular connector and the AMP M Series 
connector fit into this category. Both are 
available with post-type contacts which can be 
automatically machine-wired. In addition, 
each can be selectively loaded, so 
that even further economies can be realized. 

Post-type contacts of 
the M Series pin and socket 
connector allow it to be 
automatically machine-wired. 
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"Economy" 
can mean many 
things to 
many people. 

With AMP products it means low applied cost. 
Which comes about through better, faster, automated 
wiring and termination methods, often providing even 
better, more consistently reliable performance. With 
no sacrifice in product quality. Design and production 
knowhow provides little extra touches like redundant 
spring tines for greater retention, special selective 
platings for reasonable cost, and positive wiping 
contacts to ensure good, reliable electrical performance 
for thousands, even tens of thousands, of matings. 

Finally, you get a worldwide sales and service 
organization that ensures customer satisfaction and 
product standards wherever electrical and electronic 
connectors are used. 

If you'd like specific information about any of the 
products or machines in this advertisement or about 
the company as a whole, please write 
AMP Industrial Division, Harrisburg, Pa. 17105. 
Or circle Reader Service Number 160 . 

... IVIP 
INCORPORATED 

AMP, AMPLI MITE. CHAMP. DUALATCH. AMPLI MATE. TERMl-POINT, 
AMP-0-MATIC and AMPOMATOR are trademarks of AMP Incorporated. 

AMP-0-MATIC stripper/crimper machine 
strips wire and attaches contact during each 
machine cycle-at rates up to 1500 an hour. 

AMPOMATOR machine with miniature 
applicator can produce up to 5700 doubly­
terminated leads an hour. 



For the really t9ngh applications, 
OEM's like Magnavox choose HP. 

We all know what collisions at sea 
can mean to a company's reputation. 
That's why Magnavox sought reliability 
above all else in choosing the HP 
2100A minicomputer for its all-weather, 
worldwide Satellite Navigation System. 
It brings added safety and economy to 
the operation of large ocean-going 
vessels. Including the new deep-draft 
supertankers which must navigate 
through narrow channels. 

In fact, reliability is one of the 
major reasons why OEM's are using 
Hewlett-Packard's line of thoroughly 
modern minis for their systems. But 
reliability is not enough. Magnavox, like 
any OEM, also must be competitive in 
their market place. Hewlett-Packard's 
2100A solved their need. Competitive? 

Just try us! 
And modular. So compact and 

rugged that entire Magnavox systems 
can be transferred from one vessel to 
another. Adaptable, too. Commercial 
transports, oil tankers, passenger ships, 
exploration vessels for the Navy and 
Coast Guard. Virtually every large ship 
plying the waterways of the world can 
use this system to pinpoint instantly its 
position anywhere in the world. 
Night or day. 

Peripherals? HP offers OEM's a 
wide range of competitively priced 
system components to choose from. No 
more shopping around for compatible 
black boxes for your system. 

More competitive hardware, 
firmware, software, spare parts, docu-

mentation, training, and service for the 
OEM from Hewlett-Packard -
worldwide. 

Are you laying your reputation on 
the line without an HP mini? Call your 
local HP sales engineer for details on 
fitting the right mini into your system. 
Or write Hewlett-Packard, 1501 Page 
Mill Road, Palo Alto, California 94304; 
Europe: P.O. Box 85, CH-1217 Meyrin 
2, Geneva, Switzerland; Japan: YHP, 
1-59-1, Yoyogi, Shibuya-Ku, Tokyo, 151. 

HEWLETT. PACKARD 
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Just a few reasons why we're 
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That's right. We've got the largest selection of LED's anywhere, just 
waiting to fit into one of your clever application plans. All our GaAsLITE light 

emitting diodes are versatile and many work for practically nothing (like the MV54 @ lOC 
apiece in quantities of 100,000). And they're more than prepared to put 

most conventional lamps out of the picture-from auto dashboards and appliances 
to computer panels and test instruments. Check into our broad line, 

now. We've got an LED that's just right for your next application. 
GaAsLITES are in stock, worldwide, at a distributor near you. 

Ask for the LED's with the reputation for outstanding quality. 
Electronics/ July 19, 1973 
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first in Light Emitting Diodes. 
Putting innovation to work. 

Monsanto Commercial Products Co. Electronic Special Products 
1013 1 Bubb Road , Cupertino, CA. 95104 (408) 257 -2140 
A unit of Monsanto Company Monsanto 
EASTERN HAMILTON ELECTRO SALES, Atlanta, GA (404) 448-0800 Baltimore, MO (30 1) 796-5000 Boston, MA (617) 273-2120 Cedar Grove, NJ (201) 239-0800 Long Island, NY (516) 333-5800 Miami, Fl 
(305) 925-5401 Mount Laurel, NJ (609) 234-2133 Syracuse, NY (315) 437-2642. KlERULFF ELECTRONICS, Gaithersburg, MD (301) 948-0250 Hicksville, NY (5 16) 433 -5530 Rutherford, NJ (201) 935-2 120 Paoli, 
PA (215) 647-2612 Needham Heights, MA (617) 449-3600. SCHWEBER ELECTRONICS, Atlanta, GA (404) 449-9170 Rockville. MD (301) 881 -2970 Hollywood, FL (305) 927-05 11 Raleigh, NC (919) 832-8881 
Rochester, NY (716) 328-4180 Westbury, NY (516) 334-7474 Somerset, NJ (201) 469-6008. HAMMOND ELECTRONICS, Orlando, FL (305) 241-6601. SEMICONDUCTOR SPECIALISTS, INC., Pittsburgh, PA (412) 
781 -8120. MIDWEST HAMILTON ELECTRO SALES, Chicago, IL (3 12) 678-6310 Dallas, TX (21 4} 638-2850 Detroit , Ml (313) 522-4700 Houston, TX (71 3) 526-4661 Kansas City, MO (913) 362·3250 Minneapolis, 
MN (612) 854-4800 St. Louis , MO (3 14) 731-1144. KIERULFF ELECTRONICS, Garland, TX (214) 271-2471. SEMiCONDUCTOR SPECIALISTS, INC., Dayton, OH (513) 278-9455 Chicago, IL (3 12) 279·1000 Detroit, 
Ml (313) 255-0300 Indianapol is, IN (317) 243-8271 MinneapolJs, MN (612) 854-8842 Kansas City, MO (816) 452-3900 St. Louis, MO (314) 428-6100 Dallas. TX (21 4) 358-5211. SCHWEBER ELECTRONICS, Elk 
Grove Village, IL (312) 593-2740 Cedar Rapids. IA (319) 366-0774 Beachwood, OH (2 16) 464-2970 Troy, Ml (3 13) 583-9242. WESTERN ALTA ELECTRONICS, INC., Sa1t Lake City, UT (801) 486-7227. ELMAR 
ELECTRONICS, Mountain View, CA (415) 961-3611 Denver, CO (303) 287-9611. HAMILTON ELECTRO SALES, Culver City, CA (213) 870-7171 Denver, CO (303) 534·1212 Mountain View, CA (415) 961-7000 
Phoenix, AZ (602) 269-1391 Salt Lake City, UT (801) 262-8451 San Diego, CA (714) 279-2421 Seatt le, WA (206) 624·5930. KIERULFF ELECTRONICS, Palo Alto, CA (4 15) 968·6292 Phoenix, AZ (602) 273-7331 
Denver, CO (303) 343-7090 Seattle, WA (206) 763-1550 San Diego, CA (714) 278·2112. LIBERTY ELECTRONICS, Phoenix, AZ (602) 264-4438 Seattle, WA (206) 763-8200 El Segundo, CA (213) 322-8100. WESCO 
ELECTRONIC, Los Angeles , CA (213) 685-9525. WESTERN RADIO, San Diego, CA (714) 235·6571. CANADA CANADIAN DYNAMICS, LTD., Vancouver, B.C. (604) 325-3201 Calgary, ALB (403 ) 265-6500. CESCO 
ELECTRONICS, LTD., Montreal (504) 735-5511 Ottawa (613) 729·5118 Toronto (4 16) 638-5250 Quebec (418) 524-4641 Vancouver (604) 433-7834. HAMILTON ELECTRO SALES, Montreal (514) 735-6393 Ottawa 
(613) 725-3071 Toronto (416) 677·7432. SC HWEBER ELECTRONICS, Toronto (416) 925-2471. SEMICONDUCTOR SPECIALISTS, Ontario (416) 678-1444 . 
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4 % digits + 300% o"erranging 
• 3 -yr. warranty= 3400 DMM 

It's all relati,1e i11 a 
lticlloll M11ltimeter ... 

You get more than 4 digits in 
the Hickok 3400 Multimeter. 
You can also get 300% over­
ranging, so you can read to 
39999 on all 5 functions. This 
is for AC/DC voltage from 
10 µV to 1 kV, for resistance 
from 10 mQ to 40 MQ, and for 
AC/DC current from 10 nA to 
2 A. 

With the 300% option, you 
can read critical power supply 
outputs between 20 and 39 
volts to 5-digit resolution at 

HICKOK 
the value innovator" 

4-digit DMM prices. 
In addition, Hickok backs up 

the reliability of the 3400 with 
a 3-year warranty. This devel­
oped from Hickok's long ex­
perience as a pioneer in the 
use of LSI circuitry in test 
equipment. 

Price of the Hickok 3400 is 
$595. Send for the 3400 Series 
Data Sheet for complete speci­
fications on the 3400, as well 
as the Microvolt Multimeter 
and the Multimeter Counter. 

Instrumentation & Controls Division 
The Hickok Electrical Instrument Co. 
10514 Dupont Ave. • Cleveland, Ohio 44108 
(216) 541·8060 • TWX: 810·421·8286 
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Meetings 

International IEEE Gt AP Symposium 
and USNC/URSI Meeting: IEEE, u. of 
Colorado, Boulder, Aug. 21-24. 

17th Annual Meeting and Equip­
ment Display: SPIE, Town and 
Country, San Diego, Calif., Aug. 
27-29. 

European Microwave Conference: 
IEEE, IEE, Brussels University, Bel­
gium, Sept. 4-7. 

Western Electronic Show & Conven­
tion (W escon): W ema, Civic Audi­
torium and Brooks Hall, San Fran­
cisco, Sept. 11-14. 

Third European Solid-State Device 
Research Conference: IEEE et al., 
Munich Technical University, West 
Germany, Sept.1 8-21. 

International Conference on Engi­
neering in the Ocean Environment: 
IEEE, Washington Plaza, Seattle, 
Sept. 25-28. 

International Exhibition of Indus­
trial Electronics (Elettronica 2): Tu­
rin, Italy, Sept. 29- 0ct. 8. 

International Electron Devices 
Meeting: IEEE , Sheraton Park , 
Washington, D.C., Oct. 7- 10. 

Electronic and Aerospace Systems 
Convention (Eascon): IEEE, Shera­
ton, Washington, Oct. 8- 10. 

Optical Society of America Annual 
Meeting: OSA, Holiday Inn-Down­
town, Rochester, N.Y., Oct. 9- 12. 

International Telemetering Confer­
ence/USA: ITC, Sheraton North­
east; Washington, D.C., Oct. 9- 11 . 

Canadian Computer Show & Confer­
ence: CIPS , Exhibition Park, To­
ronto, Oct. 16- 18. 

American Society for Information 
Science Annual Meeting: ASIS, Hil­
ton, Los Angeles, Oct. 21 -25. 

Connector Symposium: Connector 
Study Group , Cherry Hill Inn, 
Cherry Hill, N.J., Oct. 24- 25 . 

Electronics/ July 19, 1973 





Increased power at no increase 

------------------------, HEWLETT-PACKARD 613/ GA 

Advanced Products Division 
10900 Wolfe Road • Dept. 2148 
Cupertino, California 95014 

Send now for FREE INFORMATION 
D Please send me a broch ure on the HP-45 and the HP - 35 . 

D Please send me an H P- 45. Enclosed rs my check fo r S395. • 

[] Please send me an HP-35 . Enclosed rs my check fo r S295. • 
·Add state and local taxes. Domestic U.S.A. prices only. 15 -day tnal 
. .. full refund 1f not sat1sf1ed! 

Name ____________ Dept. ___ _ 

Company _______________ _ 

Address _______________ _ 

City _______ State ___ _,_ip ___ _ 
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Advanced Scientific 
Pocket Calculator! 

In today's fast-moving world, your 
time is too valuable to spend solving 
problems the old-fashioned way with 
a slide rule, or waiting to use an 
on-line computer. 

The new HP-45 lets you solve 
even the most complex scientific 
and engineering problems in seconds 
-anywhere, any time-just by 
pressing a few keys! 

Identical in size to Hewlett­
Packard's famous H P-35, the second­
generation HP-45 features a unique 
Gold "Shift" Key that doubles the 
function of 24 keys, for increased 
capability ... nine addressable 
memory registers (plus five others) 
... and the ability to perform register 
and vector arithmetic. And the HP-45 
also has all the log and trig tables 
pre-programmed. 

Only an actual on-the-job trial can 
show you how valuable it can be 
to you. 

New reduced price on 
th popula HP 35 . $295 

The HP-35- the orig inal scientific pocket calculator that"s now 
the standard of the industry-is avai lable at a new, reduced 
price . . . $295. It has all the trigonometric, logarithmic, arith­
metic and data manipulation capabilities that have made it the 
indispensable tool of more than 75,000 scientists and engineers. 

The HP-45 and HP-35 come complete with: Battery pack• AC adapter/recharger 
• Leather carrying case • Safety travel case • Illustrated owner's handbook 
• Self -adhesive owner's name tags. The HP-45 also includes a Quick Reference Guide 
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in size or price! Only $395 ! 
Compare the HP-45's advanced features with 

those of any other scientific calculator! 

( 
z 

y 

~ x 

Gold "shift" key doubles the 
function of 24 keys ... helps 
give the H P-45 increased capability 
with no increase in size! Primary 
functions are labeled on the keys, 
alternate functions above. Gold 
key lets you shift from one to 
the other. 

~ 
T 

/ 

Operational stack 
has 4 registers ... for 
automatic storage and 
retrieval of intermediate 
solutions. The stack 
design permits review of 
stored data at any tim e. 

RAn 

Trig functions may be performed in any of 
3 selectable angular modes . .. degrees. radians 
or grads. Decimal angles are calculated in 
whichever mode is specified. The HP-45 also 
computes natural and common logarithms. as well 
as antilogarithms. 

Instant conversion from an angle in any 
angular mode to degrees / minutes/seconds 
(e.g., 45.89° ~ 45° 53' 24") ... with the answer 
automatica lly rounded to the nearest second. Or 
convert from 0 / M /S to the equivalent decimal angle. 

n' 
Factorial function allows rapid 
calculations of combinations 
and permutations ... to reduce 
problem-solving time to seconds. 
You can quickly find the factorial 
of positive integers. 

I I 

• Display formatting in fixed 
decimal or scientific notation 
... at the press of a key. And 
you can round off answers to any 
number of digits (0 to 9) displayed 
after the decimal point in either 
mode. Full accuracy is always 
maintained internally. 

9 additional memory registers 
are addressable . .. can be 
used for storage and retrieval of 
data. or to perform register 
arithmetic. A 10th ("Last X") 
register lets you recall last input 
argument for error correction 
or for multip le functions of same 
argument. 

Permanent U .S./metric constants permit 
instant conversion ... for rapid calculation 
of problems involving length, weight or volume. 
And you get 10-digit accuracy! 

+R 

Ill Instant conversion from polar 
to rectangular coordinates 
... or vice-versa. And vector 
calculations are simple when 
you also use the ~+ key to 
simultaneously accumulate 
two coordinates. 

Statistical analysis is easier . .. because 
the ~ + key provides a running total when 
summing numbers. keeps track of the number 
of entries. and automatically computes the sum 
of the squares. The x.s key calculates the 
arithmetic mean and the standard deviation. 

Hewlett-Packard pocket calculators ... 
If you work with numbers, you can't afford to be without one I 

HEWLETT PACKARD 

Sales. service and support in 172 centers in 65 countries 
Advanced Products Division • 10900 Wolfe Road • Dept. 2148 • Cupertino, California 95014 

The square root of the number 
displayed 
The square of the number 
displayed 
The reciprocal of the number 
displayed 
The raising of any positive 
number to any power 
The factorial of positive integen 
Percentage and percent 
differences 
Sum of the squares 
The mean of entries made with 
the "l:+" key 
The standard deviation of entries 
with the "l:+" key 

The decimal angle In any of the 
angular modes in the display to 
degr-/minutes/seconda 
The degr-/mlnutes/seconcla 
angle in the display to 1 
decimal angle 
Polar coordinates to rectllngular 
coordinates 
Rectangular coordinates to 
polar coordinates 
Centimeters to lnchM 
Inches to centimeters 
Kilograms to poundll 
Pounds to kilogram• 
Liters to gallons 
Gallons to liters 

Simultaneously ICCUl'hulate 
two sets of entries for statistical 
and veetor calculitions 
Allow for deletion of erroneous 
entries 
Recall the last argument of a 
calculation to check for accuracy 
Display tha constant Pi at the 
touch elf Ii key 
Permit selective data storage 
anti retrieval in up to 9 registen 
Operate in any of three 
trigonometric mode.....<tegrees, 
radians or grads 
Perform register arithmetic 
Perform vector arithmetic 
Fit in your shirt pocket 
Operate on rechargeable 
batteries or AC 

Ou•nthy discounts •v•ll•ble. 
Ask •bout th• comp/et• 
Hewlett-P•ck•rd line. 

Domestic U.S.A. prices only. 
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Type W variable resistors feature a 
solid hot molded resistance track 
for long operating life. Tests show 
less than 10% resistance change 
after 50,000 complete rotations. The 
noise level is low and the resolution 
is virtually infinite. Low inductance 
permits operation at high frequen-

cies where wirewound variable re­
sistors are useless. A lot of variable 
resistor for less than a dollar. Yi inch 
diameter, Yi watt rating at 70°C. Can 
be operated at 120°C ambient. The 
entire unit is immersion sealed . 
Available in resistance values from 
100 ohms to 5 megohms. Available 

If you're really 
serious about cost, 

be serious about quality. Actual 
size 

through your appointed Allen-Bradley 
Electronic Distributor, or write Allen­
Bradley Electronics Division , 1201 
S. Second St. , Milwaukee, WI 53204. 
Export: Bloomfield, NJ 07003. Canada 
Allen-Bradley Canada Limited , Cam­
bridge, Ontario. United Kingdom : 
Jarrow, County Durham NE32 3EN. 

Allen-Bradley 
Milwaukee, Wisconsin 53204 
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Intel trots out 

its 4,096-bit RAM 

Motorola quads 

driver-receivers 

Finns buy AIL 

landing system 

Corning realigns 

European operation 
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The long-awaited 4,096-bit n-channel random-access memory by Intel 
Corp. has made its debut. Though the device is not first in the 4k RAM 

sweepstakes at present [Electronics, July 5, p. 25], Intel's memory com­
ponents marketing manager, AC. (Mike) Markkula, contends it will win 
because it has the smallest chip size-137 by 167 mils-and can be mass­
produced at lower cost than those from TI, Mostek, and Microsystems 
International. The introductory price is $64 in 100-up lots at distribu­
tors, but Markkula predicts the price in high volume eventually will 
drop to 0.1 cent a bit, or $4 a unit. 

Despite n-channel processing and high-voltage operation, the 2107 is 
slow compared with lk RAMs. access time is 600 nanoseconds, read cycle 
time 950 ns, write cycle 1,500 ns and read-modify-write 1,750 ns power 
dissipation is relatively low, though- typically 0.4 milliwatt in a power­
down mode without refresh, 27 mw on standby with 10% refresh duty 
cycle, and 264 mw in full operation (maximums are 3.8, 39, and 354 
mw, respectively). Power supplies are + 12, + 5, -5 volts, and ground. 
The RAM is TTL-compatible and uses a single clock. All decoding is 
done on the chip and read operations are nondestructive. 

Motorola will soon introduce the first quad twisted-pair line drivers 
and receivers on the market. The company, which has had EIA modem 
driver-receivers (MC 1488-89) for over two years, is putting the equiva­
lent of two of the popular 75107, 75108, and 75110 dual . units in single 
16-pin packages. The MC3450, similar to the 107 receiver, will have 
tristate like the strobe National dual LM163 recently introduced. The 
MC3452 receiver will have open collector output like the 108, and the 
MC3453 will be a 12-milliampere driver. The Motorola quads have 
single rather than dual inputs because of package pin limitations. Price 
will be about 1 Y2 times that of the duals. 

AIL's microwave scanning-beam landing system continues to do well in 
Northern Europe, even as the company refuses to bid on the FAA's 
request for an interim microwave landing system (seep. 42). Fifteen air­
borne receivers, four ground stations, and a test set have been sold to 
Sweden's Saab-Scania, the aircraft manufacturer, for new D raaken 
fighters bought by the Finnish Air Force. 

The system is the Tactical Instrument Landing System (TILS) or­
dered more than three years ago from Cutler-Hammer's AIL division in 
D eer Park, N.Y., for the Swedish Air Force's Viggen short-takeoff-and­
landing fighter. In addition, field trials are beginning this week in Nor­
way of Co-Scan, the commercial version of TILS. 

Corning Glass Works, whose sales in Western Europe now run some 
$200 million a year, plans to tighten up its network of plants and sales 
companies in the area. For starters, the company earlier this month put 
its passive-components business under the wing of a headquarters com­
pany called Corning Electronics Europe. Based in Paris, it will manage 
joint efforts in marketing, product development, and procurement for 
Sovcor in France, Electrosil in Great Britain, and Sovcor's sales su bsid-
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Near-field antenna 

measurement eyed 

Honeywell poised 

for Moscow opening 

Memorex quitting 

mainframe business 

Electronics newsletter ___ _ 

iary in West Germany. The group this year expects sales will be around 
$20 million; its main products are film resistors, professional-grade ca­
pacitors, potentiometers, and hybrid circuits. Corning's semiconductor 
affiliate, Signetics, will not join the group effort at the moment, mainly 
for legal reasons. 

Near-field antenna pattern measurements, a concept pioneered a dec­
ade ago by the National Bureau of Standards at its Boulder, Colo. , 
Laboratories, may finally be finding acceptance. And as is often true in 
accepting new concepts, economics is the apparent impetus: Two large 
aerospace firms are considering the technique to avoid building new 
anechoic chambers for antenna measurements on new satellites and 
other spacecraft. 

The technique uses many measurements made by probes within a 
few wavelengths of an antenna, and a computer generates a pattern 
from this data. A 6-by-6-foot frame with probes every half-wavelength 
is typically required. Near-field measurement, most useful in the low­
gigahertz range, requires sophisticated fast fourier transform algorithms 
developed only in 1965, which is why the technique has become prac­
tical only in the last few years. There are small correlation problems 
with traditional measurements, but a source at NBS says, "We think the 
problems are in their measurements." 

Honeywell Inc. may well be the next big U.S. company to open a Mos­
cow office, while continuing a determined drive to boost its sales base in 
the USSR. It would join 10 U.S. firms accredited to Moscow since last 
summer, including GE and Hewlett-Packard [Electronics, July 5, p. 25]. 

Over the past 10 years, Honeywell has sold 52 complete computer­
control systems to the Soviets, through its French affiliate, Honeywell­
Bull , including those for the Fiat-built auto plant in Togliatti and a 
state banking network in Leningrad. Now Honeywell is bidding to sup­
ply computer, instrumentation, and control equipment for the huge 
Kama River truck project and the North Star natural gas project in 
Western Siberia being proposed by Tenneco Inc. , Brown and Root, 
and Texas Eastern Transmission. Honeywell would equip pipelines, 
pumping stations and other parts of the latter project. 

Memorex Corp. is dropping out of the computer mainframe market, 
negotiating sale of a controlling interest to the Singer Co. and offering 
its creditors stock in an effort to climb out of a "negative net worth" 
hole. Memorex went deeply into debt to bring out the M RX/ 40 and 
M RX/50 computers last year, then found itself unable to borrow all it 
needed for full operation in 1973. Singer would pay $15 million for 
equity securities, plus a majority vote and the right to obtain a majority 
of Memorex stock. 

If approved, the Singer deal would pave the way for conversion of 
part of the Memorex debt to pref erred stock by the Bank of America 
and other creditors. Though the bank balked at lending Memorex the 
$79 million it needed for 1973- after previously advancing some $130 
million in credits-the bank has been providing Memorex with enough 
cash to keep going. 
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UNITRODE OFFERS THE 
HIGHEST SURGE RATINGS IN THE INDUSTR.,, 

Irr THE PRICE OF ORDINARY DEVICES. 

Whatever your needs in hi-rel and 
military zeners from 1 watt up, 

Unitrode will give you more. 10 watt 
zeners f rom Unitrode will give you 
600% higher surge protection than 

conventional 10 watt types - 35% 
higher than ordinary 50 watt types. 

And Unitrode 1.5 watt, 3 watt, 5 watt 
and 6 watt devices provide propor­

t ionally higher surge capabilities than 
their conventional counterparts. 

Some series are available up to 400 
volts. These unmatched capabilit ies 

are achieved through Unitrode's 
unique fused-in-glass construction. A 

silicon wafer is tly be-
tween the termln · g 

the whisker. A slAM-.o 
is then fused to the exp 

surface resulting in av 
monolithic structure that exce 

the environmental requirements of 
MIL-S-19500. The 1.5 watt IN4461 
series is available as JAN and 
JANTX devices to MIL-S-19500/406 
and the 5 watt IN4954 series is 
available as JAN and JANTX devices 
to MIL-S-19500/356. And Unitrode 
can really service these specs. 
Shipment is from inventory. 
Now that you know you don't have to, 
why settle for less than the best? 
For fast action, call Sales Engineering, 
collect (617) 926-0404. Unltrode 
Corporation, Dept12'( 580 Pleasant St. , 
Watertown, Mass. 02172. 
For the name of your local Unitrode 
representative, dial (800) 645-9200 
toll free or in New York State (516) 
294-0990 collect. Check list ing below 
for your nearest Unitrode distributor. 

U NITRDDE 
Unitrode Franchised Distributo11: ARIZ., Kierulff, Phoenix (602) 273-7331; CAL, Kierulff, Los Angeles (213) 685-5511, Palo Alto (415) 968-6292, San Diego (714) 27S.2112; CANADA, 
Schweber, Toronto (416) 925-2471; COLO., Kierulff, Denver (303) 343-7090; FLA, Schweber, Holl)'WOOCI (305) 927-0511; GA., Schweber, Atlanta (404) 449-9170; ILL., Schweber, Elk 
Grove (312) 593-2740; MD., Schweber, Rockville (301) 881-2970, Technico, Baltimore (301) 82"416; MASS., Schweber, Waltham (6ln 89(}.8484; MICH., Schweber, Troy (313) 583-9242; 
NJ., Schweber, Somerset (201) 469-6008; N.M., Kierulff, Albuquerque (505) 272-1055; N.Y., Schweber, Rochester (716) 32s.4180, Westbury (516) 334-7474; N.C., Schweber, Raleigh 
(919) 832-8881; OHIO, Schweber, Beachwood (216) ~2790; TEX., Kierulff, Garland (214) 271-2471, Hamiltoll-ftmet, Dallas (214) 63s.2850, Houston (713) 526-4661, lenert, Houston 
0 131225-1465; UTAH, Alta Electronics, Salt Lake City (801) 486-7227; WASH., Kierulff, Seattle (206) 763-1550. 

See EEM Section 4800 and EBG Semiconductors Section for more complete product listing. 
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SOL VE YOUR CIRCUIT DESIGN PROBLEMS WITH 

VERSATILE AISilU~.Q CERAMICS 

TO GET RID OF HEAT 

Substrates of AISiMag® 794 ceramic 
conduct heat about like the metal 
aluminum . This remarkable thermal 
conductivity plus its excellent elec­
trical insulation characteristics and 
ability to accept metallization have 
solved many problems of how to 
dissipate heat from electronic cir­
cuits. Bulletin 724 on request. Phone 
615/265-3411. Telex 558432 . 
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FOR LIGHT SENSITIVE DEVICES 
OR FOR 

CONTRASTING BACKGROUND 

AISiMag® black ceramics have great 
strength , dimensional accuracy, sta ­
bility and reliab ility . Black substrates 
of AISiMag® 777 are especially 
suited to molymanganese metalliza ­
tion, giving good bond strength . 
Substrates in this superior quality 
black ceramic are available in single 
or multilayer configurations. Phone 
615 / 265-3411. Telex 558432 . 

Circle 218 on reader service card 

TO MATCH 
THERMAL EXPANSION OF GLASS 

Where a hermetic seal to glass is 
needed, AISiMag® 842 ceramic can 
solve your problem . Its thermal ex­
pans ion closely matches that of the 
most frequently used glass and 
forms a reliable hermetic seal. Sub ­
strates can be made to the dimen ­
sional accuracy you require and 
with metallization, holes, slots , or 
depressions as needed. Phone 
615/ 265 -3411 . Telex 558432. 
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WITH HIGH DIELECTRIC 
CONSTANTS 

Low loss/ frequency stable dielectric 
materials are available with tem ­
perature coefficients ranging from 
+ 160 PPM to -5600 PPM and with 
d ie lectric constants from 6 to 850. 
For filtering , by-passing, coupling 
or other applications requiring high 
capacitance in small volume, dielec­
tric constants from a few hundred 
to 9000 are ava ilable. These ma­
terials can be engineered for your 
specific needs . Bulletin 700 on re ­
quest . Phone 803 / 682-3215. Telex 
570449. 
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TO SAVE SPACE 

Multi layer substrates have conduc­
tors buried in ceramic planes one 
on top of the other. They have a 
top layer available for your custom 
designed, high reliability thick or 
thin film circuits. The conductive pat­
terns are separated and insulated 
by planes of ceramic . .. NO glass . 
Also used as bases for complex 
mult i-chip circuits. When air firing is 
required , substrates can be supplied 
with noble metals, surface and 
buried. Bulletin 725 on request. 
Phone 615 / 265-3411 . Telex 558432 . 

Circle 217 o n reader service card 

TO REDUCE 
PROCESSING COSTS 

A wide choice of ceramic materials 
to best suit your needs , developed 
for thick and thin film processes . 
Single source responsibility for cus­
tom grind ing , lapping, glazing and 
metallization. Snap -Strates to reduce 
your processing costs for multiple 
depositions . Bulletin 712 on request . 
Phone803 / 682-3215 . Telex 570449. 

Circ le 220 on reader service card 

You can save time and money with this single-sou rce responsibility for custom 
substrates, pattern generation , metall ization and plating . 

~UH~IDIARY Ot . m 



Electronics review __________ _ 
Significant developments in technology and business 

Prevention years 
away as computer 
crime increases 

Conference points out that 

many regard it a challenge, 

not unethical, to crack codes 

and gain illegal data entry 

The outlook for the prevention of 
crimes against computers is not 
good. That gloomy prmpect was en­
visioned last month at a Stanford 
Research Institute seminar despite a 
drop in the number of cases re­
ported. While vandalism has been 
curtailed by the restoration of peace 
to America's college campuses and 
better protection of computers, 
other types of crimes have increased 
the magnitude oflosses. 

Among the points made during 
the discussion by some 50 computer 
system planners, managers, consul­
tants, lawyers and criminologists 
were: 
• The reduction in reported cases is 
no proof the crime wave has sub­
sided. Companies victimized by em­
bezzlers rarely publicize their losses, 
and, as security measures force em­
bezzlers to become more sophis­
ticated, the embezzlers will prob­
ably become greedier and harder to 
catch. 
• It will be at least four or five years 
and possibly 10 years before systems 
invulnerable to white-collar crimes 
can be developed. Meanwhile, rapid 
increases in numbers of computers 
will increase the number of potential 
perpetrators of computer crimes. 
• Skilled operators of time-shared 
systems still penetrate system de­
fenses with little difficulty. Many 
consider it a challenging game, 
rather than unethical conduct, to 
discover access codes, rifle a com-
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petitor's software, and in some 
cases, "crash" the programs. Such 
activities have not been prosecuted 
in most states because they have not 
been made illegal. 
• To protect themselves, businesses 
will have to adopt more stringent 
access control and auditing proce­
dures. To prevent embezzlement, 
administrative, programing and op­
erating personnel should be "com­
partmentalized" to prevent collu­
sion. Collusion has occurred in 
about a third of financial fraud and 
theft cases, a much higher propor­
tion than in non-computer cases. 

Call it abuse. The seminar, be­
lieved to be the first conference on 
computer crime since 1971, was or­
ganized by Donn B. Parker, of SRI. 
Parker wanted suggestions of pre­
ventative methods before complet­
ing a study of computer abuse for 
the National Science Foundation. 
The study, which began in April, is 
based on a file of 149 cases of com­
puter abuse that Parker has col­
lected during the past three years 
(Parker prefers the term "abuse" 
rather than "crime" because many 
of the reported cases could not be 
prosecuted). 

To date, Parker has documented 
54 of the 149 cases. He hopes to de­
velop a "computer threat" model by 
classifying the modus operandi of 
miscreants. The model would be 
used to develop a secure system 
model and eventually a secure sys-

tern. It will be at least four or five 
years, SRI engineers estimate, before 
a secure system exists. 

Parker's statistics indicate that the 
average financial crime with com­
puters involves a loss of about $1 
million compared with about 
$100,000 for conventional embezzle­
ments. And, he pointed out, the 
crimes are typically discovered by 
accident rather than by audits. For 
example, a bank teller in New York 
was caught when a police raid on a 
bookie joint revealed he had been 
placing large bets. He was charged 
with using his computer terminal to 
embezzle $1 ,500,000 over five years. 

Parker predicts that computers 
will cause the total number of 
white-collar crimes to drop but that 
the criminals will steal more to jus­
tify the difficulty of finding "win­
dows" in security measures. Once a 
window is found, a "million thefts a 
second" become possible. He also 
sees a trend toward unauthorized 
use of credit rather than thefts of 
money. Because credit can be trans­
ferred into an account, used, and 
then transferred out in micro­
seconds, such maneuvers will be 
very difficult to detect. 

Time-shared target. Unauthorized 
use of time-shared computers is 
commonplace and rarely prevented 
by law. In a review of computer law, 
Susan Nycum of the Stanford Uni­
versity Law School pointed out that 
programs are protected by trade-
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secret and property laws in only a 
few states. Copying programs via 
phone lines or filching "free time" 
aft er access codes have been 
breached are actions usually not 
prosecuted because it is hard to con­
vince judges that a property loss oc­
curred . The only effective defense, 
the conferees agreed, is to cut off the 
phone lines and refuse to share pro­
grams-procedures that are gener­
ally impossible to put into effect to­
day. 

A group from Mitre Corp. re­
ported that Mitre is researching 
methods of preventing such maneu­
vers from being used in military 
computers. Mitre has spent five 
years developing a mathematical 
model of an access control that 
would concentrate system security 
in a single, inviolate "kernel" of se­
cure software and hardware. It 
would detect unauthorized access 
and attempts to upgrade an oper­
ator's security classification through 
software manipulation. However, 
development of an operating system 
is expected to take five years. D 

Communications 

Comsat wants small 
earth terminals 

Large manned ground stations with 
steerable dish antennas are fine for 
heavy traffic over the international 
satellite networks, but they are too 
expensive to build and maintain for 
smaller domestic and regional appli­
cations. By turning to solid-state 
components, engineers at the Com­
munications Satellite Corp. Labora­
tories, Clarksburg, Md., have de­
signed a smaller automated station 
to cut the complexity and man­
power costs. The modular design of 
the station enables small countries 
to afford it [seep. 69]. 

Called the Reliable Earth Termi­
nal (RET), the station is designed to 
carry analog and digital communi­
cations over as many as 12 channels 
while under the direct control of a 
remote manned control center, 
which could direct from 10 to 100 

34 

Cost conscious. Comsat Labs' automated earth station makes maximum use of solid-state 
components to cut costs to about a third of present stations. 

similar RETs. The design goals for 
the prototype system were: 
• A seven-year lifetime. 
• Switching, sequencing, and super­
visory functions to operate auto­
matically from a remote center. 
• Modularity. 
• Fail-soft operation so that the 
parametric and intermediate-fre­
quency amplifiers continue to pass 
signals at reduced gain, should one 
stage fail. 
• Transmission parameters and 
quality high enough to meet pro­
posed U.S. domestic system and in­
ternational network standards. 

Louis Pollack, head of Comsat 
Labs' technology division, estimates 
that an eight-channel RET would 
cost about $1 million, about one­
third the cost of current terminals. 

What was done. "The trouble with 
current earth terminals is that 
they're designed as a response to an 
RFQ. They're not designed scien­
tifically," comments William K. 
Sones, senior staff scientist with 
Comsat Labs' Technology division. 
Comsat engineers focused on sev­
eral key areas to improve existing 
designs. They replaced cryogen­
ically cooled parametric amplifiers 
with uncooled fail-soft ones and 
high-powered water-cooled amps 
with multiple low-powered, air­
cooled power amps. They relocated 
the telephone multiplexing equip­
ment and also substituted a fixed 
torus antenna with a movable-feed 
combination for the world-coverage 
steerable-dish antenna. 

The result is a much smaller sta-

tion. There is only one vacuum tube 
in each transmitting chain-a high­
gain 400-watt traveling-wave tube 
driven by a solid-state parametric 
up-converter. "It's the only tube in 
the terminal; everything else is solid 
state,'' Sones says. Microwave !Cs 
are used extensively. 

By contrast, present terminals use 
one big high-power amp to drive the 
multiple carrier channels. This is 
clearly inefficient, Sones says, be­
cause "you're putting in 90 kilowatts 
of power and only getting 2 to 3 kw 
out." That, plus a backup amplifier 
and a big $25,000 tube increase 
costs. Instead, Comsat gave each 
carrier channel its own high-power 
amp. "The big problem was how to 
combine them" into the single chan­
nel that feeds the antenna, Sones 
says, but that was solved by using 
dual-mode eliptical filters. 

The receiver design got consider­
able attention, too. For example, if 
one stage of the uncooled para­
metric amplifier fails, it still func­
tions at reduced gain. D 

Components 

SAM-0 connector 
pact sets precedents 

The airborne guidance system of the 
Army's SAM-D air defense missile 
requires about 90 different connec­
tors, all unique, all of which must be 
developed from scratch. Tradition-
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ally, as many as 40 to 50 subcon­
tractors may make connectors for 
such a system, but this time around 
the Raytheon Co.'s Missile Systems 
division, Bedford, Mass., SAM-D 
prime contractor, decided to solicit 
bids on only two contracts, one for 
rf and one for multi-pin connectors. 

The winning bids on both of them 
came from Amphenol Components 
Group's SAMS division in Chat­
sworth, Calif-the first time, Ray­
theon believes, that a connector 
contract for such a program has 
been let to a single company. Why 
the decision to go with one subcon­
tractor? William Thibodeau, project 
engineer, says that connectors form 
at least 10% of a typical system, but 
have traditionally gotten short shrift 
in system planning. 

Fragmented. When contracts are 
scattered among many companies, 
the task of coordinating them all 
can be formidable. Not all connec­
tors may be compatible with the sys­
tem, and it can be difficult to control 
costs. 

The fact that all subcontracting 
management is under one roof is 
one bonus of the arrangement. 
Terence Bracken, project engineer 
at Raytheon notes, "We have the at­
tention of management and . . . we 
get consideration that permits us to 
develop in a timely manner; this is 
difficult if you deal with a multiplic­
ity of houses." Once production 
starts, it keeps on rolling, and if new 
connectors are needed, they don't 
have to be put up for bid. The con­
tract with Amphenol also calls for 
test connectors and equipment, usu­
ally an afterthought in most con­
tracts, the Raytheon engineers say. 

Amphenol won the contract with 
a bid of $5 million. Bracken esti­
mates that, handled traditionally, 
the cost could easily have been twice 
as much. Part of the savings come 
from reduced engineering costs-for 
instance, Amphenol is doing one 
documentation package for the final 
procurement, instead of Raytheon's 
doing the same job, and for several 
suppliers. Dealing with one com­
pany also cuts down management 
overhead at Raytheon; Thibodeau 
notes that Raytheon has quality as­
surance and reliability people, and 
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others responsible for the connec­
tors, and "trying to impress their 
needs on 50 companies can be 
hard.'' 

A drawback to having only one 
source is that a problem can affect 

· the whole operation. On the other 
hand, Thibodeau points out, "you 
can solve [the problem] once and it 
it solved for the whole system.'' 

Cutting costs. Besides engineering 
and management savings, Amphe­
nol also offered a connector system 
that was more cost-effective, says 
Thibodeau , and considerably 
smaller than those generally used in 
military systems. 

The rf connectors will be supplied 
by the Amphenol RF division, Dan­
bury, Conn., and the multi-pin con­
nectors by the Amphenol Connector 
division, Broadview, Ill. 

A key to the cost effectiveness of 
the multi-pin connectors is the use 

of interchangeable piece parts. Each 
front insert and rear retention disk 
pair can be used with a variety of 
pin styles. 

Amphenol's choice of Astrel 
P-360 as the molding material is an­
other plus. This polarylsulfane pro­
duced by 3M can retain the clip 
without a retention clip. Because its 
strength is twice that of conven­
tional materials, Astrel P-360 re­
quires increased molding pressure, 
but its cure time is considerably 
shorter so that more devices can be 
made from fewer molds, lowering 
tooling costs. 

Amphenol also broke precedent 
by using machined instead of 
molded parts in the breadboard 
stage. This allowed parts design to 
be changed inexpensively, and the 
first shots of the mold were consist­
ently better than usual as a result. 

The arrangement may well set a 

Instrument hastens identification 
of disease-carrying micro-organisms 
Botulism-the bacte ri a-caused mal­
ady that periodically causes a wide­
spread scare and a reca ll of canned 
foods- could be combatted earlier 
than is now possi ble with the help of 
an electronic instrument developed 
by Appl ied Mag net ics Corp., Santa 
Barbara, Calif . 

The Bactometer 100 can quickl y 
identify the micro-organisms that 
cause food spoilage and possible 
poisoning . It provides results auto­
matical ly in an hour or less com­
pared with the length ier co nven­
tional process of growing cultures 
and turning them over to skil led 
technicians for an alysis under a mi­
croscope . 

Similar equipment is just now 
being tested in clinical laborator ies 
for such maladies as gonorrhea, 
now detected by simi lar cu lture 
growth. Applied Magnetics, how­
ever , is marketing its instrument 
only in the food processing field 
th rough two food equipment divi­
sions: Key Equipment Co .. Mi lton­
Freewater , Ore .. and Electro Sonic 
Control, Manteca, Calif . It will be 
priced at $7 ,500 to $15,000 when it 
becomes available next summer. 

Although the new test instrument 
also works on cultures, its high sen­
sitivity permits much faster results 
than optical methods. It 's basically a 
sophistic ated impedan c e bridge 
that exploits modern circuit tech­
niques. In use, two samples are pre­
pared, one with the test material in a 
liquid culture and the other a refer­
ence in a sterile medium. The two 
cu ltures are subjected to favorable 
growing conditions, and their im­
pedances plotted on an integral 
str ip chart recorder. If growth takes 
place in the test sample , indicating 
contamination , its im p edanc e 
drops. 

Identity. Specific bacteria or 
other mic ro-organisms have char­
acteristic growth-curve '' finger­
prints"; still more assured identi­
ficat ion is possible if a medium 
favorable to the suspected contami­
nation is chosen. The amount of mi­
cro-organisms is al so indicated . 

The bactometer operates auto­
matically once test samples are in­
serted , and no special operating 
skills are required. A number of 
samples can be processed simulta­
neously . 
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pattern for future contracts. "Con­
trol of vendor selection is taken out 
of the engineers' hands and be­
comes a management function ," 
Raytheon SAM-D project engineer 
Thibodeau says. D 

Commercial electronics 

Computerized scale 
weighs railroad cars 

The only thing that moves in an 
electronic weighing system recently 
installed in Alexandria, Va., rail­
road hump yards is the freight car 
being weighed . The computerized 
scale, which railroad officials say in­
creases accuracy and efficiency, 
weighs single cars traveling about 
10 miles per hour with a high ac­
curacy- within 50 pounds for a 
17 6,000-lb car, according to recent 
tests conducted by the operating 
railroad. 

Humped. National Bureau of Standards test car approaches 20-ft. section of track where 

electronic scale weighs it in Alexandria, Va ., railroad hump yard. 

But how does the scale differ­
entiate the extraneous forces, such 
as those from out-of-round wheels 
or sloshing liquid loads, from the 
weight? "That's what took us 13 
years and $3 million to find out," he 
answers. 

Developed by Sands Measure­
ment Corp., Dallas, Texas, the scale 
uses a fixed-program minicomputer 
"of our own design" which takes 
analog inputs from track load cells 
or weight sensors and processes 
them digitally to derive the weight, 
says president S.H . Raskin. 

Raskin says his scale uses the 
"bending-beam principle" instead 
of the "vertical support" approach 
so that the scale only measures the 
vertical weight source and not the 
horizontal. He explains that the pro­
prietary "electromechanical system" 
measures the bending of the steel 
structure that supports the rails and 
translates that weight force into 
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From railroad cars to diapers 

S.H . Raskin of Sands Measurement Corp. calls his scales " force-measure­
ment devices" and says they can count as well as weigh using the " bend­
ing-beam principle. " Sands has sold its devices to a linen service to count 
piles of diapers speedily. And in other applications they ' re used to tally milk 
containers by weight and to count stacks of bank notes. 

For more conventional uses , a major 
drug company weighs drugs in 2-gram 
increments up to 25 kilograms, and a 
dairy uses a " sloshing-kilogram " ver­
sion that weighs milk containers as 
they move along a filling line to prevent 
overfilling. For post offices, the scale 
not only replaces four conventional 
units but weighs accurately to half the 
weight of a postage stamp, or 50 mil­
lionths of a pound . General Motors 
Corp. uses one in an engine foundry , 

I 
and Sands has sold 60 " to a major air­
line" as part of a computerized bag­
gage system. The same computer is 
used in all the scales. 

voltage "with all the jiggling and 
bouncing and perturbation tran­
sients, computes the accurate weight 
and throws away the garbage." 

Simple. The Sands scale, a main­
tenance-free,. self-contained, welded 
structure, needs no below-ground 
concrete and can be installed in a 
few hours. Conventional scales re­
quire extensive and costly construc­
tion and about 105 feet of track. The 
new scale uses four strain-gauge 
sensors on each of two parallel 20-ft 
rail sections and weighs each rail in­
dependen tly, but simultaneously, to 
cope with cars with off-center loads, 
Raskin says. 

Thus, the scale "weighs each end 
of the moving car, and the computer 
totals th e weights to get the car's to­
tal," he says. As the car moves over 
the scale, a worker punches the car 
number and empty weight into a 
keyboard. After the computer de­
rives the weight, it transfers the re­
sult to a remote terminal, which 
prints out a ticket listing the date, 
time, and car number, plus gross, 
empty, and net weights. 

The market should be good for 
the new technology, Raskin says, 
because there are more than 6,000 
railroad scales in the U.S., many of 
them 40 years old. Sands builds 
three types of electronic scales­
static, uncoupled moving-car, and 
coupled moving-train systems-cost­
ing from $35,000 to $150,000 each. 
Sands has sold dozens of railroad 
scales, but the Virginia model was 
the first in its single-moving-car line ; 
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Select any of 5 
display modules . . . 

.. . 15 plug-ins . . . 
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or rackmount 

Measurement capabilities, appl ica­
tion flex ibility and a conservative 
price tag are three sound reasons 
for spec ifying Tektronix 5100 Series 
low-frequency oscilloscopes. 
Designed to keep pace econom­
ically with changing measurements 
and applications, the 5100 Series 
offers a choice ... five display un its 
featuring dual and single beam, 
storage and non-storage displays .. . 
fifteen low-cost, interchangeable 
plug-ins with 1-8 traces . . . normal 
and delayed sweep ... bench or 
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operation from DC to 2 MHz. 
Depending upon plug-in selection, 
the 5100 provides conventional or 
differential measurement capabil­
ities, curve tracing, and even 
sampling to 1 GHz. The scope buyer 
may now select the exact config­
uration and capab ilities to meet his 
present needs, and be confident 
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Richmond, Fredericksburg & Poto­
mac Railroad officials express 
delight with the"scale, which weighs 
about 1,500 cars a day. 

Because the scale can differ­
entiate flat wheels and skewed axles, 
Raskin says, he can add a safety-in­
spection module onto it. Moreover, 
automatic car-identification sys­
tems, which log car numbers by 
scanning colored bar codes, also 
could be incorporated, he adds. D 

Production 

GaAs crystal grower 

promises price cuts 

While interest in gallium arsenide 
has been growing, those who want 
to use it have sometimes been 
driven to the extreme of jury-rigging 
GaAs crystal growers from silicon 
crystal growers-not .always a satis­
factory method of production, be­
cause, among other things, GaAs 
production requires a pressure of 
20-30 psi in the furnace, while sili­
con can be grown at atmospheric 
pressure. Now Varian Associates, a 
major bui lder of silicon crystal 
growers, has a commercial GaAs 
crystal grower, the Varian / NRC 
model 2835. 

The 2835 employs a Czochralski­
type crystal-growing furnace like 
that used for growing silicon, in 
which the crystal is pulled vertically 
out of the furnace. And, thanks to 
its much larger GaAs output, says 
Dennis K. Williams, product man­
ager for advanced material equip­
ment at the Vacuum division's NRC 
operation in Lexington, Mass., users 
of the system can sell the material 
for $3 to $4 a gram, or half to a 
quarter the usual cost. 

"With the Czochralski method, it 
is easy tb control parameters like 
pull rate and diameter of the crystal, 
and you can start over again if you 
make a mistake," he explains. In 
contrast, the Bridgman technique 
now used to produce most GaAs 
embodies a horizontal process-the 
melt is moved in a boat from a hot 
zone through a thermal gradient 
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and slowly frozen. "This is a long, 
slow process," Williams notes, "and 
you don't have too great control 
over it." 

A 'complete Varian system in­
cludes a power supply, furnace tank 
and growing chamber, graphite hot 
zone, isolation valve, crucible, seed­
lift rotation mechanism, and all 
electrical controls. 

Already at work. The first of the 
$25,000 to $30,000 systems are in 
operation, and Williams claims that 
"from what people have told us, on 
a machine-for-machine basis, the 
Czochralski method outproduces 
the Bridgman method by a factor of 
two or three." Crystal size can range 
up to 2.25 inches in diameter and 16 
inches long, and production speed is 
variable from 0.2 to 2 inches per 
hour. 

The 2835 now has a hot zone 5 
inches in diameter, but within 12 to 
18 months, Williams says the com­
pany expects demand to be great 
enough to call for furnaces 8 inches 
in diameter, such as are used in sili­
con crystal growers. 

''The demand at this point is just 
astounding for GaAs," Williams 
says, likening it to the state of the 
silicon business 10 years ago. He ex­
pects demand to grow at an expo-

GaAs grower. Varian 's Czochralski unit. 

nential rate for a while. He points to 
a paper by J.F . Wenkus of Arthur 
D. Little Inc., that puts 1973 sales of 
GaAs at $23 million and 1975 sales 
at $35 million. 

One of the major uses of GaAs is 
in light-emitting diodes, and Wil­
liams says that Czochralski-grown 
GaAs accepts the epitaxial layer ap­
plied to LEDs better than Bridgman­
grown GaAs. "This is related to dis­
location density," he says, "-the 
greater the density, the better." O 

Military electronics 

Awards resurface 

Project Sanguine 

Whatever became of Project San­
guine? With the award of three 
competitive contracts for design of 
the extremely low-frequency system 
for secure communications with the 
U. S. fleet ballistic-missile subma­
rine force around the world, the 
Naval Electronic Systems Com­
mand has given one more signal 
that it has not given up on the once­
controversial project [Electronics, 
Nov. 24, 1969, p. 48]. 

But the course set for Sanguine by 
Navelex is clearly a more cautious 
one, reflecting perhaps a certain ma­
turity following its 1969 flap with a 
small but vocal group of environ­
mentalists. They protested to Con­
gress the Navy's selection of the 
bedrock under Wisconsin's Che­
quamegon National Forest as a site 
for burying its Sanguine communi­
cations grid. After Sanguine's oppo­
nents claimed the proposed system 
measuring 150 miles on a side 
would wreck the forest primeval, 
causing radiation pollution that 
would damage animal and plant 
life, the Navy went back to the 
drawing board. 

After more than three years and a 
variety of contract studies by groups 
ranging from MIT's Lincoln Labora­
tory to the National Academy of 
Sciences, the American Institute of 
Biological Sciences, plus other site 
surveys, Navel ex found it could 
sharply reduce the system's cost and 
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size, cut its power requirements 
from 300 amperes to 150 and locate 
it in a variety of places that also fea­
tured nonconductive rock forma­
tions (see p. 79). 

Awards. Following completion of 
the $3 million "concept validation" 
design proposals by GTE Sylvania 
Electric Products Inc., Waltham, 
Mass., RCA Communications Sys­
tems, Camden, N.J., and TRW. Sys­
tems Group, Redondo Beach, Calif., 
Navelex expects to award one, pos­
sibly two, full-scale development 
contracts in the spring or summer of 
1974. Full-scale development, ex­
plains Navelex carefully, will not 
mean pushing ahead with an all-up 
system. Instead, it will cover "full­
scale design, prototyping of some 
key components, and possibly some 
work on developing" modularity. 

Solar energy 

That two-year effort makes a pro­
duction decision on Sanguine im­
possible before the end of 1976. 
And, adds the Navy, "there will be 
no significant adverse environmen­
tal impact" during the development 
phase in which prototype hardware 
"will be installed and tested at the 
existing Wisconsin test facility or 
other sites as appropriate." 

In its ongoing reevaluation of 
Sanguine, the Navy has determined 
an effective system can be built us­
ing 100 times less radiated power 
than originally proposed. In terms 
of costs, estimates are now running 
"between $100 million and $400 
million depending on the capability 
the Navy wants to buy." These fig­
ures compare with projections of 
$800 million up to $1.2 billion m 
years past. D 

Solar cell prices dropping, but broad 
terrestrial use awaits mass production 

The price of silicon solar cells 
is beginning to float downward, a 
prerequisite for more widespread 
terrestrial applications of the power­
collecting devices. At the same time, 
performance of both silicon and 
cadmium-sulphide solar cells con­
tinues to climb as technologies im­
prove. But mass applications await 
volume production. That was the 
consensus at the International Solar 
Energy Conference earlier this 
month in Paris. 

Up to now, the solar-cell market 
has been small and limited to space 
applications [Electronics, May 22, 
1972, p. 67]. Just two companies 
share the $5 million worth of busi­
ness of the whole U.S. space pro­
gram, points out Joseph Lindmayer, 
director of the Comsat Physics Lab-

~bratory. They are the Centralab di­
vision of Globe Union Inc. and 
Heliotek division of Textron Inc. 
But late last month Exxon Enter­
prises Inc., a subsidiary of the Ex­
xon Corp., agreed to back the Solar 
Power Corp. Solar Power, set up in 
April, will manufacture and market 

40 

a silicon cell designed by Exxon for 
such earthbound applications as 
navigation aids, standby power sys­
tems and power for remote commu­
nications and environment monitor­
ing equipment. Solar Power 
president Elliot Berman claims the 
basic 1.5-watt module is made up of 
five cells and sells for $30 in quan­
tities of more than 1,000. For space 
applications, by contrast, peak wat­
tage costs between $100 and $200. 

At work. Solar Power's arrays are 
already in use on offshore gas pro­
duction platforms to power naviga­
tion signals, in the Yellowstone 
National Park to power radio re­
peaters, and on railroad systems to 
power microwave signals for train 
traffic control. 

Spurred by the domestic space 
program, the French, too, have 
moved into ground uses for photo­
voltaic power. RTC- La Radio­
technique-Compelec is aiming pri­
marily at developing countries, 
where conventional electric power 
systems are not always on tap. Ap­
plications developed so far include 

arrays to drive a 33-watt television 
set, a 12-watt telecommunications 
center, and a 50-watt air navigation 
radio beacon. 

At first glance, the French cells 
seem to be about twice as expensive 
per watt as the Solar Power prod­
ucts. The RTC modules comprise 64 
cells, 40 millimeters in diameter, 
mounted on an epoxy board to give 
total output of 8 watts. Their price is 
$310 in 1,000 quantities. But the 8-
watt units have lower interconnec­
tion costs for large arrays and that 
makes up much- if not all-of the 
difference. 

Prices prohibitive. For large-scale 
power plants, today's prices are out 
of sight. The U.S. Solar Energy 
Panel concluded some months ago 
that solar energy could provide 
more than 20% of the electrical 
power needs of the U.S. over the 
next 30 years, provided adequate re­
search and development funds be­
came available. This year, for start­
ers , the National Science 
Foundation has $12 million to work 
with. Panel members at the Paris 
Conference pointed out that solar 
cell arrays are still two or three or­
ders of magnitude too costly for 
large-scale ground applications. If 
current U.S. output of about 500 
square meters of solar array were to 
be switched to high-volume auto­
mated processes, say the experts, 
cost factors would come down by a 
factor of 20 or 30. Even then, a 
1,000-megawatt photovoltaic power 
plant would cost about $70,000 per 
installed kilowatt. And the plant 
would cover no less than 50 square 
kilometers. 

Some think the answer is new ma­
terials. Dieter Bonnet of the Battelle 
Memorial Institute in Frankfurt 
points out that silicon has to be a 
very-high-purity crystal and that 
makes it too expensive for big in­
stallations. 

The French feel the same. They 
are ahead in developing cadmium 
sulphide as an alternative. The So­
ci et e Anonyme de Tele­
communications reported at the 
conference that it has resolved the 
problem of inherent instability in 
the materials, though they have not 
yet reached the efficiency levels of 
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silicon cells. A figure of around 5% 
is the present mark, and 7% has 
been reached in lab tests. Yet the 
supporters of cadmium technology 
point out that costs have been 
driven down still further by the de­
velopment of a new system of print­
ing the cell grid screen on the cad­
mium sulphide layer. D 

Air traffic control 

Two firms quit FAA 
MLS race in anger 

The Federal Aviation Adminis­
tration has drawn the ire of two 
competitors for the standard Interim 
Microwave Landing System (IMLS). 
Cutler-Hammer Inc.'s AIL division 
and Texas Instruments have angrily 
dropped out of the multimillion­
dollar competition, charging that 
the agency's plans were ill-consid­
ered and didn't serve the aviation 
community. Particularly irksome 
was the FAA's requirement that it 
must receive license rights to the 
winner's design for at most $25,000 
so that the system could be pro­
duced by other manufacturers of air­
traffic-control equipment [Electron­
ics , June 21 , p. 51]. 

Their walkout leaves Boeing Elec­
tronics Manufacturing division of 
Seattle, Singer-Kearfott of Little 
Falls, N.J., and Tull Aviation Corp. 
of Armonk, N.Y., competing for the 
standard system, which would be­
come eligible for 50% Federal fund­
ing under the Airport Development 
Aid Program. The FAA timetable 
calls for paper evaluation to be fin­
ished by July 17, a week's pause, 
and then two to three weeks of field 
trials at the Richmond, Va., airport, 
with the winner to be selected in 
September. 

In the competition among new­
comer Boeing [Electronics, July 17, 
1972, p. 32], established Singer and 
tiny Tull, the FAA is expected to give 
considerable consideration to the 
cost of the units to airport operators. 
Speculation is that Boeing, which 
apparently was able to convert its 
system to meet the split-site require-
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ment just in time, may have "low­
balled" its prices for competitive ad­
vantage to around $30,000 for 
ground units. A Boeing spokesman 
replied that such practices aren't 
typical of the company, adding 
"How does anyone know what 
prices the FAA has?" The Boeing 
and Tull systems use airborne con­
vertors, which transform the re­
ceived microwave signal into low­
frequency signals compatible with 
cockpit hardware in existing instru­
ment landing systems. Singer got a 
head start in the civil field with its 
Talar unit for the Air Force. 

Plagued. The FAA has had trouble 
with the IMLS plan almost from the 
start [Electronics, Aug. 28, 1972, p. 
29] in trying to find out how to 

choose one system among compet­
ing companies with differing tech­
nological approaches. Almost all 
companies criticized the agency 
when it devised the present ap­
proach, especially the licensing re­
quirement. That could become a 
sticky issue yet when the winner and 
the agency sit down to negotiate 
rights. An executive with one com­
petitor also points out that the Rich­
mond airport is better suited for 
conventional ILS than MLS systems 
intended to operate in difficult sites. 

AIL, in writing the FAA, said that 
"because [the RFP] does not repre­
sent a careful, considered program 
of analysis of the needs of the avia­
tion industry for the next five to 10 
years, and because it lacks a techni-

NOAA research promises weather, 
pollution sensors and role for 'lidar' 
The use of lasers and " lidar" (laser 
radar) as weather and pollution sen­
sors for the advanced automated 
weather stations of the future is 
being evaluated under a National 
Oceanic and Atmospheric Adminis­
tration program that promises to 
produce a new class of electronic 
hardware. Based on five years' lab­
oratory work. NOAA scientists pre­
dict that the monochromatic preci­
sion of laser and lidar devices will 
give meteorologists and ecologists 
new weapons with which to fight 
weather and pollution adversities . A 
new program for the U.S. Weather 
Service is expected to lead to pro­
totype hardware development . 

Right now, according to Vernon 
Derr, director of the wave propaga­
tion laboratory's atmospheric spec­
troscopy program, automated sys­
tems can measure only temper­
ature, humidity, pressure, the speed 
and direction of wind , and precipi­
tation. Laser or lidar techniques 
would extend this to the constituent 
gases, aerosols and particles in 
clouds, dust, fog and polluted air . 
Lidar (light detection and ranging) 
uses a laser that sends out discrete 
pulses of light and allows observa­
tion of how the light is affected by 
atmospheric constituents , tempera­
ture and motion. 

Tuning in . Tunable lasers , for ex­
ample, would enable scientists to 
analyze the atmosphere for signa­
tures of such pollutants as carbon 
dioxide and sulfur oxides. These 
signatures are the attenuation of the 
light caused by the molecule 's ab­
sorption of the corresponding single 
wavelength of light. 

This and other techniques have 
been used successfully in both field 
and laboratory, Derr says. With the 
continuing development of laser 
technology they can be extended to 
real operation . However, lidar ob­
servations are limited to one kilome­
ter in some uses, he adds, but more 
powerful lasers should allow mea­
surements up to 20 kilometers, even 
through local bad weather. Side 
benefits include deriving the altitude 
of the observation through timing 
the return of lidar pulses and wind 
speeds by doppler measurement. 

Derr says that the most important 
regions are the visible , where 
" there are good tunable lasers," the 
ultraviolet , which is " beginning to 
open up," and the infrared , where 
CO and C02 lasers are maturing . 
Although initial costs for automated 
systems would be high , on a large 
procurement basis the units prob­
ably would cost less than the main­
tenance of manned stations. 

Electronics / July 19, 1973 



> -Q 
........ 
> 
Q 

&n 

MC1741S 

10ps/ DIV 

You wanted more speed than your classic I 74I 
could deliver. But without all the unneeded frills 
of the super op amps. Yesterday, the choice 
wasn't yours. 

That was yesterday. 

Our MCI 74IS can make those troubles seem 
so far away. It's an op amp that's up with the 
times. The times you need in digital-to-analog 
converters, or in any large-signal amplifier where 
distortion plays the bad guy. Times like a 10 V/µ.s 
specified minimum slew rate. 

Which is 20 times that of the industry stan­
dard I 741. 

Power bandwidth is likewise boosted for a 
wide range of distortion free performance. All the 
way up to 200 KHz ( typ). Far outstripping the 

ordinary I 74I's IO KHz span. 

Typical settling time will bring you into a 
new era, too. 3 µ.s to settle within 0.I % -

made to order for D-to-A converters. 

Other than being a speedy little devil, you'll 
find the new "S" version reminiscent of its heri­
tage. Similar gain, short circuit protection and 
internal frequency compensation. Everything 
you've known and loved about the regular I 741. 
After all, good op amps never go out of style. 

The charge? 

A mere $1.25 will do it in plastic. (100-up, 
that is.) 

Or, choose the metal can for slightly more. 
Commercial or military temperature ranges avail­
able, of course. 

Post us direct at P.O. Box 209I2, Phoenix, 
Arizona, 85036, or circle the reader service num­
ber so we can bring you up to date. 

The MCI 74IS high-speed op amp from 
Motorola. 

It looks as though it's here to stay. 

MOTOROLA LINEAR 
Practical Innovations for Systems Design. 
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News briefs 
Cartridge Television bankrupt 
Cartridge Television Inc., San Jose, Calif., maker of the first and only con­
sumer video player, has filed Chapter 11 bankruptcy. Having exhausted its 
funds , CTI has established a moratorium with its creditors, and meanwhile, 
parent company Avco Corp. will wr ite off $48 mi llion of CTl's debt. 

The reason , admits CTI vice president and controller Thomas J. Sullivan , 
was that " we were geared to produce more units than we were selling, and 
some were not up to standard ." CTI also had to recall some defective mag­
netic tape during the 1972 Christmas rush. CTI plans to look into other mar­
kets to revitalize the company, especially the hotel-motel market. 

CDC snares AEC award . . . 
The Atomic Energy Commission has again named Control Data Corp. to in­
stall $28 million worth of computer systems at Brookhaven National Labora­
tory, Upton , N.Y. ; Los Alamos Scientific Laboratory, N.M. ; and Lawrence 
Livermore Radiation Laboratory in California . CDC bid a single 7600 model , 
plus two of its large-scale Star systems [Electronics , Mar. 30 , 1970, p. 52). 
These same systems had won the same AEC competition earlier , which the 
commission sought to void following a dispute over penalties to be paid by 
CDC for late delivery. The new contract calls only for standard penalties 
contained in any General Services Administration contract. Loser in the 
competition was Texas Instruments' Advanced Scientific Computer. 

. . . and introduces new computer 
Control Data Corp. has introduced a new line of small com puters for indus­
trial and communications applications. The series 17, priced from about 
$14 ,000 , is built on the 1784 processor, which has a semiconductor 
memory with 600 or 900 nanosecond cycle time, and a capacity of up to 
65 ,536 words of 18 bits each. A line of peripherals is also available. 

Siemens begins expansion drive 
Seeking to expand operations in the United States, Siemens Corp. of Amer­
ica, lselin, N.J., has acquired Computes! Corp. , Cherry Hill, N.J. , a manu­
facturer of special computer-based test equipment. Computest 's manufac­
turing facility will be phased into production of products for Siemens , 
domestic arm of the Siemens Group, West Germany, and will include the 
computer-based diagnostic system used in Volkswagen automobiles. More­
over, Siemens plans further acquisitions and expansion in components, 
medical equipment , and telecommunications in the near future . 

Pentagon cancels SCAD missile 
After an outlay of $67 .5 million by the Air Force, the Defense Department 
has canceled engineering development of the Subsonic Cruise Armed De­
coy missile [Electronics, July 5, p. 50). Designed to help strategic bombers 
reach their targets , SCAD was cut on the ground that cost projections were 
too high in relation to anticipated performance. 

Cancellation of SCAD, which would have upgraded the B-52 bomber 
force , was viewed by some as advantageous to the B-1 bomber in develop­
ment by Rockwell International Inc. The substitution of a smaller technology 
program to preserve SCAD options could aid Philco-Ford Corp. , subcon­
tractor for decoy electronics , but would provide little assistance to SCAD 
missile developer Boeing Co ., or the guidance system contractor , Litton In­
dustries Inc . 

Mobile radio market to soar by 1982 
The mobile radio equipment market will climb from $514 million annually in 
1973 to $1 .2 billion by 1982, with revenues aggregating $7 .5 billion over 
the 10-year period , reports market research firm Frost & Sullivan Inc ., New 
York. Independent maintenance and servicing will parallel the growth, says 
the company; a $124 million volume in noncaptive maintenance in 1973 wi ll 
reach $335 million by 1982, with revenues aggregating $2.2 billion . 

cally sound and reasonably compre­
h ensive program of system eval ­
uation, AIL feels that submission of 
a proposal at this time would be un­
warranted." An official with TI, li­
censee of Thom son-csF's Sydac sys­
tem, said that the company objects 
to the sch eduling and the " implica­
tions for worldwide licensing" for 
the w inni ng design . " N o one is 
happy with th at RFP," he said . D 

Computers 

IBM widens MOS 
use in new systems 

Semiconductor memories are m ak­
ing even further inroads into pre­
viously all-core territory, with two 
r ecent announcements from Inter ­
national Business Machines Corp. 
The first announcement is of the 
System 3 m odel 15, with a m ain 
m em ory of up to 131,072 ch aracters, 
built w i th m etal-oxide-semicon­
ductor technol ogy. IBM's second an­
nouncem ent cover ed the enhance­
ment of mem or y sizes for the 
System 370 m odels 115, 125, and 
135. 

Previ ous m odels 6 and 10 of the 
System 3 use core m em ori es of a 
m aximum of 32,768 ch aracters; 
both ar e still in production - the 
m odel 10 after four years. The new 
MOS m em ory modules ar e not avail­
able for use w ith the older system s. 
Other characteristics of the System 3 
m odel 15 ar e the availabili ty of mul­
ti programing for the first time in 
this l ine, up to four IBM 5445 disk 
storage units w ith a capacity of 
20.48 million characters each (a 
m aximum of two was available on 
the m odel 10), an IBM 3410 m ag­
netic tap e system, and a fast l ine 
printer , the 1403 . 

The model 15, which can use pro­
graming l an guages familiar to m ost 
System 3 users, rents for $3,240 to 
$7,127 p er mon th-as compared to 
$2,628 p er month for a typ ical con­
figuration of the m odel 10. 

Semiconductors all. The three 
m odels of the System 370 are at the 
low end of the line. A ll wer e origi-
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Interchangeable 
CPUs. 

odularit}t 

SUE's basic CPU gives you a minicomputer 
that' s high in flexibility yet low in cost. Other CPU 
models provide additional arithmetic or math 
capability to satisfy specific application needs. 

These all slide easily in and out of the chassis. 
Without any wiring. In fact, you can chan ge CPUs at 
your plant (or even in the field if need be) in about 
60 seconds. So a SUE system can change and grow as 
fast as your customer's needs change and grow. 

The component computer. And you ' re not 
limited to one CPU at a time. SUE's multiprocessor 
capability lets you hook up as many as four on a 
single lnfibus. Just choose the combination of 
processors that suits the system best. 

That's because SUE (the System User 
Engineered mini­
computer) is the 
first of its kind : 
a component 
computer for 
systems. Its modular processors, memories and 
controllers all plug together in almost any 
combination to solve your application problems. 

That includes 1/0 controllers, but you ' ll never 

need more than two basic types with SUE: one bit 
serial, one word parallel. These will adapt to any 
1/0 device. 

Wider choice of peripherals. 
We offer a full line of 
peripherals to go with 
SUE : IBM compatible 
5440 disk drives, printers 
from 100 cps to 600 
lpm, magnetic tapes, 
cassettes, punched 
card devices and paper 
tapes. Anything your system needs. 

Complete software tools. To make your 
programming burden lighter, we offer a fu l l set of 
software tools : sort/ merge, DOS, assemblers, 
utilities and other programming aids. 

And we're the only company we know of that 
unconditionally warrants all our software for a 
full year. 

Built for systems builders. SUE's built-in 
flexibility makes it fit your systems now, makes it 
easily changeable later on . 

You can be sure we' ll be here later on, too. 
Which is one more advantage of dealing with an 
established, reputable company like Lockheed 
Electronics. 

Let's talk. Call (213) 722-6810, collect, or write 
us at 6201 E. Randolph St., Los Angeles, 
California -~~~~-----....... 
90040. 

atSSUE. 
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Lockheed Electronics 
Data Products Division 

Boston 861-1880 • New York metro (215) 542-7740 • Philadelphia 542-7740 
Washington (703) 525-3600 • At lanta 266-0730 • Detroit 557-5037 • Chicago 833-4600 

Dallas 231-6163 • Houston 682-2617 • San Francisco (408) 257-3357 
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Kaap on top of 
twofnst­
ohnnging f ialds 
Two new technology reports from the UK pl ug the 
information gap with fully up- to - the -minute 
information and the worldwide outlook that you 
really need these days. 
Today·s technology changes so fast that 
information -gathering can be very time and money 
consuming. Th ese reports can save you both -
and you can study them on a free trial basis. 

Mioroprooassors 

Thi s is a hard -headed, independent assessment of 
the computer -on-a-chip and what it means to you 
as an electronics specialist or engineer. It combines 
lab work, expert analysis and applications studies 
on Intel, American Micro -Systems, Fairchild, 
Micro systems Intern ational and National 
Semiconductor ch ips. It was produced as a 
practica l working document by the Electrical 
Research Associa tion in the U.K. and is ve ry 
val uable in design and deve lopment work. Th e full 
title : 'Microprocessors : an ERA assessmenf of lsi 
computer components' 128 pages, 41 diagrams, 
7 tables. Price: $72 (USA), £29 (UK) or equivalent. 

Gholastario 
liquid Grgstnls 

This is a real growth f ield - Xerox, Westinghouse, 
Boeing and RCA for example are all working hard 
in it. Most probably there's a v itol application for 
cholesteric liquid crystals in your research or 
products. The ir uses range through non -destru ctive 
testing , therma l mapp ing, analogue disp lays; 
m icrowave. ultrasonic and laser detection to food 
safety labelling and screening for breast cancer. 

This important report brings together the know -how 
and the applications data you need, whether you 
are into CLC's already or planning to go in soon. 

It has been prepared by Licril , l iqu id crystal 
special ists, from practical lab wo rk and a lso from 
the fullest range of international original sources. 

Fu ll title : 'Cholesteric liquid crystals: th ei r 
tec hnology and applications' 280 pages, 32 
d iagrams, 28 tables. Price: $72 (USA), £29 ( U K) 
or eq uiva lent. --------­Mail thi s coupon for 10 days free approva l. 

'~~M 
To : OVUM LI M ITED, 

I 22 Gray's Inn Road , 
London WC1, England. 

I Pl ease airmai l me by return 

I QMicroprocesso rs Report 

I Q cholesteri c Liquid Crysta ls Report 

for 10 days on approval. I may return the 

I 
I 
I 
I 

I report( s) withou t obligation w ithin t hat time. I 
Should I decide to keep the report(s) I shal l send 

I $ 72 USA or equiva lent (postage$4 USA) I 
for each report . I Please send more informat ion about I 

I 
0 Microprocessors or 0 Cholesteric Liquid 

1 Crysta ls. I may order later. 

I ~~~r:;~ ... ··· ··············••••••••·•···•··•·•-••••• I 

I ~~~~~ ············ • •. • · : zi~ cod~ I ~--------- ... 
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Dubut IBM's new System /3 Model 15 has up to 131 ,072 characters of main MOS memory. 

nally announced with semicon­
ductor memories- MOS in the 115 
and 125 and bipolar for the 135. All 
are now using new 2,048-bit MOS 
chips (the same as used in the Sys­
tem 3115) or 1,024-bit bipolar chips, 
The enhancements increase the total 
memory capacities for the model 
115 by 67% (to 163,840 characters), 
100% for the model 125 (to 262, 144), 
and 113% for the model 135 (to 
524,288). D 

Army seeks PEPE 
for missile defense 

Take 288 computers, each able to 
handle from one to five million in­
structions per second, and inter­
connect them with a Control Data 
Corp, 7600 control computer, and 
what have you got? The Army calls 
it a Parallel Element Processing En­
semble, or PEPE, a major step for­
ward in intercontinental missile de­
fense [Electronics, July 5, p, 49] , The 
Advanced Ballistic Missile Defense 
Agency has ordered its first experi­
mental and test system from System 
Development Corp., Santa Monica, 
Calif. The computer system uses 36 
processors. 

The $9,5 million award calls for 
installation and test of the system at 
the ABMDA research center at 
Huntsville, Ala., over a period of 39 
months, More than $5 million of 
that will go to subcontractor Bur­
roughs Corp, for design and produc­
tion of the 36 special-purpose ma­
chines using MSI technology. Under 
the cost-plus fixed-fee award to soc, 
the work is expected to be com­
pleted by July, 1976, including soft­
ware development and demonstra­
tion of the processor's over-all 
effectiveness within the context of 

ballistic missile defense. Each of the 
small Burroughs processors will 
have a capability approximating 
that of an IBM 360/ 65, say soc proj­
ect officials at Huntsville, 

Concept. The PEPE concept was 
first proved in 1971 using a brass­
board configuration at Bell Labora­
tories with 16 small, Bell-developed 
computers under control of an IBM 
360/ 67 [Electronics, May 24, 1971 , 
p. 32]. Honeywell Information Sys­
tems was also involved, but is no 
longer participating. 

Economy and speed of using 
small computers for processing data 
from anti-ballistic missile defense 
sensors, while simultaneously em­
ploying a large, modified commer­
cial machine for ABM command 
functions , was the rationale for de­
veloping the advanced PEPE system, 

The future for PEPE "depends on 
a lot more than just the success of 
the program," explained one soc 
official. "It depends on the success 
of the SALT talks" and similar politi­
cal factors. The system is a sophis­
ticated processor for advanced ABM 
systems beyond the existing Safe­
guard and Hardsite developments. 
"If the country decided to go ahead 
and deploy some of these advanced 
ballistic defense systems, PEPE is one 
of the foremost contenders for data 
processing hardware," he added, 

Other approaches to missile de­
fense being considered by ABMDA 
include "putting more installations 
in, instead of increasing the data 
processing power-more radars , 
more interceptors, Each installation 
would be small," Other plans in­
clude "using multiprocessors of the 
CDC 7700 variety with a capacity of 
approximately 20 million instruc­
tion per second" compared to PEPE'S 
total capacity, ''which is up around 
300 million instructions per second, 
counting the host machine," D 
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We clamp down fully 
on the disadvantages of other displays. 

Our digital readouts, 
including the extrem ely lightwe ight, 
mini -s ize Multi-Numerical Indi cator 

with 8, 10, and 12 digit readout, 
offer low-voltage, 
low-current drain, 

and stab ility ad vantages over 
conventional displays. 

All have eye-easy phosphorescent 
segme nts with digits on a single-plane 

for optimal vis ibility 
under ambient light. 

It's a natural green glow, 
so soft and clear you can see 

it across the room . 
But the best comes last: 

They're competively priced 
for all modern app li cations 

in calculators, 
digital clocks, voltmeters and co unters, 

and a host of others. 
Count on us. 
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The Brighter Side of Electronics 

~~ 
ISE ELECTRONICS CORP. 
P.O. Box 46 lse City, Mie, Japan Tel: 05963-5-2121 

International Div. 

ISE INTERNATIONAL CORP. 
Shinbashi Kokusai Bldg. 
No. 7-7-2, Higashi Shinbashi Minato-ku, Tokyo, Japan 
Tel: 433-6618 Cable : lseworldrep 
Telex: J26546 lseinter 

USA Sole Distributor 

LEGI ELECTRONICS CORP. 
14 72 West 178th Street, Gardena California 90248 
Tel : (213) 532 -0470. 0471 
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One of our customers 
rapists, murderers 

The problem was how a policeman good chance of getting a pretty 
away from his patrol car could call good answer. 
headquarters for help when he runs Of course, our FAE's are no sub-
into trouble. stitute for your own engineering staff. 

Our customer, a Florida com- And there are obviously some limits 
munications company, had developed to the scope of the problems they can 
a little sending device officers wear tackle for you. 
on their belts. Push a button and a 
warning signal is transmitted through 
his car radio to headquarters. 

But our customer's problem 
was to figure out a way headquarters 
could know which officer was in 
trouble. To specifically identify that 
particular patrolman's warning beep 
from any other. 

Our Florida Applications Engineer 
Tom Harper helped out. 

The customer was skilled in the 
use of RF and analog devices, but 
Tom provided the digital knowledge 
necessary for the implementation 
of the problem-solving PCM Link. It 
was a natural for Tri -State Logic. 

Our customer solved his problem. 
And so did the policemen of that 

Florida city. 

Our FAE's don't solve crimes, 
they solve problems. 

Problem-solving. That's the function 
of our Field Applications Engineers 
(FAE). 

They're not salesmen. They're 
advisors. Technical experts you can 
take a problem to, and stand a pretty 

48 
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But they try to help, wherever 
and whenever they can. 

Our man in Florida. 
Before joining National Semiconductor 
as an FAE, Tom Harper spent over 
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had a problem with 
, and thieves. 

> 

17 years with IBM, the Air Force 
and a company of his own called Care 
Electronics. 

He worked in analog computers, 
digital computers and peripherals, 
and PCM systems. 

He holds five patents. 
That's the kind of men who are 

National FAE's. 

More about our clever 
Tri-State Logic. 

To the designers of bus-organized 
data systems, Tri -State Logic is the 
best news since Raquel Welch 
appeared nude in Las Vegas. These 
devices give you all the speed, power 
and noise immunity of TTL plus 
the ability to interconnect outputs 
of similar devices to a 
common bus line. 

outputs (you probably didn't even 
know we made 74S's, right?). 

Other new problem solvers. 
Take our schottky gates, for instance 
(and we wish you would). They can be 
used in combination with series 54/7 4 
circuits whenever the absolute mini­
mum propagation delays are required. 

And here are three really hot new 
items for us that are now available. 

Programmable Logic Array 
(PLA), DM7575, DM7576. One big 
logic function with 14 programmable 
inputs and eight outputs. It replaces 
the random logic functions in a 
processor with a single package. 

And finally four new low power 
memories. A 1024-bit ROM 

DM54L187 and DM76L97 

There is no loss 
of speed or distor-

.. -··--·--~----

compatible with DM54187 
and DM7573 PROM and 

tion of wave forms with 
Tri-State Logic as there 
would be by intercon­
necting several standard 
open collector TTL devices 
on the same bus line. 

" " 

Tri-State devices also have 
a higher logical "1" fanout capability 
thereby allowing simultaneous hook­
up of up to 130 devices on a single 
bus line. 

Several of our new 7 4S devices 
are available with Tri-State Logic 
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64-bit RAM DM54L89A 
and DM76L99 compatible with 
DM5489. 

For further information on 
any of this including how to get 

in touch with one of our FAE's, 
write National Semiconductor 

Corporation, 2900 Semiconductor Dr., 
Santa Clara, California 95051. 

Or if you're the impatient type, 
call ( 408) 732-5000. 

National/digital 
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WE CALL THE 840 
THE LOADED NOYA. 

IT'S TOO BIG AND HAIRY TO 
BE A MINICOMPUTER. 

By minicomputer standards, 
our new Nova 840 is big and 
hairy and costs a lot of money. 

But, in terms of combined 
hardware/software perform­
ance, minicomputer standards 
just don't apply to the 840. 

BIG HARDWARE 
We loaded the 840 with a 

brand new Memory Manage­
ment and Protection Unit that 
turns it into something far more 
than a minicomputer. MMPU 
lets the 840 grow to 128K 16-bit 
words (256K bytes) of main 
memory, and, most important, 
lets it take advantage of all 
the hairy software we've 
developed. 

The 840 also comes with a 
whole list of peripherals and 
high-performance options, 
including a superfast new 
Floating Point Unit that handles 
single and double precision 
arithmetic at speeds that match 
most big computers. 

HAIRY SOFTWARE 
But hardware is only the 

vehicle. What makes the 840 a 
different kind of machine is 
software: the most powerful 
software available with any 
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computer at anywhere near 
its price. Proven software we 
can deliver today. 

It has a Real-time Disc 
Operating System that super­
vises the whole system; our 
new Fortran 5, that produces 
globally optimized, fast­
executing code that's as effi­
cient as machine language; 
Batch; remote job entry soft­
ware; timesharing BASIC; and 
Extended Algol. 

Dual Operations on the 840 
lets you run any two major 
software streams concurrently 
and with complete security: 
multi-terminal timesharing 
BASIC along with remote job 
entry, or a real-time control 
application while you're doing 
prototype development in 
Algol. 

THE PROOF 
With all that hardware/ 

software muscle, the 840 has 
embarrassed a lot of far bigger 
computers in price/perform­
ance benchmark comparisons. 

For instance, there was the 
XDS Sigma 7 that was 40% 
faster running an independ­
ently conducted Fortran 

benchmark. And then got 
wiped out by the 840's more­
than 10-to-1 price advantage. 

Or the DECsystem-1050 that 
cost eight times more than the 
840. And was actually 7% 
slower running the benchmark. 

If you think those bench­
marks are too good to be true, 
just call us. We'd love the 
chance to give you a lot more 
details on the benchmarks and 
how Data General software 
makes that kind of price/ 
performance possible. 

THE PAYOFF 
We know that Data General 

isn't the only minicomputer 
company with a big hairy 
machine. 

We also know that the 840 
is, capability-for-capability, 
feature-for-feature, consis­
tently less expensive than the 
competition. 

And we know we can deliver 
the 840 faster than the compe­
tition can deliver their ma­
chines: 90 days after you call 
us with an order. (617) 485-9100. 





Model 2000 
$1375 

The big difference between 
these high-frequency sweepers 
is$320. 
The little differences are on the front panel 
(a start / stop mode of operation and a tape 
drive readout) . Some people think they add 
up to $320. For them, we built the 2001. 

And for those people who don't require 
these features, we built the 2000 . The 2000 
is the only sweeper under $1400 to offer 
frequency coverage of 1 MHz to 1.4 GHz, 
solid-state design, calibrated RF output from 
-80 to +10 dBm, P.I.N. diode leveling and a 
crystal-controlled marker system. 

In addition, its frequency, bandwidth, 
and output level are programmable, making 
it ideal for production test and systems use 
as well as in the design laboratory. If you 're 
still not sure which sweeper we built for you, 
send for more information. Just circle the 
reader service number or give us a call . 

WAVETE~ 
INDIANA INCORPORATED 
P. 0. Box 190, 66 North First Ave. , Beech Grove, Indiana 46107 
Tel. (317) 783-3221 TWX 810-341-3226 

Model 2( 
$1695 



Electronics to share 

in transit-car market 

estimated at $8 billion 

Avionics rides 

general-aviation 

sales boom 

NSF program seeks 

to involve firms 

in local government 

Addenda 
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Washington newsletter __ _ 

An estimated $8 billion market for subway and trolley cars-of which 
40% would go on electronics, including motors and controls- is forecast 
over the next IO years by Boeing Vertol Co. The estimate is based on 
such factors as development of new mass transit systems, changing 
public attitudes, Federal development of model cars, and government 
funding through transit grants or revenue sharing. Martin Lenow, mar­
keting manager for surface transportation systems, pegs the total sys­
tems cost at over $30 billion, including command and control equip­
ment. Atlanta, Baltimore, Los Angeles, Minneapolis-St. Paul, and 
Pittsburgh are among those developing or planning systems. Other 
companies eyeing the market include LTV, Pullman Standard, Rohr, 
and Westinghouse. Boeing Vertol is building trolley cars for the Boston 
and San Francisco municipal transport systems. 

Partially helped by a congressional check on the FAA, sales of new gen­
eral-aviation aircraft-and new avionics to go in them-will reach a 
record high of near $800 million this year, compared to the 1969 high of 
$639 million, predicts Edward W. Stimpson, president of the General 
Aviation Manufacturers Association. General-aviation avionics usually 
accounts for 10% to 15% of new aircraft sales, plus a large replacement 
and foreign market. One stimulus to higher sales, Stimpson says, oc­
curred when the House Appropriations Committee postponed for a 
year the FAA's imposition on plane owners of $50 million in user 
charges. 

The National Science Foundation soon will be asking electronics and 
other companies to sign up in an experimental program aimed at in­
creasing non-Federal research and development in local government. 
Besides the public service aspect, the four-year $4.1 million program 
also should help participating companies get a better feel for the mu­
nicipal marketplace . Called the urban technology system, the tech­
nology transfer program will use companies, universities, think tanks, 
and Federal laboratories as technical support to the 27 local govern­
ments to be named by the end of the year. 

The Navy expects to be able to salvage at least half of the 52% slashed 
from the $1.7 billion Trident ballistic missile submarine program by the 
Senate armed services R&D subcommittee. The fiscal 1974 request­
nearly $1.2 billion for the first boat and $500 million for the missile­
still requires action by other committees in both houses before a vote . 
. . . The FBI is again marked by industry as " a growth market" now 
that its leader is former Kansas City police chief Clarence Kelley, a 
leading advocate of electronics in law enforcement [Electronics, Dec. 6, 
1971 , p. 39]. .. . Reorganization of the U.S. Customs Bureau should 
produce a series of piecemeal buys for its $60 million national net of 
1,800 computer terminals in the Automated Merchandise Processing 
System, originally planned for procurement under a centralized five-year 
plan beginning in 1974 [Electronics , March 13 , 1972, p. 42]. 
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Washington commentary ____ _ 

Making design-to-cost work 

At a seminar of the Electronic Industries Associ­
ation, Harry M. Tay lor, president of the Logis­
tics Management Institute, recently examined 
the Defense Department 's new design-to-cost 
policy for military procurement. Excerpts from 
his presentation follow. - Ray Connolly. 

The fundamental problems suffered by the 
DOD today seem to me to fall into two cate­
gories. The first is cause; the second, effect. In 
the first category, I have included five problems 
which . .. are very basic to weapons system ac-
quisition . . . . They are: (I) lack of integrity in 
the acquisition system, (2) excessive size of the 
defense industry, (3) excessive speed by DOD to 
field new systems, ( 4) inadequate use of effec­
tive competition , (5) too many twists and turns 
in acquisition policy compounded by poor 
communication and worse training. 

... Lack of integrity can be stated this way. 
No one believes anyone will behave the way 
the formal system anticipates. No one believes 
the system works by the written rule . Everyone 
believes the written rules are a mere formality 
and that the unwritten, informal rules (which 
everyone thinks he understands) are the ones 
that really count. 

I once heard a DOD official ask another offi­
cial, ' '"When is a fixed price fixed?" The some­
what cynical response was, "Rarely- if ever." 
What was meant was that in a crunch-when a 
weapon system to which DOD is committed is 
threatened with failure because of cost 
growth- the distinction between fixed-price and 
cost-reimbursement contracts tends to vanish. 

.. . There is an overwhelming consensus in 
industry and Government that there are simply 
too many companies depending in whole or in 
substantial part on defense business for their 
welfare ... . Overcapacity results in greater 
cost to the taxpayer and that's why DOD- if for 
no other reason- should be concerned. 

Impatience 

It seems to me that in the past there has been 
great pressure within DOD to make decisions 
and commitments to hardware before anyone is 
smart enough to make such decisions. The pro­
cess will not tolerate shortcuts or premature 
commitments without exacting severe penalties 
in the form of performance and cost degrada­
tion ... . 

There seems to be no clearcut commitment 
to competition at either DOD policy or oper­
ating levels . ... What I think is needed is a 
clear and obvious commitment on the part of 
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the DOD to design/ price competition between 
or among alternative systems, with a heavy 
burden imposed on those who would avoid 
competition, to justify their judgment. . .. 

Regarding my fifth conclusion- that there 
are too many twists and turns in acquisition 
policy-it seems to this observer that at least 
since 1960, major policy changes have been 
coming so fast that it has been exceedingly dif­
ficult- if not impossible- to make a judgment 
about a policy before it is changed .... Those 
charged with responsibility for executing the 
numerous policies issuing from above would 
undoubtedly benefit if a moratorium on major 
changes were declared for several years, during 
which those responsible for communica ting 
and interpreting policies and training lower 
echelons can do so with some confidence that 
what they teach will be relevant for somewhat 
more than a fortnight. 

Credibility gap 

I stated earlier that my five conclusions fall 
into a category I called "cause." The other cate­
gory- namely, "effect," according to my sce­
nario- contains only one fundamental conclu­
sion. It seems to me that the significant effect of 
the problems ... is the evolution of a serious 
credibility gap, not only with respect to estimat­
ing future costs but also with respect to control­
ling actual costs of weapons systems . . . a 
serious problem which not only imperils public 
support of the DOD but more importantly im­
perils the defense posture of the nation. 

. .. With the parallel effect of limited budg­
ets and increasing costs .. . , the DOD must find 
ways to achieve a better balance between quan­
tity and performance on the one hand and costs 
on the other. Design-to-a-cost is another in the 
never ending struggle to reach that objective. 

If the ceiling is supposed to represent the 
maximum unit production price with no con­
sideration of ownership or life cycle costs, I fear 
contractors will succumb to an irresistible 
temptation to game the DOD right out of its 
shoes, be they black or brown. I defy anyone 
now or in the future to fix the unit production 
price before a system is designed and, at the 
same time, make valid tradeoffs between price, 
performance and life-cycle cost. I don' t believe 
it can be done. The only hope lies in the inclu­
sion of life-cycle costs in the ceiling, not outside 
it. The concept of floating performance and 
fixed ceilings, in my judgment, is no solution at 
all. It is only the obverse of the old problem. 
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Godzilla Meets 
The Linear Monster 
Godzilla, alias Bob Widlar, is 
the well known king of the 
linear IC underworld. Tele­
dyne, on the other hand, is 
known as the semiconductor 
and IC producer of monstrous 
proportions. We compete in 
just about all areas of IC's. 
When we started out to do 
battle in the linear market, we 
came up against Godzilla's 
forces; the 101, 101A, 105, 107, 
108, 108A, etc. Now that's a 
formidable line. You see, Tele­
dyne, though big , is friendly. 
To oppose such a line would 
be contrary to our normal 
cordial , compatible, helpful nature. So the only thing to do 

is join Godzilla's forces. After 
all , Teledyne can do it in a very 
big way. 

Now, here's the line-up and 
we're ready to take on all 
comers: 

101 Operational Ampl ifier 
101A Operational Amplifier 
105 Positive Voltage 

Regulator 
107 Operational Amplifier 
108 Operational Amplifier 
108A Operational Amplifier 

the challenger 

Just to prove how friendly we 
really are , we'll give you abso­
lutely free one of the above 
(1 only) IC's ... plus a signed 
picture post card of Godzilla 
... if you send us a note on 
your company letterhead and 
tell us why you want one free . 

Note:· Bob Widlar; inventor of 
the 709, 101, 105, and 108; 
does not work for Teledyne 
Semiconductor. Bob Widlar 
does not work. 

I'll drink to that! 

~~TELEDYNE SEMICONDUCTOR 
1300 Terra Bella Avenue Mountain View, California 94040 (415) 968-9241 TWX: 910-379-6494 Telex: 34-8416 
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Electronics international ~~~~~~~~~~~~~~~~~~~~~ 
Significant developments in technology and business 

Optical waveguide shares chip 
with active elements 

No one who has really thought 
about it doubts that telecom­
munications networks around the 
world one day will have billions of 
dollars in their budgets earmarked 
for optical communications hard­
ware. It is hazardous to predict, 
though, whether the day will come 
in the very late 1970s, the early 
1980s, or even the mid-l980s. But it 
is safe to say that it is high time for 
hardware companies that want a 
piece of the market to start piling up 
optoelectronics know-how. 

R&D. The pile is building up fast 
at Thomson-CSF, France's largest 
professional electronics producer. 
Something like 10% of the 500 re­
searchers at the company's Corbe­
ville basic research facility on the 
outskirts of Paris are involved-not 
always full time-in work related to 
optoelectronics. Thomson-CSF has 
opted for a systems-oriented ap­
proach and already has pushed 
some hardware into development at 
producing divisions. 

This first hardware stacks up as 
relatively simple: an incoherent 
light-emitting-diode source, directly 
modulated, linked to a detector 
through a glass-fiber cable. But this 
equipment, built around discrete 
components, is just a beginning. 
Corbeville already has to its credit 

GLASS 
WAVEGUIDE 
(1 µTHICK) 

some experimental optical inte­
grated circuits, fabricated by a 
group headed by Dan Ostrowsky. 

Ostrowsky, an expatriate Ameri­
can, emphasizes that "there's a tre­
mendous distance to go" before in­
tegrated optical communications 
becomes a mature technology. "We 
are learning to do with light what 
people can now do with micro­
waves," he points out. The group 
has already learned to combine op­
tical waveguides and electronic ele­
ments on the same silicon substrate. 
It has also worked out the basic 
technology for duplicating optical 
ICs. "We can make them," Os­
trowsky says, "but we really don't 
know how to look at them yet." In 
his view, there's much work to be 
done in instrumentation before op­
tical ICs can be readied for systems 
markets. Coupling light in and out 
of optical res also rates as a major 
problem and there's a crying need 
for practical optical connectors. 

Nonetheless, progress so far at 
Corbeville with optical ICs has been 
impressive. Ostrowsky's group has, 
with its integrated optical photode­
tector, scored a first in optoelectron­
ics. It combines a grating coupler, a 
glass waveguide, and a single photo­
diode on the same substrate. More 
important, it points the way to com-

GUIDED LIGHT WAVE 

SI LICON ,,-...-"'~~~~~~7'7~~~~77~4~11-l}l:~~ 
DIOXIDE 
(1 µTHICK) 

SI LICON SUBSTRATE 

ELECTRODE 

Down the pipe. In Thomson-CSF's integrated photodetector, a sputtered-glass optical guide 
·Channels light hitting surface to the diode. 
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plex circuits mating passive optical 
waveguide elements, such as beam 
dividers and filters, with active elec­
tronic elements, like detectors. 

For the photodetector, the Corbe­
ville group started with an n-type 
silicon substrate having a resisitivity 
of 5 ohms/centimeter. Then came a 
silicon dioxide layer 1 micrometer 
thick. This layer serves mainly as 
isolation between the glass guide 
structure and the silicon substrate. 
But it was also used as the mask for 
diffusing in boron to get a p+ region 
1 micrometer deep for the photo­
diode. Once the diode was in, a 
glass waveguide 1 micrometer thick 
was sputtered on, using a mask to 
form a coupling taper that beams 
light onto the diode. To couple the 
incident beam into the waveguide, a 
holographic grating coupler goes 
atop the guide. 

Size. Losses run about 0.8 decibel 
per centimeter, which the Corbeville 
group thinks is acceptable. The pho­
todetector, though, would be too 
slow for a full-fledged re. That is be­
cause the surface of the diode junc­
tion is relatively large- I millimeter 
in radius-and that boosts the ca­
pacitance. As a result, the rise time 
works out to 15 nanoseconds when 
there's a 50-ohm resistance across 
the diode and the reverse bias is 10 
volts. In an actual IC, the diode 
radius could be about 10 micro­
meters, slashing rise time to about 
15 picoseconds. 

For the Corbeville optoelectronics 
team, waveguides I 0 micrometers 
wide are no challenge. They can lay 
down guide structures 5 micro­
meters wide and 1 centimeter long 
with spacings of 0.5 micrometer. Es­
pecially important for light guides, 
the edge roughness is less than 400 
angstroms. 

The aspect ratio for waveguides 
that fine runs as high as 20,000: 1. 
Crucial to getting this precision is an 
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electron-beam mask-cutting ma­
chine developed at Corbeville 
m ainly by Jacques Trotel. The 
masker works under computer con­
trol in a positioning system that has 
a laser interferometer to determine 
the position of the carrier table 
within 400 angstroms [Electronics , 
Feb. 15, 1971 , p. 154]. Any differ­
ences between the actual position 
and the correct position are covered 
by deflecting the electron beam. All 
told, the accuracy is 1,000 angstroms 
between any two points over a 5-by-
5-cm surface. 

And Ostrowsky's group has come 
up with materials that make the 
most of the masking machine. They 
spin-coat polyphenyl siloxane dis­
solved in benzine onto a silicon sub­
strate that has been thermally oxi­
dized to obtain a sibcon-dioxide 
layer slightly more than l micro­
meter thick. The PPS forms a nega­
tive-resist film about 5,000 ang­
stroms thick after it has dried. The 
waveguide patterns are then written 
into the PPS by the electron-beam 
machine, and they remain when the 
PPS film is developed in benzine. A 
typical light loss for a PPS wave­
guide is I dB / cm. 

Turning out precision waveguide 
structures one at a time in an 
electron-beam masker-it can take 
up to three hours to expose a sub­
strate- will obviously be out of the 
question when optical res actually 
go onto the market. So Corbeville 
has begun working on ways to du­
plicate them. 

Masking. One approach that 
looks promising is a master mask 
with palladium atop a titanium 
dioxide pattern on a glass substrate. 
Illuminated from the underside by 
ultraviolet rays, the mask emits 
electrons wherever there's no tita­
nium dioxide underlying the palla­
dium. These electrons can be accel­
erated and focused to expose a 
waveguide pattern in a PPS or other 
film. It only takes about five min­
utes to duplicate waveguides this 
way. The precision, of course, 
doesn't match that of the computer­
controlled masker. But it's ade­
quate : Some 2,000 angstroms be­
tween any two points over a 5-by-5-
cm surface. D 

Electronics/July 19, 1973 

Around the world 
Japan speeds computer, IC decontrol 
The Japanese government's decision to liberalize-that is , decontrol-com­
puter imports "at an appropriate time" during 1975 brings the day of real 
competition much earlier than Japanese computer manufacturers had ex­
pected [Electronics, March 15, p. 55]. And the government's move to do 
the same for integrated circuit imports during 197 4 doesn 't leave much time 
either. Since foreign capital investment in these products will also be liber­
alized during the same years , American and other foreign companies will 
have relatively free access to the Japanese electronics market. 

Computer capital investment will be liberalized in two steps . First comes a 
liberalization of up to 50% by August 1974. The second step will be liber­
alization of up to 100% of investment in December 1975. Capital investment 
in ICs is now on a case-by-case basis and will remain that way until a one­
step liberalization of up to 100% in December 197 4. 

Finger replaces CRT's light pen 
A finger moving across a CRT display surface has the same effect as a light 
pen in a graphics display developed by two engineers at Essex University . 
They believe the convenience of not having to hold a pen gives their system 
some commercial appeal. Last month , Automatic Radio Inc. of Melrose, 
Mass. , which financed the work, took delivery of a demonstration display 
and is trying to interest computer-equipment makers in it . 

The system works by using the operator 's body and the display surface 
as current paths , and the circuit is joined when the finger touches the 
screen. The point of contact is measured in terms of the split in current flow 
between edges , giving X and Y coordinates, and this information is used to 
control the tube deflection systems. John Turner and Gordon Ritchie , the 
two engineers, have built two displays with usable screen areas of about 
8.5 by 6.5 inches . 

GaAs diodes climb in power, frequency 
A research team headed by Andrei Mircea at Laboratoires d'Electronique et 
de Physique Appliquee has pushed past the 20% mark in efficiency with 
gallium arsenide avalanche transit-time diodes operating in the X and C 
bands. Some researchers in the U.S. have gone a few percentage points 
higher, but LEP has advanced to the point where another unit in the Philips 
group, RTC-La Radiotechnique Compelec, plans to put the ATT diodes into 
production . The first product in the range should be ready toward the end of 
the year. It most likely will be rated for 500 milliwatts or more output at a 
center frequency of 12 gigahertz, with efficiency higher than 12%. 

LEP has done much better than that with laboratory versions. In effi­
ciency, it was gone up as high as 22% at 7.5 GHz with 600-mW output. At 
12 GHz and 500 mW, the figure reaches 18.5%. As for power, single diodes 
have made it up to 1 .5 watts at 8 GHz. And the lab has put ten of the 600-
mW diodes together in a single cavity to get a microwave source that devel­
ops a 5-W output at 12 GHz with an overall efficiency of 8%. 

Solid-state converter for TV movies 
Looking to the day when electronic image-sensing systems-TV cameras 
for example-will be entirely solid state, engineers at the British Broad­
casting Corp. have built a film-to-TV conversion system using a linear sili­
con photodiode array to scan the film instead of the usual flying-spot 
scanning system. It 's a study project , to see what sort of picture the diode 
array will give , and while not for operational use the system gives a 
monochrome picture of fair quality. 

The array , from Reticon Corp. of Mountain View , Calif. , is a standard 512-
diode device-the longest so far available-integrated on a single chip with 
MOS scanning circuitry. The diode pitch of 1 mil eases matching the film 
width to the array length . A total of 512 sensor elements is just about 
enough to give adequate resolution . And the Reticon device will clock along 
the array at 10 megahertz , so that one horizontal scan takes 51 .2 micro­
seconds, which is almost the same time as the standard 52-microsecond 
active line time of the European TV format . The small amount of black at the 
edges is not perceptible. 
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Are beam-lead or chip-and-wire hybrids best for your circuits? 

Beam-lead hybrids for your circuits? 
Or chip-and-wire? If you 're not sure 
which is the most cost effective for 
you , ask Raytheon . We've got exten­
sive experience in both areas. In fact , 
no one can match our experience in 
packaging hybrids with beam-lead 
devices . 

We can tell you when rugged , 
reliable beam-lead technology will 

~ ,... - -- -- --'-- - --•• :_ ......... ,.. .. .....1 

Ask Raytheon. 
beat chip-and-wire hands down in 
overall circuit cost-effectiveness. Or 
we can tell you just as quickly when 
the lower unit cost of chip-and-wire is 
the best choice for greater short and 
long term savings. 

Either way, Raytheon custom 
hybrids are the first choice for quality 
and reliability-in ECM , telemetry , 
radar, and medical electronics circuit 

applications . Either way , we can 
show you which is best in your cir­
cuits. And we have the applications , 
design, volume production , and quality 
assurance experience to back up the 
recommendation . Contact Raytheon 
Company , Industrial Components 
Division , 465 Centre Street , 
Quincy, Mass. ~ ~ 
02169. JAYTHEON 



Philips, Siemens, 

and Cll finally 

found Unidata 

Britain aids ICL 

and domestic 

IC makers 

Nippon Electric 

goes after 

European market 
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lnternatiooal newsletter __ _ 

Philips, Siemens, and Compagnie Internationale pour l'Informatique 
have signed their long-awaited agreement setting up a joint computer 
company, Unidata. For the next year or so, Unidata will sell the cur­
rent product range of its parent companies. A new model range, from 
desk-top to very large machines, has been under development for some 
time and will be launched progressively from about 1975 onwards. All 
models will be compatible with IBM systems. 

Product development stays in the hands of the parent companies, but 
sales, technical service, and finance will be handled by Unidata com­
panies. For legal reasons, Unidata has set up three headquarters com­
panies-in Munich, Paris, and Apeldoorn, Holland-but will have a 
single management team headed by the two computer division chiefs 
at Philips and Siemens and by e n's director general. These three com­
panies, to be known as Unidata Management, will in turn control three 
relatively independent sales companies with a common holding com­
pany in Amsterdam. 

Unidata hopes to add other European computer groups to its stable 
sometime, but points out that Britain's ICL is still designing new models 
that are not compatible with IBM systems and shows little sign of want­
ing to join in. Meantime, Honeywell-Bull is talked of as a possible part­
ner, although Unidata is playing cool for the moment. 

The British government is showing increasing willingness to pump 
public money into British electronics companies where it judges it's in 
the national interest. First, it has announced that International Comput­
ers Ltd. will get $65 million over the three years starting in September 
1973 to make sure ICL's new range of computers, due later this year, is 
properly launched and established. ICL is already receiving $35 million 
over the two years prior to that as direct R&D support for the new 
range. ICL estimates that this $100 million is about one-quarter the total 
cost of developing and introducing the range. 

Second, the Ministry of Defence will progressively increase financial 
support for development in Britain of custom integrated circuits with 
expected military applications. Companies that will benefit are the 
British-owned IC makers, Ferranti Ltd. , Plessey Co., and GEC Semicon­
ductors Ltd., and the Philips subsidiary, Mullard Ltd. The aim is to re­
verse the present trend in which the number of contracts for British cus­
tom ICS for domestic military equipment is actually falling because the 
IC makers cannot meet the equipment makers' time scale. Now equip­
ment makers will be asked to write outline IC specifications much ear­
lier so that MOD can start more projects and start them earlier. 

Nippon Electric is putting increased emphasis on exports, especially to 
Europe. Until recently, Nippon Electric had liaison offices in Dussel­
dorf and Vienna. In May, it advanced the Dusseldorf office to a subsidi­
ary, NEC Electronics Europa, with responsibility for selling components 
and consumer electronics. Last month, it established a liaison office in 
Warsaw and an English subsidiary, NEC Telecommunications Europa. 
The English subsidiary also provides backup for the li aiso n office es­
tablished in Nairobi , Kenya, last year; much of the business for Africa 
flows through London. 
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Video cassettes 

for consumers 

launched in Sweden 

Plessey expands 

industrial IC line 

Siemens lands 

more East Bloc 

computer orders 

German typesetter 

speeds composition 

of Japanese symbols 

International newsletter -------

The first effort in Europe to market video cassette systems for private 
consumers will be launched this fall in Sweden, Finland, and Norway. 
Although video cassettes have been marketed for special groups- such 
as schools or training programs- this will be the first effort to crack the 
big consumer market. Behind the project is European Television Inter­
national Svenska AB. Known as ETI , it is a subsidiary of a Swiss finan­
cial group, European Programming Consolidated Foundation. 

ETI will market its programs and recorder/ players through a club sys­
tem. In Sweden, individuals will pay a $37 entrance fee , plus $30 
monthly over a five-year contract period. This will give the member his 
choice of two cassette programs a month, selected from a 5,000-title 
catalog and a service warrantee on the recorder / player, which he will 
own at the end of the contract. The member will plug the player into 
his own black-and-white or color receiver. ETI is also offering its play­
ers and programs on a hire-purchase plan to bars and pubs, which will 
get sports and entertainment programs mixed with commercials. 

Plessey Co.'s integrated-circuit division, which so far has concentrated 
on military, consumer and custom IC markets, plans to shift the empha­
sis towards industri al markets for off-the-shelf special-purpose ICs. First 
products to be pushed will be based on custom designs no longer exclu­
sive to the original customer. Included will be a range of MOS analog 
switches useful mainly for building multiplexers ; an MOS IO-channel 
current amplifier that will give 250 milliamperes· into 24 volts from 
each channel ; a bipolar op amp with a slew rate of 175 v per micro­
second, allowing the output to settle to 1% of final value within 50 na­
noseconds ; and a bipolar phase-locked-loop modulator/ demodulator. 
This unit will lock on to any input frequency up to 2 megahertz, so can 
be used to extract a signal from noise. 

Siemens AG has boosted its East European order backlog by several 
million dollars through deals with Czechoslovakia and Hungary. One 
contract covers the delivery of $3 million worth of EDP equipment for a 
computer center in Bratislava. From there , two Siemens machines, a 
4004/ 45 commercial system and a 404/ 6 process computer, will be 
used for controlling rail traffic, tracing freight cars on international 
routes, and handling various other administrative tasks. The contract 
from Hungary is for four models of the 4004 series, which will be used 
by banking institutions and government agencies . This order wi ll bring 
to 10 the number of Siemens 4004 systems in H ungary. 

Germany's Rudolf Hell GmbH, a big equipment supplier to the print­
ing industry, has come out with a high-performance digital electronic 
phototypesetting machine for Japanese characters . Successful trials 
with the first system at the J apanese daily Mainichi have led to an or­
der for a second one by that organization. The system, Hell says, 
reaches a typesetting speed of over l 00 characters per second, a speed 
which was previously impossible to achieve when typesetting very fine 
Japanese characters. The system works on-line with the Digital Equip­
ment Corp. 's PDP-11 computer, which is equipped with two disk stores 
with a capaci ty of over 40,000 Japanese characters. 
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USing one every daV Is! 
Because there's not much difference in function generator prices, there is often a tendency 

to specify the "name" brand. But handle-ability can be an essential factor. When a basic 
signal-source goes into your lab, consider first the day-to-day efficiency of the instrument 
and its effect on the real cost of ownership. 

For example, with sweep width a critical factor in testing 
network frequency response or developing a response plot, 
INTERST ATE's F34 allows you to precisely dial the 
controlled starting and end points. This, coupled with a 
Sweep Limit Indicator that won't let you dial an invalid 
output, puts it miles ahead of Wavetek 's 134 for 
accuracy and ease-of-use. 

This, and many other human engineering 
and price/ performance differences that exist between 
the two function generators reflect INTERSTATE's 
continuing concern for the user, and are factually catalogued 
in our FREE specifier guide. Check the number below to 
receive it, or for more direct information, call John 
Norburg, (714) 772-2811. 

e 
r-~c~~~ 
~ ~ CORPORATION 

Subsidiary of A-T-0 Inc . 
INTERSTATE F34, WAVETEK 134 FUNCTION GENERATORS." 

5. HEADQUARTERS: Dept. 7000, Box 3117, Anaheim, CA. 92803: OVERSEAS SALES OFFICES: AUSTRALIA, Parameters Pty., Ltd.: FINLAND. Havullnno Oy: FRANCE. Tekelec Alr-
1nlc, S.A.: ITALY, Tekelec Airtronlc: ISRAEL, Radat International Company Ltd.: JAPAN, Asahi & Co .• Ltd.: NETHERLANDS: Tekelec Alrtronlc, N.Y.: NEW ZEALAND, David J. 
id1 Ltd.: REPUBLIC OF CHINA, Bons International Co ., Ltd.: SPAIN, Telco. S.L.: SWEDEN, M. Stenhardt AB. : SWITZERLAND, Traco Trading Co. , Ltd.: UNITED KINGDOM. Euro 
!etronic Instruments, ltd.: WEST GERMANY, Tekelec Airtronlc GMBH. TWX U.S.A. 910-591-1197 TELEX U.S.A. 655443 I. 655419 
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AVX makes another bold move. First, in ceramic capacitors. 

Now in ceramic filters. 

AVX recently acquired the Potter Company California Operations. This merging of capabilities 
results in the industry's most comprehensive line of EMI filters. 

The present filter facility in San Diego will be expanded. Production will include miniature and micro­
miniature low pass EMI filters. C, L, 2L, Pi and T networks. Buttons, bolts, eyelets and hexes. Anything 
and everything in a wide range of ratings. Plus - AVX quality at the right price. 

Order any AVX or Potter filter from our West Coast facility. Request the new AVX Filter Catalog. Write, 
AVX Ceramics, 10441 Roselle Street, San Diego, California 92121. Telephone: (714) 453-6610. 

~/;..\Vb:( 
THE CERAMIC FILTER MANUFACTURER I . 

A VX CERAMICS CORPORATION 
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Growing with th( 
Amphenol's new telephone 
connector system 

• saves space, saves time, 
saves material. 

It's called Circuit Concentration Bay <CCB) 
and was first used to alleviate the problem of 
overcrowded distributing frames in a major 
Colorado telephone company central office. 
More than five miles of cable were actually 
eliminated in this installation. Floor space re­
quirements were reduced by 80 per cent. 

As more and more phone companies gain 
experience with CCB, it is also becoming clear 
that the savings in labor are at least as great 
as the space savings. Instead of the tedious , 
time-consuming job of hand soldering each 
connection, the craftsman uses color-coded 
miniature patchcords to complete circuits in 
about one-twentieth the time. And circuit 
interruptions found in normal distributing 
frames are virtually eliminated. 

The savings in space, materials and labor 
due to Amphenol's CCB system are adding up 
to tremendous cost reductions and improved 
service for phone companies across the country. 



1ew electronics 
Amphenol connectors 
help a mini-computer 
control a 70,000 
vehicle intersection. 

A sophisticated 
traffic control 
computer was 
installed last 
year to tame an 
unusually busy 
intersection in 
Campbell , Cali­
fornia. 

Environmen­
tal problems 
are tough because the controller is located 
right at the intersection. It must remain un­
affected by temperature variations between 0 
and 120°F . and by voltage variations of plus 
or minus 10 per cent. It must perform faith­
fully for years to come. 

That's why Amphenol's 5015 series con­
nectors were selected. Our "Old Vet" has a 
service record in tough environmental condi­
tions that no one can match. Some "Old Vets" 
are in service after over 30 years on the job. 

That's important to Campbell , California 
because their traffic controller has a lot of 
work ahead of it. 

Amphenol digital 
turns-counting dials 
help load a ship 
by computer. 

Unless a ship's cargo is distributed just right, 
stresses can cause extensive hull damage. So 
proper load distribution is critical. That's 
why one of the world's largest shipbuilders 

h a s developed 
an electronic 
cargo distribu­
tion computer. 
It presents car­
go placement 
and hull stress 
information 
continuously . 

The Swedish 
manufacturer 

selected Amphenol dials for thi s computer be­
cause they're so easy to read. A magnifying 
window significantly enlarges the numerais 
and vernier scale , and digital readout is angled 
to the perpendicular for easy viewing from all 
positions. 

Easy readability of the computer input de­
vices is essential because a misread digit , 
when fed into the computer, could cause a 
disastrous error in loading. 

B:t;!~~ AMPHENOL 
For more information, contact these manufacturing/sales facilities . United States : Amphenol Sales Divis ion, 2875 S. 
25th Av. , Broadview, II. 60153 Canada: Amphenol Ca nada Ltd., 44 Metropolita n Rd ., Sca rborough , Ont. Great Britain: 
Amphenol Ltd ., Thanet Way, Tankcrton , Whitsable, Ke nt , Engla nd West Germany : Amphenol-Tuchel Electronics Gmbh , 
8024 Dcisenhofen bei Munchen, West Germany France: Usine Metallurgique Doloisc , 92a98 Avenue de Gray, 39100- Dole, 
Fra nce Australia: Amphenol T yree Pty. Ltd. , 10- 16 Charles S t. , Redfern , N .S. W. 201 6, Aus tralia India: Amphctro nix Ltd., 
105 Bhosari Industrial Area, Box 1, Poona 26 , India Japan: Daiichi Dcnshi Kogyo K .K ., 20. 3-Cho me, Yoyogi, Shibuya-ku , 
T okyo , Japan 15 1 
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"Clark automated storage systems utilize a computer­
directed stacker crane and transfer cars. The heart of the 
system is a Clark-designed electronic logic package, 
with Augat plug-in control circuit boards. 

"About half of each logic/system we deliver is 
custom-designed to meet specific requirements. Use of 
Augat panels means faster development time. We stay 
competitive because we can design and deliver a complex 
system faster, with a lower overall cost. Eel Herr 

"We also save a lot of time, and thereby money, with Augat's easy field mainte­
nance. Trouble-shooting in the field is simple, chip replacement or rewiring can be 
done on site. By replacing individual components instead of complete board assem­
blies field maintenance is faster and customer downtime is kept to a minimum. 

"Augat panels also allow us to remain responsive to customer-requested 
changes and additions to the system we deliver. This is a direct result of the flexibility 

inherent in wire-wrapped socket panels. 
"Stacker cranes often work 24 hours a day in a rough, 

punishing environment. We wondered if a socket approach 
could withstand the constant shock and vibration. So far, 
we haven't experienced a single malfunction. 

"Using the Augat approach makes life easier." 
Augat is the world's largest and most experienced 

producer of I. C. panels and other DIP interconnection prod­
ucts. Augat's exclusive tapered-entry sockets and machined 
contacts offer unsurpassed reliability. Most important, 

AutomatedTransferear the unique combination of flexibility, quality, reliability, 
density, faster development time and economical field 
maintenance have resulted in substantial overall sys­
tems cost savings to companies like Clark Equipment. 

Augat will help you solve your interconnection 
requirements - and reduce your costs. Call or write to 
us today. We'll send you our free brochure and complete 
product information. 

Augat, Inc., 33 Perry Avenue, Attleboro, Massachu­
setts 02703. Represented and distributed internationally. Augat IC Socket Panel 

Plug into Augat~ Clark Equipment did. 
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For everything you could possibly want to know about Cherry Thumbwheel and 
Leverwhee! Switches, this new catalog is just what the doctor ordered. You 'll find 
details and specs on nine series of Thumbwheels and Leverwheels-available in 
hundreds of variations. You'll find truth tables .. . cross-indexed product listings 
... application data ... specials ... and more. You'll also find never-before­
published "inside" information on Cherry's Thumbwheel Switch total in-house 
manufacturing capabilities: Including printed circuit, precious metal plating, silk 
screening, metal stamping and plastic molding operations. All in a handsome, 
new, easy-to-use 72-page format. And it's yours for the asking: Just TWX 

® 3608 Sunset Ave., Waukegan, Ill. 60085 

Cherry affi liates worldwide • Hirose Cherry Precision Co .. Ltd., Tokyo • G. W . Engineering Pty. Ltd .. Sydney 
Cherry Electrical Products (U .K.) Ltd .. St. Albans. Herts • Cherry Mikroschalter GmbH, Bayreuth, Germany 
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Probing the news ________ __ _ 
Analysis of technology and business developments 

Sales of earth terminals set to soar 
Bi rth of national and regional satellite systems spurs demand 

for smaller solid-state stations costing less than $1 million 

by William F. Arnold, Aerospace Editor 

Up to now a typical earth terminal 
has had a huge dish antenna, fancy 
hardware, and an equally fancy 
price tag of $3 million to $5 million. 
However, the emergence of national 
and regional satellite systems to 
supplement the global trunk net­
work-coupled with advances in 
solid state-is opening a new market 
where sales will go up while the size 
and cost of terminals go down. 
Trends affecting the market and 
technology include: 
• A growing demand for medium­
sized and small terminals, with spe­
cial emphasis on remote, rooftop, 
and unattended stations, many of 
them receive-only units for TV. 
• Smaller trunk stations for tele­
phony and television transmission, 
their 30-foot antennas mandated by 
economics and made possible in 
part by increasing circuit min­
iaturization. 
• More digital communications, 
mostly built around time-division 
multiple-access (TDMA) approaches 
for heavy-traffic terminals, the de-

mand-assigned Spade system [Elec­
tronics, Feb. 28, 1972, p. 102] for 
medium-traffic terminals, and 
single-channel-per-carrier tech­
niques for light-traffic terminals 
(much of the traffic will be com­
puter-directed at higher trans­
mission rates) . 
• More solid state, including the 
wider use of large-scale integration 
(LSI), which will spur development 
of cheaper non-cooled parametric 
amplifiers and other subsystems. 
• Falling prices across the board 
with maximum costs, for example, 
approximating $1 million for a me­
dium-sized trunk terminal, $400,000 
for a Spade terminal, and less than 
$ 100,000 for a single-voice-channel 
unit with TV-reception optional. 

The result is potentially a global 
market where, despite fierce eco­
nomic and technological competi­
tion, new companies will join the 
scramble for sales with their more 
established competitors. Not sur­
prisingly, American and European 
companies, while concentrating on 

their respective domestic systems, 
find tough competition from Japa­
nese companies in Intelsat and so­
called third world markets in Africa, 
Asia, and Latin America. 

Japan is the big competitive 
threat, asserts Robert Chasen, group 
general manager of ITI's Govern­
ment and Commercial Services divi­
sion, Nutley, N.J., who calls Nippon 
Electric Co. and Mitsubishi Electric 
Corp. "formidable competitors." He 
and other executives say the Japa­
nese are off to a good start in digital 
work through intensive research and 
development, for example. 

Big four. Worldwide, the big four 
companies appear to be ITI, Gen­
eral Telephone and Electronics, 
NEC, and the Italian syndicate STS, 
in which GTE's Italian subsidiary 
has a minority holding. STS, for ex­
ample, beat out ITI and NEC and 
other major leaguers for work in 
Sweden and Argentina. While ITI is 
three or four times larger than any 
other supplier of earth stations, NEC 
has a good share, too. It sold Spade 

Cool calls. Thin-route earth station in the far north uses single-channel-per-carrier voice circuits for Bell of Canada telephone service. 



Probing the news 

equipment to eight European coun­
tries, as well as in Asia and Africa, 
and claims to have sold equipment 
for nearly half of the world's 70-odd 
commercial earth stations. 

But right now, supplying the 
world market is not profitable, say 
ITT's Chasen and R ichard W . 
Couch, president of GTE's Inter­
national Systems Corp., Waltham, 
Mass. The big future market lies in 
domestic satellite communications 
systems, Couch says. However, he 
believes that overseas both the in­
ternational and domestic systems 
will be locked up by national com­
panies, particularly Marconi Com­
munications Systems Ltd. in Britain, 
Mitsubishi and NEC in Japan , 
Thomson-CSF in France, Siemens in 
West Germany, and STS. Aside from 
these companies, he says, "Europe is 
almost closed." 

Two coming. Besides Canada's 
Telesat system, that would leave two 
big domestic networks coming up. 
One is the U.S. net now getting un­
der way [Electronics, June 21 , p. 72], 
and the other is the 2,500-earth-sta­
tion Brazilian system that's being 
planned. To follow those are net­
works in Australia and India. In the 
U .S. "do you know how many earth 
terminals there'll be in private wire 
service alone?" exclaims Alfred M. 
Faries, senior engineer in satellite 
systems development, RCA Global 
Communications Co. His excite­
ment is shared by many vendors: 

companies are becoming serious 
about business in earth terminals 
because "some realize that there're 
hundreds of millions of dollars star­
ing them in the face," he says. 

U.S. equipment suppliers ITT, 
GTE, and RCA are joined by Hughes, 
Philco-Ford, Radiation Inc., Com­
tech, Scientific Atlanta, !lnd General 
Electric's space center in Valley 
Forge, Pa., which has developed an 
all-purpose communications system 
costing $150,000 and up. Modu­
larized, GE's satellite terres trial 
setup uses demand assignment and 
has single-channel-per-carrier cir­
cuits. Other foreign suppliers in­
clude Japan's Fujitsu; France's Tel­
space, which has sold 13 $3 million 
Intelsat terminals; and West Ger­
many's Resatellite Communications 
Systems, a consortium of electronics 
companies developing an Intelsat­
type TDMA system. 

ITT's Chasen, GTE's Couch, and 
Philip Schneider of RCA Globcom, 
New York, all see ground-station 
technology centering on developing 
unmanned capability and Spade­
type switching systems that will pro­
vide communications without re­
quiring annual leasing of channels. 

Schneider, Globcom's executive 
vice president for lease facilities and 
engineering, says the future need is 
for low-cost broadcasting to many 
stations. "What you'd like to have is 
an inexpensive disk [antenna] on 
your roof," he says. "This means 
more power from the bird and a 
change to lower frequencies ." Ap­
plied Technology Satellite F will 

Carrier carrier. Transportable earth station for TV aboard aircraft carrier used to broadcast 

all commercial color coverage of Apollo and Skylab recovery operat ions in the Pacific . 

\ 

show the way, he says, because it 
will operate at about 900 megahertz 
and its 30-foot umbrella-like an­
tenna will give much more amplifi­
cation than present Intelsat birds. 

In Japan, NEC says the worldwide 
demand for new Intelsat-type sta­
tions is averaging about 10 to 15 a 
year, with appropriate sales of me­
dium and small domestic stations. 
Besides building Spade terminals, 
development will continue on pulse­
coded TDMA techniques for high-ca­
pacity applications and the single­
channel-per-carrier approach for 
low-capacity applications. The com­
pany expects to complete develop­
ment of an uncooled parametric 
amplifier this year-a big step 
toward lower costs-and would like 
to work on direct broadcast receiv­
ers. Antenna specialist Mitsubishi 
thinks it's possible to build an an­
tenna-receiver combination for less 
than $500. It has developed a re­
mote-controlled earth station and is 
working on a fully automated one. 

Price can drop. In France, Jean­
Pierre Roussin, chief engineer for 
space telecommunications at the 
communications ministry's research 
facili ty near Paris, says that pro­
totype stations would sell for much 
less than $3 million if mass-pro­
duced. Light-traffic stations for de­
veloping countries could cost as 
little as $500,000, he adds. However, 
Roussin cautions that general fig­
ures are deceptive because, as an­
tenna-receiver systems shrink, cost 
of telecommunications equipment 
for a ground station starts to pre­
d om in ate. And the amo unt of 
equipment varies. 

Like France, West Germany is 
developing TDMA systems. Resatel­
lite has developed a 100-megabits­
per-second system. Due for Intelsat 
trials in 1975, the system's Intelsat 
specs now are a 750-microsecond 
frame length (instead of 125), 60-
megabits-per-second data rate, and 
the use of a computer. 

In England, Marconi is studying a 
configuration for dishes for data 
communications which it believes 
will be 15 feet or less in diameter. 
The dishes will be needed in quan­
tity, and the company will probably 
use established technology to keep 
the price down. D 

Reporting for th is article was by Charles Cohen, John N. 
Kessler, Arthur Erikson, John Gosch, Michael Payne. 



''They're reliability 
freaks. Thats why we 

bought their laser 
trimmer.'' 
I 

Mel Nesselroth 
Manager, Hybrid Product Engineering 
Motorola Communications Division 
Ft. Lauderdale, Florida 

Motorola's Mel Nesselroth is a tough cus­
tomer. He has to be. His engineering group is 
responsible for turning out all the hybrid circuits 
used in the company's portable communications 
products. 

With Mel Nesselroth, reliability is the big 
thing . 

" We picked Teradyne 's W311 Laser Trim­
ming System to trim thick-film circuits. Why? 
Because Teradyne people are such demons for 
reliability . We 're now punishing that system 24 
hours a day. Sometimes we throw in Saturdays 
and Sundays." 

Is it down much? 
" Maybe an hour or so a week , for main­

tenance of mechanical parts. " 
The W311 's uncommon reliability is 

matched by its speed, wh ich derives from a 

unique galvanometer-controlled beam posi­
tioner. Its speed is matched by its accuracy. 
Motorola has checked its bridge again and again 
against external standards and has yet to find 
a discrepancy. 

High throughput, total control of trim size, 
and clear TV monitoring are other features of the 
W311 that turn Motorola on. But a practical man, 
Mel Nesselroth keeps coming back to bread-and­
butter issues : " I like to think of the savings in 
support costs we 're going to realize because of 
Teradyne's 10-year warranty. That 's a real plus." 

Find out more about Teradyne 's W311 , the 
workhorse that has proved itself at Motorola and 
at companies large and small all over the world . 
Write Teradyne, 183 Essex Street, Boston , Mas­
sachusetts 02111 . In Europe: Teradyne Europe 
S.A., 11 bis, rue Roquepine, 75 Paris s·, France. 

CHICAGO (312) 298-8610 I DALLAS (214) 231-5384 / NEW ENGLAND (617) 458-1256 / NEW YORK (201) 871-4052 /SUNNYVALE (408) 732-8770 
LONDON (093-28) 61111 I PARIS 265 72 62 /ROME 59 47 62 / MUNICH (0811) 33 50 61 I TOKYO (03) 406-4021 
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Probing the news 

Computers 

Sweden enacts privacy law 
World's first such measure sets up Data Inspection Board to keep 

an eye on nation's 4,000 to 5,000 personal data banks 

by Robert Sko/e, McGraw-Hi/I World News 

Sweden is combatting the threat of 
invasion of privacy by computer 
data banks. With experts around the 
world watching, the Swedish Data 
Inspection Board started operating 
on July 1 as a watchdog-with 
teeth-under the world's first na­
tional law preventing undue en­
croachment of citizens' privacy by 
private data banks. The law regu­
lating establishment and operation 
of data banks actually goes into ef­
fect July 1, 1974-but the inspection 
board starts operating now to give 
companies and state agencies a year 
to comply. 

There are 4,000 to 5,000 personal 
registers in Sweden, among them 
roughly 500 operated by state or lo­
cal government agencies. For those 
500, the law makes an exception, 
having the board serve only in a 
consultant's position. This distinc­
tion is perhaps the only point in the 
law that caused serious debate in its 
smooth ride through parliament: in­
dustry and some political parties 
wanted the laws to cover all data 
banks, with no exceptions. But the 
Social-Democratic government ar­
gued that parliament itself provides 
control of Government systems-

Backs privacy. Swedish Prime Minister Olaf Palme's Social-Democratic government has 
pushed through the world 's first national law protecting citizens ' privacy from computers. 
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and if there are abuses, an individ­
ual can appeal to the parliamentary 
ombudsman. 

The government knows all too 
well about parliamentary control. 
Last year it sought funds for person­
nel for a big daddy of all data 
banks- a central personal register 
with the information on all Swedes 
that's now kept by provinces. Data 
in these banks is public under a 
1766 Swedish law, which has been 
extended to include automatic data 
processing. But parliament never­
theless objected to the central regis­
ter and rejected the appropriation, 
even though the government had to 
make good on contracts already 
signed for the computers. 

Census sale. The privacy law was 
triggered in large part by a public 
outcry several years ago over a spe­
cial census for data that was going 
to be sold. At the same time, atten­
tion was drawn to the provinces' 
practice of selling information on 
individuals when one refused to sell 
its tapes to an ITI subsidiary. The 
case went to court, which ruled that 
the province must treat the tapes as 
any other public document-and 
make them available to the public. 

Having so much personal data 
readily available has made Sweden 
a paradise for direct-mail com­
panies or market researchers. To top 
it off, all Swedes have personal 

' numbers- given at birth or on im­
migration- which are valuable for 
data processing in this nation of mil­
lions of Andersons, Eriksons, Svens­
sons, Karlsons, and Petersons [Elec­
tronics, Aug. 17, 1970,p. 115]. 

Curiously enough, industry had 
no real objections to the law. In fact, 
computer specialists have been ask­
ing for years for a privacy law or 
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ground rules to be established be­
fore any public reaction against 
data banks could result from their 
abuse and reach a point that would 
affect computer development. 

Broad coverage. The law will af­
fect such data banks as payroll 
records, personnel lists, customer 
lists, subscriber lists, direct mail lists, 
credit rating lists, and, in a word, 
any register, handled by automatic 
data processing, in which an indi­
vidual can be identified. 

Jan Freese, deputy director-gen­
eral of the board, says these range 
from the giant registers containing 
millions of names-like those kept 
by direct-mail firms or insurance 
companies- down to small company 
records. The smallest he saw had 27 
names, in a company with a very 
complicated piece-work payment 
system. At this point, specialists in­
volved with the law do not see that 
it will mean anything as far as hard­
ware is involved. However, once the 
board starts to make specific rulings 
on cases, there could be demand for 
some hardware-such as additional 
memory capacity for logging trans­
actions to provide a record of who 
gets what information, or for pro­
viding scrambling and descrambling 
equipment to insure privacy when 
filling board demands. Also, there 
could be additional work for pro­
gramers, and computer service com­
panies will be facing additional 
work to upgrade their customers' 
data banks to meet board require­
ments. 

More to come. The only personal 
registers covered by the law are 
those set up for automatic data pro­
cessing. The law does not cover 
manually operated systems-if there 
are any. However, another law that 
will be presented to parliament next 
year covers all- automatic or man­
ual-credit rating reporting and per­
sonal filing systems. This law will 
have some tough restrictions-in­
cluding the fact that only Swedish 
companies can provide such ser­
vices. Thus, credit reporting will be 
covered by both the data bank law 
and the special credit law- when the 
systems are computer-based. 

Sweden's law making all public 
records open to the public has 
meant that an individual knows 
what a state or municipal data bank 
contains on him. But until now he 
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It's the law 

While Sweden's new privacy law permits the Data Inspection board to act 
only as an adviser in the case of government data banks, it gives the board 
sweeping power over private installations. Here are the main points: 
• A personal register (a data bank containing names or lists where an indi­
vidual can be recognized) can be kept only with permission of the board . 
• No information can be kept of highly personal, sensitive matters-such 
as data on a person 's alcoholism, arrest record, psychiatric treatment-ex­
cept with special permission from the board . 
• No registration can be made of an individual 's religious or political views 
(although parties or churches can keep membership lists). 
• The board will rule on how each data bank can be set up and used. 
• Each individual will have the right to get a free printout-in under­
standable form-of what a data bank contains on him. 
• Anyone can sue a data bank if it spreads false information on him. 
• An individual can demand (and get the board to enforce the demand) 
that corrections be made, or that his or her name be eliminated from a 
bank. 
• Data banks cannot be moved outside the country without permission . 
• Operators of data banks can be made to notify individuals that their 
names and other information are being kept in the register. 
• Operators of such banks must make provision for logging of transac­
tions , and must also provide any security systems that the board demands. 
• Revisions in type or extent of material, and how a bank is used , can be 
made only with board permission . 
• Penalties for violations can lead to a fine or maximum of a year in prison. 

has had no control over private data 
banks. "What we have done is ex­
tend the principle of public infor­
mation into the private sector, when 
it deals with personal information," 
says Freese. 

One important section of the new 
law extends the rule of obligation to 
observe secrecy- a rule that applies 
to such professions as medicine, so­
cial work, and some government of­
ficials when they are concerned with 
personal information-to private 
data bank operators. If the board 
rules that a data bank operator must 
be silent, he is then covered by this 
ruling. 

The director general of the Data 
Inspection Board is a jurist and ca­
reer civil servant, Claes-Goeran 
Kaellner, who knows very little-if 
anything-about computer data 
banks. But the law requires that a 
majority of laymen make up the 
nine-man board, with only three ex­
perts. One is Aake Pernelid, manag­
ing director of the state computer 
consulting system (right now busy 
setting up an on-line system to link 
all pharmacies to a central com­
puter). Another member is P. G. 
Vinge, a computer security specialist 
with the federation of Swedish in­
dustries, and former head of the 
Swedish counter-espionage service. 

Others are mainly parliament mem­
bers from different parties. 

America. What is the U. S. doing 
to protect the rights of individual 
citizens when it comes to govern­
ment and private data banks? "Not 
much at all in the private sector 
since the Fair Credit Reporting 
Act," admits one congressional legal 
expert on the subject. And on the 
Government side, limits are still 
fuzzy on what the Department of 
Justice and its FBI can do with arrest 
records and other data in the Na­
tional Crime Information Center. 

Of the Fair Credit Reporting Act 
and its impact on private data 
banks, an attorney for the Senate 
Subcommittee on Constitutional 
Rights observes that individuals 
must take a positive action to exert 
their rights to notice, access, chal­
lenge, and correction of errors in 
private data banks- even those of 
some insurance companies. 

But " the individual must know 
the record is being kept first before 
he can act," the lawyer points out, 
adding the situation is not much dif­
ferent than in Sweden. Usually, the 
requirement to notify an individual 
of the record is couched "in the 
most vague, broad, and nonhelpful 
language" that the record keepers 
can come up with. D 

73 



Probing the news 

Military electronics 

SAM-D hits a challenge 
GAO questions planned procurement cuts , rising costs, tech nology 

of Raytheon 's air-defense system for the Army 

by Ray Connolly, Washington bureau manager 

As the Congress weighs the Army's sponse to the 66-page assessment of 
fiscal 1974 request for $194.2 mil- SAM-D by the congressional audi­
tion to continue development of its tors, the GAO's judgment that the 
SAM-D ground-to-air missile-defense Raytheon Co. program "exhibits 
system-a 13% increase over the many of the characteristics identi­
year before-the General Account- fiable with problematic weapons 
ing Office has come up with a long systems in the past" is one that 
list of challenges to the system's ris- clearly upsets the decision makers in 
ing costs and its relative capabilities. the military. 

costs by cutting back on planned 
procurement of SAM-D tactical fire 
sections by 68% and the number of 
missiles by 52%. Despite these cuts, 
the GAO's declassified version of the 
study says total program cost of 
$4.37 billion for the missile system is 
still up 9% from the 1967 develop­
ment estimate. 

Though the Department of De- The GAO even takes aim at the Though the number of SAM-D 
units to be bought is classified, the fense has yet to make a public re- Army's efforts to pare the program's 

74 

SAM-D 

One SAM-D fire section with its 20 missiles comes closest 
to an 1 8-missile Hawk battery, although a SAM-D battery 
consists of two sections with 40 missiles. It takes three 
batteries to make up a SAM-D battalion . 

The principal components of a SAM-D fire section are a 
fire-control group composed of radar van, power unit , 
weapons control unit with computer , and five launcher 
units with four missiles each . Additionally , there are sup­
port items for such purposes as maintenance, missile 
handling , and crew training . 

The single SAM-D radar combines the functions of 
search , surveillance , missile acquisition , tracking and 
guidance , target illumination and tracking, and inter­
rogation-friend-or-foe plus ECM sensing . 

It is a phased-array unit and does not have 360° capa­
bility . Information on range , altitude, and multiple target 
capabilities are classified . 

Each launcher unit carries its missile rounds in individ­
ual canisters that double as shipping containers and 
launch tubes. Launchers can be rotated through 180° by 
remote control from the weapons control unit to engage 
various targets. 

SAM-D 's missile is wingless and designed for boost 
glide with very high acceleration and speed similar to the 
Sprint antiballistic-missile system. The warhead of the 
missile in the SAM-D system contains high-explosive with 
a nuclear option, and maneuverability is provided by four 
rear-mounted fins . 

SAM -D is hardened against electromagnetic pulses : 
Improved Hawk is not. 

Improved Hawk 

One Hawk battery has one pulse-acquisition radar and 
another improved continuous-wave-acquisition radar , 
each of which rotates continuously through 360°. An­
other range-only radar in the battery provides critical 
threat information under certain electronic counter-mea­
sure conditions. 

Hawk's information-coordination central van houses 
the system 's computer , communications , and inter­
rogation-friend-or-foe hardware. The unit automatically 
assigns targets to each of the two fire sections after their 
acquisition . Another battery-control central unit provides 
tactical control of the battery and over each fire section 
and permits automatic , semi-automatic or manual oper­
ation by the crew. 
A guidance-illuminator radar in each fire section-part of 
Improved Hawk's guidance group-reacquires, tracks , 
and provides a reference signal to the missile. It accom­
plishes this by target data from the information-coordina­
tion central unit. 

As for launchers, each Hawk fire section has three, 
armed with three missiles each . The launcher designated 
to fire activates and aims a missile and then launches it. A 
tracked loader vehicle in each section then reloads a 
launcher, whereas Raytheon 's SAM-D missile-launching 
system uses a crane. 

Additionally , the Improved Hawk's ground support 
equipment contains built-in test equipment. Just as for 
the SAM-D, each Hawk missile is a certified round that is 
designed to requ ire no field testing or maintenance once 
it leaves the factory . 
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Our new 16-channel analog multiplexer-
the only monolithic multiplexer with internal 
overvoltage protection. Features performance 
characteristics previously unavailable, and it's 
pin-for-pin replaceable with the DG-506. 
Designated the Hl-506A, this 
new Harris 1 &-channel multiplexer 
combines DI/CMOS (dielectric 
isolation) processing and unique 
circuit design to provide on-board 
protection against analog input 
overvoltage. Therefore, in the 
event of overvoltage in one 
channel, there is no output error 
when other channels are being 
addressed. This same protection 

circuit eliminates latch-up as well 
as unpredictable operational 
characteristics that could result 
from transient voltages originating 
in either the signal or supply. A 
second similar protection circuit 
provides the device with the 
necessary safeguards against 
static charges. In addition, break­
before-make switching eliminates 
undesirable channel interaction. 

Applications include data 
acquisition, telemetry systems, 
process control and general analog 
switching. The device is available 
in volume now for off-the-shelf 
delivery. For details see your 
Harris distributor or representative. 

Features: 
Internal overvoltage protection, 
both analog and digital 
No channel interaction with 
power loss 
Break-before-make switching 
DTL/TTL and CMOS compatibility 
Supply current 4mA at 1 MHz 

toggle rate 
Power requirement 7.5 mW disabled 
Power requirement 7.5 mW enabled 
Access time 500 ns 
Power supply ± 15V 
Signal range ± 15Vdc 
Supplied 28-pin DIP 

Hl1-506A-5 
0°C to + 75°C 
Hl1-506A-2 
- 55°C to + 125°C 

100-999 units 

$28.60 

$57.20 

HARRIS 
SEMICONDUCTOR 

A DIVISION OF HARRIS- INTERTYPE CORPORATION 

P.O. Box 883, Melbourne, Florida 32901 
(305) 727-5430 

~~~)R4~~~J:i¥~Jb'u~~,i~~i1;~~:;,;:~ry~\~-;..7i::.~.~~~~;r~':'~~ii~;f~~~;(~~9.;'a~0~t~'*~~~~~"b~~~~e-;;::::~~~~~t~~~UL'b~i~~;,~~.'.'.1~~;~:~7~~~~~~~~~1"t:a~cij~~.C.: 
HAR (202) 337-3170 FLORIDA: Hollywood-Schweber; Melbourne- HAR (305) 727-5430 GEORGIA: Atlanta-Schweber ILLINOIS: Chicago-Semi-Specs. Schweber; Schaumburg-HAR (312) 894-8824 
INDIANA: Indianapolis-Semi-Specs MARYLAND: Rockville-Schweber MASSACHUSETTS: Lexington-R&D; Waltham-Schweber; Wellesley-HAR (617) 237-5430 MICHIGAN: Detroit-Semi-Specs 
MINNESOTA: Minneapolis-Semi-Specs MISSOURI: Kansas City-Semi-Specs; St. Louis-Semi-Specs NEW MEXICO: Albuquerque-Weatherford NEW YORK: Melville-HAR (516) 249-4500; Syracuse-HAR 
(315) 463-3373; Rochester-Schweber;Westbury- Schweber OHIO: Beachwood-Schweber; Dayton- Semi-Specs. HAR (513) 226-0636 PENNSYLVANIA: Pittsburgh-Semi-Specs; Wayne-HAR (215) 687-6600 
TEXAS: Dallas-Weatherford, Semi-Specs, HAR (214) 231-9031 WASHINGTON: Seattle-Liberty. Weatherford WISCONSIN: Wauwatosa- Semi-Specs. 
LEGEND FOR HARRIS SALES OFFICES & DISTRIBUTORS: Harris Semiconductor (HAR); El mar Electronics (Elmar); Harvey/ R&D Electronics (R&DJ; Liberty Electronics (Liberty); Schweber Electronics 
(Schweber) ; Semiconductor Specialists, Inc. (Semi-Specs); R. V. Weatherford Co. (Weatherford); Western Radio (Western). 
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MEET A GROUP OF 
SCHEMING INDUSTRIALISTS. 

They're people from the smaller 
towns of Georgia. And they welcome 
new business with inducements like ~ 
a mayor who calls you by name; a 
doctor when you need him. A clean, 
uncrowded environment; progressive 
education; conservative government. 
Locations near cultural and sports 
centers. Room to grow, and willing 
hands to help. 

In Georgia, we establish non­
profit corporations and industrial 
authorities to erect and lease build­
ings for new business. We provide 
virtually any kind of financing, give 
manufacturers tax exemptions on 
new equipment, and an overall tax 
structure competitive with neigh­
boring states. Construction costs are 
14% below the national average, and 
power costs are among the lowest in 
the nation. 

Our Quick Start Program trains 
your employees, free, in skills tailored 
to your business. 

In the transportation and distri­
bution center of the Southeast, you'll 
be served by 500 motor carriers, the 
nation's second busiest airport, two 
major rail systems and two deep­
water ports. 

You'll also be served by the astute 
industrialists in Georgia's smaller 
towns who try to make the quality 
of life agreeable. 

For you, and for them. 
Mail the coupon today for more 

detailed information on the industrial 
climate in Georgia's smaller towns. 

GEORGIA 
GOOD FOR BUSINESS. GOOD FOR PEOPLE. 
,----- - -------- , 

Georgia Department of Community Development I 
Industry Divis ion, Dept. EL·4 l 

Box 38097 I 
Atlanta, Georgia 30334 

Please se nd me information on Georgia 's I 
industrial opportunities, including I 

the" 1973 Industrial Survey of Georgia." 
I 

1-Na_m_e~~~~~~-T-it-le~~~~~I 

I I 
I Company I 

I Address I 

I . s z· I 
0.:'~ - - - - - - ~e- - - ~ - - _J 
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Probing the news 

GAO says unit cost tripled. Of that 
increase, says the Army, more than 
a third ( 42%) is attributable to cost 
escalation, 27% to the reduction in 
quantities to be bought, and 31% to 
correction of prior estimating errors 
and engineering and schedule 
changes. 

Army disagrees. Cuts in proposed 
SAM-D procurements, while ac­
knowledged by the Army, are "cer­
tainly not as severe as GAO makes 
them out to be," says one official. 
"They're going back to a 1967 de­
velopment plan for a base when 
SAM-D was a different system. 
They're comparing apples with or­
anges." Admittedly, SAM-D was con­
figured differently six years ago, 
with batteries generally envisioned 
as much more complex. They had 
four firing sections then, rather than 
two, with each section having two 
launcher groups and one launcher 
control group. 

Each section would have had its 
own radar and limited computer ca­
pability, making four radars per 
battery, rather than one now. With 
six missiles to a launcher, rather 
than the four now proposed, there 
would have been 48 missiles to a 
battery, instead of 40. 

But the biggest difference be­
tween 1967 and 1973, in the Army's 
view, is that SAM-D is not proposed 
for use in the continental U.S. ''That 
was decided a long time ago, and 
the GAO knows that it was," says the 
Army's advocate. "By cutting out 
CONUS, you cut out quite a bit," he 
points out. 

Contrast. Ironically, the congres­
sional investigators use another 
Raytheon Co. system-the Im­
proved Hawk, which SAM-D is de­
signed to replace- as a means of 
pointing out some of SAM-D's limita­
tions. For example, it notes that a 
single Improved Hawk rotating ra­
dar can scan a greater area than 
SAM-D's fixed, phased-array unit. 
Moreover, a Hawk battery's two ra­
dars will permit it to function with a 
limited capability if one is lost; the 
loss of SAM-D's single radar will put 
a unit out of action. Balanced 
against this is SAM-D's longer range, 
and multiple-target-tracking and 
multi pie-missile-guidance capability 

Electronics/July 19, 1973 

compared with Hawk's ability to 
take on targets at the same altitude 
only one at a time. 

Similarly, the GAO wonders 
whether SAM-D's greater engage­
ment and faster firing rate is offset 
by its "significantly longer" reload­
ing time when compared with Im­
proved Hawk. 

Though SAM-D has 40 missiles to 
a battery of two fire sections com­
pared with Hawk's 18 per battery, 
the GAO notes that Hawk is less vul­
nerable than SAM-D to a follow-on 
attack after all ready missiles have 
been fired. Precise reloading times 
for the two systems are classified by 
the Pentagon, but the report indi­
cates that SAM-D cannot be reloaded 
in less than 30 minutes. 

Cutting down personnel. At a time 
when the Army is trying to get along 
with fewer personnel without dimin­
ishing force effectiveness, SAM-D's 
ability to use some 7,500 fewer 
people following replacement of Im­
proved Hawk and the older Nike­
Hercules batteries has been empha­
sized by the service. Yet the DOD 
Development Concept Paper No. 50 
on the new system notes that "re­
plenishment spares and mainte­
nance and overhead costs" of SAM-D 
"will cause operating costs per bat­
tery to be greater than Improved 
Hawk, offsetting the cost advantage 
of fewer personnel." 

Using the concept paper's esti­
mates, the GAO figures that the 10-
year life-cycle cost for a SAM-D bat­
tery would be $102 million com­
pared to $43 million for an Im­
proved Hawk. 

Another point made by the GAO­
that the Army deferred testing of 
critical components, notably the 
guidance and warhead-fuzing sub­
systems, based on an approval of 
the Director of Defense Research 
and Engineering-is challenged by 
Army officials. 

The GAO notes that the DDR&E 
approval was based on "the fact 
that delays had occurred in the pro­
gram plan due principally to fund­
ing shortages" and that " these de­
lays resulted in a less mature design 
model available for testing." 

The Army notes that the tests 
were deferred because the $35 mil­
lion cost forecast to test 10 vehicles 
would not have been beneficial for 
two reasons. "First, these would 

have been handmade jobs-not 
what we are building and using 
now. And, second, by captive flight 
testing of components" using air­
craft to test and stress breadboarded 
hardware that was headed for the 
SAM-D missile, "we had already 
learned a lot. We would not have 
gained $35 million worth of data 
from those tests." 

Technology. A key issue in the de­
ferred testing is SAM-D's track-via­
missile guidance system. "TVM guid­
ance was planned for the Navy's Ty­
phoon system which was canceled in 
1964," says GAO, and "was again 
considered, but rejected, for the 
Navy's Aegis missile system after 
being assessed as a high-risk ele­
ment and not necessary for an an­
tiaircraft weapon." As a new tech­
nique, TVM poses two problems: 
• How to direct the missile's nose 
antenna at the target while at the 
same time keeping the rear antenna 
oriented to the ground radar. 
• The complexity of its data and 
command links. 

The GAO contends that the guid­
ance system "has no operational 
precedent" and considers it to be 
"potentially problematic." As for 
the warhead-fuzing interface, the 
auditors note that it is not scheduled 
to begin flight testing until 1974. 

The Army, which says it has re­
butted the GAO criticisms point by 
point in a confidential response, in­
dicates it sees no imminent threat to 
its SAM-D effort from the analysis of 
the system. In fact, says one source, 
questions raised in the study were 
available to congressional com­
mittees before the GAO report was 
generally available, and these ques­
tions were answered in Army testi­
mony on the fiscal 1974 budget. 

Does Europe need it? Never­
theless, one politically imponder­
able threat to SAM-D's long-term po­
tential - particularly when a 
production decision is still some 
years away-was raised to the Con­
gress by the GAO. It is the issue of 
whether SAM-D will be needed for 
defense of continental Europe 
where deployment is planned . 
Should the U.S. and its NATO allies 
successfully negotiate a reduction in 
forces with the Warsaw Pact coun­
tries, notes the GAO, this could "im­
pact significantly on the quantities 
of SAM-D fire sections" there. D 
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Broad Product Line: Ferroxcube offers a complete array 
of sizes and shapes of ferrite cores. They're made in 
Saugerties, N. Y. and stocked throughout the U.S.A. 
Toroids for pulse transformers, pot cores or square cores 
for precision filters, transformer cores in all sizes and 
shapes- E, U, I, specials and read-only memory cores 
-you can trust Ferroxcube to provide the optimum core 
for your inductors. 

Unsurpassed Materials Technology: Ferroxcube, the 
acknowledged U.S. leader in ferrite technology, offers 
a wide range of standard materials for your cores . 
Chances are that one of them has exactly the right com­
bination of characteristics for your application. And , you 
can depend on Ferroxcube to deliver the same uniform, 

product characteristics year after year for consistent, 
optimum circuit performance in your designs. 

24-hour Availability: Standard components are avail­
able for 24-hour delivery from any of seven warehouses 
conveniently located in Boston, New York, Saugerties, 
Philadelphia, Chicago, Santa Clara and San Diego. 

If you 're up on the advantages of ferrites, discover the 
added values of dealing with Ferroxcube. Ask for the 
new 1973 catalog . If you're new to ferrites and the design 
possibilities they open up, talk to one of our applications 
engineers. Call 914•246-2811 , TWX 510-247-5410 or 
write Ferroxcube, Saugerties, N.Y. 12477. 

Ferroxcube linear ferrites-made in Saugerties, N. Y. 
and stocked in seven U.S. locations. 

FERROXCUBE CORPORATION, SAUGERTIES, N. Y . 1 2477 
A NORTH AM ERI CAN PHILIPS COMPANY 
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Distributed through North American Philips Electronic Components Corporation with warehouses in Boston . 617•449-1406 ; New York , 516•538-2300 ; 
Saugerties . 914 • 246 -5861 : Philadelphia . 215 •9 2 7-6262 : Chicago , 31 2•593 -8220 : Santa Cla r a . 408•249-1134 ; San Diego , 714 •453-9250 
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Probing the news 

Military electronics 

Navy eyes two Sanguine sites 
Geologically acceptable areas in both Texas and Michigan may be used in plan 

for extremely-low-frequency command system for submarines 

by Ray Connolly, Washington bureau manager 

The Navy is considering the possi- most likely carrier frequency being 
bility of two continental U.S. instal- 45 or 75 Hz." Though Sanguine is 
lations for Project Sanguine, its ex- proposed for use in "pre-, trans-, 
tremely-low-frequency (ELF) and post-attack conditions" carrying 
transmission system designed to or- "high-priority operational mes­
der fleet ballistic-missile submarines sages," officials acknowledge its 
on patrol to launch their weapons principal function would be to de­
following an attack on the United liver missile launch commands to 
States. This was indicated by one American submarines dispersed 
Na val Electronics System Com- around the world after an attack on 
mand official in Washington, who the U.S. 

At the least, such a system must 
be able to "deliver the messages in a 
specified time; survive conventional 
and nuclear attack; survive the 
electromagnetic pulse from low- and 
high-altitude nuclear bursts; be 
resistant to attack on the propaga­
tion path, and resistant to electro­
magnetic attack or jamming. Addi­
tionally, the National Command 
Authority has specified that San-

noted that the command could pro-
ceed with "parallel" development 
awards to two contractors in late 
1974 following completion and eval­
uation of Sanguine design valida-
tion proposals next spring. Contrac­
tors for that first phase include GTE 
Sylvania, RCA, and TRW Systems 
(see p. 38). 

In the event of a decision to pro­
ceed with more than one trans­
mitter, the Navy probably would 
use both sites: its preferred location 
for installation of the Sanguine grid 
atop . the nonconductive rock forma-
tion known as the Llano Uplift 
some 45 miles northwest of Austin, 
Texas, as well as an alternate one in 
the upper Michigan peninsula 
where the bedrock is part of the 
Laurentian shield. Indications are 
that two relatively low-cost installa­
tions would employ slightly differ­
ent technologies to guarantee the 
Sanguine system's security by re­
ducing its vulnerability to attack 
and to electromagnetic jamming. 

Specs. How the Sanguine system 
would work has been detailed in a 
technical overview by Bodo Kruger 
of the Navelex special communi­
cations project office. Kruger's re­
port notes that Sanguine's com-
mand, control, and communications 
mission calls for a system in the ELF 
band of 30 to 100 hertz with "the 
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WHY 
CHOOSE RENTAL 

ELECTRONICS WHEN 
YOU RENT, LEASE, OR 
RENTAL-PURCHASE? 
Because REI is the recognized leader when it comes to supplying you 

the most complete selection of electronic/ scientific test equipment-to 
rent, to lease, or to rental-purchase-at the most attractive costs. 

Now, more than ever, you must expand along with the pace of eco­
nomic and technological development. To avoid the handicap of obso­
lete equipment, to help you maintain a flexible budget, to keep abreast 
of the competition, to assure growth with increased production and 
sales- Rental Electronics offers you the instruments you need, when 
you need them, for as long as you need them. 

REI offers you precisely the right instruments-everything from 
amplifiers to oscilloscopes to synthesizers-with a plan custom-designed 
to meet your specific requirements! 

Our staff of sophisticated financial planners is ready to help you 
choose the rental, lease, or rental-purchase package that best fits your 
situation. 

And your needed equipment is ready for almost instantaneous de­
livery, direct from one of nine strategically-located "Instant Inventory" 
Centers across the U.S. and Canada. 

Every Rental Electronics customer is our very special customer, 
receiving the service he needs under a rental, lease, or rental-purchase 
plan custom-tailored especially for him. The results are increased 
PROFITS for you! 

Ask for our full catalog today! Write or call: 

Rental Electronics, Inc. 
A E;;;!EPSICQ LEASING COMPANY 

99 Hartwell Avenue, P. O. Box 223 
Lexington, Massachusetts 02173 Tel. 617/862-6905 

Gaithersburg, Maryland 301 / 948-0620 I Lexington, Massachusetts 617/ 861-0667 / Anaheim, California 
714/ 879-0561 I Rosemont, Illinois 312/ 671-2464 I Fort Lauderdale , Florida 305 / 771-3500 / Dallas, Texas 
214 / 638-4180 I Oakland, New Jersey 201 / 337-3757 I Ontario, Canada 416/ 677-7513 / Palo Alto, Ca lifornia 
415/ 328-4525 
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Probing the news 

guine have a survivable interface 
with NCA injection links, permitting 
injection of its message into the 
transmitter. 

Though the range of a system op­
erating at 75 Hz is about 2,500 miles, 
practical ELF transmitting antennas 
have relatively low efficiencies-ap­
proximately 10·4-because they are 
electrically short. As low ground 
conductivity is critical, the Navy 
must bury its ELF grid atop a rock 
shelf such as those that exist in 
Texas, Michigan, Wisconsin, and a 
handful of other continental sites 
that have been surveyed. 

Product must be right. Moreover, 
to radiate the required power, the 
system must be sized for the right 
product of the antenna current (am­
peres) and total antenna length (me­
ters). Proposed Sanguine systems 
have a product on the order of 107 

to 108 ampere-meters. 
Proposed Sanguine transmitter 

grids now range from 40 by 40 to 80 
by 80 miles on a side with cables 
buried 6 feet deep. Total amplifier 
output is on the order of 10 mega­
watts, although maintenance of a 
secure system calls for use of more 
than 100 power amplifiers of about 
100 kilowatts each distributed 
throughout the system. 

"Preattack, the amplifiers will be 
fed from commercial 60 Hz power 
systems,'' according to a study made 
by Navelex. "Post-attack, the ampli­
fiers will be fed from emergency 
power supplies that will have the 
same survivability as the ampli­
fiers ." Amplifiers using tubes or 
solid-state devices are both possi­
bilities. 

In terms of signal design, the 
Navy's goals are extremely low er­
ror rates at the lowest possible sig­
nal-to-noise ratio, signal spreading 
over the available antenna band­
width to improve antijamming ca­
pability without increasing power, 
and optimization of the received sig­
nal-to-noise ratio to minimize re­
ceiver bandwidth. 

To meet the first goal, message 
compression and formatting will be 
employed before messages are digit­
ized and coded. Convolutional cod­
ing, the optimum within the state of 
the art, will be used to ensure the 
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Probing the news ware," according to the study by 
Navelex. 

low error rates for Sanguine. As for 
minimizing receiver bandwidth, the 
Navy says it can be obtained by the 
choice of minimum shift keying for 
the transmitter. " MSK is a form of 
angular modulation which gives a 
near-optimum bandwidth and 
which can be implemented in hard-

Because of Sanguine's modest 
data rate, most of the receiver func­
tions can be implemented on a 
small digital computer, typically a 
machine with an access time of 1 
microsecond and a 16-kilobit 
memory. The receiver will use non­
linear signal processing to cut at­
mospheric noise, while coherent 
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Choice of 5 higher oscillator stabilities 
Internal battery pack 

Contact your Scientific Devices office or Concord Instruments Division, 
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demodulation is achieved by means 
of a stable clock. "At extremely low 
frequencies , the stability require­
ments of the clock are modest and 
well within that state of the art," ac­
cording to the Navy. 

To get what have been called 
"Sanguine's doomsday signals" into 
a submerged missile-carrying sub­
marine's receiver, the Navy is con­
templating long-trailing wire an­
tennas to overcome the galvanic 
electromagnetic noise field gener­
ated by the boat itself. 

Since the Sanguine transmitting 
system will be "more than 10 times 
as expensive as all the planned or 
potential receivers for the U.S . 
forces ," the Navy points out that 
economy dictates that the signal's 
depth capability be achieved "by 
low-noise antenna design, rather 
than by oversizing the transmitter." 

"The most successful design is the 
trailing E-field antenna," according 
to Navelex. Trailed behind the 
boat's noise field, it is bidirectional 
and consists of two electrodes which 
sense the E-field in the water. The 
antenna is terminated by a tail 
which damps out vibrations of the 
last electrode. 

However, if the null of the an­
tenna's figure-eight pattern is 
pointed toward the transmitter, no 
signal will be received. 

Together. Another possibility is 
the use of a combined E-field and 
H-field antenna, since the H-field 
antenna, with its long helical sensor 
winding, produces a bidirectional 
figure-eight pattern that is perpen­
dicular to that of the E-field an­
tenna. If the two antenna systems 
are combined with suitable phasing 
into a single unit, an omnidirec­
tional pattern can be achieved. 

What pleases the Navy about 
Sanguine is that it " cannot be 
jammed completely. Only the mes­
sage delivery time can be increased 
at a very high cost to the enemy." 
Not only would a jammer require 
several times the radiated power of 
the Sanguine transmitter before it 
could significantly increase message 
delivery time, but two jammers 
would be required to affect all oper­
ational areas. 

Should the Navy proceed with its 
plan for two Sanguine transmitters, 
the odds against jamming become 
insurmountable. D 
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'73 OCTOBER 1-7 OSAKA ____ _ 

JAPAN ELECTRONICS SHOW 

VDU JUST 
C!\N1T 
AFFCRDTC 
MISS! 
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It is our pleasure to inform you of the 1973 Japan Electronics 
Show which will be held from October 1 through 7, 1973, at Osaka 
International Trade Fair Grounds. 

It will be our 12th show, and we are proud that the scope of t he 
exhibition has been constant ly en larged. The numbers of partici­
pating exhibitors and visitors have been on the increase each year. 

Japan Electronics Show has an increasingly important role as a 
venue to exchange technical information on an international sca le, 
to promote the world trade and to enhance the understanding 

among the general public of the achievements in the world's elec­
tronics industry. 

For details of the '73JES (12th), please write to: 

JAPAN ELECTRONICS SHOW ASSOCIATION 
(Show management for the Electronic Industries Association of Japan) 
2-2. Marunouchi 3-chorne. Chiyoda-ku, Tokyo, Japan 
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Plamec Switch ~as made minia­
ture, ultra-thin mechanical parts, 
th major eleme~t in making sets 
co'1ipact, a reality. This Plamec 
Swjtch which ha{ made low price 
and high reliabi'lity possible by 
mi?iature, ultra thin .design as 
compared to conventional key­
board switches, is active in elec­
tronics and a wide range of other 
fiefds. 

0-~ 
~&x' 

Ultra-thin type 
exhaustively pursued! 

CHARACTERISTIC 
•Rated capacity: Df:30V 20mA •ON 
loak 35g ±20g •Contact resistance: 
1 n or less (incll!ding lead pattern) • 
Cha. ttering: 1m sec.fr less •Insulation 
resistance : DC25V OOMO or greater 
•Dielectric streng : AC100V for 1 
minute •Life : 1,000,000 operations 
or ~reater •Key pitch: 11mm-eacb 
type •Operating temperature range: 
-10°-+60°C •Storage.temperature: 
-20°-+70°C •Key stroke: 1.5, 2.5, 
Jmm each type. 

CONTROL-precise 
SIZE-fits 

SUPPLY-fast 
PRICE-fine 

Miniature 
Relay Type 
MPM-100 

• Available for various voltages AC & DC. 
• Both 4PDT and DPOT contact switching 

requiring minimum driving power is 
available. 

• Highly economical. 
• Incorporates anti insulation fatigue de­

vice which prevents short-circuits. 
•Uses UL-approved resin bobbin. 

Digital Line Printer LP-108 

,. ~~· 
• Compact size with simplified mechanism. 
•Up to 18 columns. 
• 14 characters per column. 
•High reliability. 
• Red/black printing. 
•Print rate of 2.5 to 3.0 lines/sec. 
•Low cost 

Miniature 
Motor Timer 
Type UT-500 

• Smart surface 
design. Plug-in 
type terminal. 

•Economical due to simplified pointerless 
mechanism. 

•Available in a variety of types ranging 
from 10 seconds to 24 hours, surface­
mounted or flush-mounted. 

Whichever way you take the measure of 
TEC control instruments you're getting top 
value. They work longer; give you more 
reliable performance for your money. 

Ito~ I TOKYO ELECTRIC CO . .LTD. 
14-10, 1-chome, Uchi-Kanda, Chiyoda-ku, 

Tokyo, Japan 
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HIGH RELIABILITY INSTRUMENTS 
MEGURO OENPA SOKKI K. K. 
NO.i5, 1, 2-cHOME, CHUO-CHO, MEGURO-KU, TOKYO, JAPAN 
TE r: TOKYO t715l 121l CABLES:' MEGURODENPA TOKYO 

MEGURO 
CHALLENGES 

liHE NEW WORLD 
OF SOUND 

-4 CHANNEL­
WITH NEW 

MEASURING 
, NSTRUMENTS 

Test Record Unnecessary 
CD-4 System Record 

Signal Generator 

The MSG-321, the industrial world's only pracfcal 
CD~.4 system record signal generator, generates a 
composite signal corresponding to the components 
of one side of the record. 
Its superb capabilities are especially displayed w en 
use~ as the noise source., instead of a test record 
in the measurement of the separation, distortion, 
SIN, etc. of discrete 4-channel demodulators.. It 
also has all the performances and functions re­
quited by production lines, inspection proce 
and in research and developement. 
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Strong. Light. Extremely stiff. Stable. Anticorrosive. Titanium - the ideal material for tweeter diaphragms. 
So why hasn't it been done on a large scale before? Titanium is one of the toughest metals to shape to the needed 
forms. A typical problem for National Panasonic to solve. 

~-:~i1inr• 
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Polar Field Graph 

EAS-25HH22NA 
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Model EAS-9HH42NA 
High efficiency horn tweeter machined from solid aluminum block 
Again, the extra stability and hardness of a titanium diaphragm for greater 
sound clarity, higher durability. Heavy body machined from a solid block of 
aluminum to prevent resonances. Special cone-shaped equalizer flattens 
frequency response. Ideal for high-power 3-way systems. 
Max. power input 50W 
Frequency range 2,000Hz - 25kHz 
Sound pressure level 107d8/W (at 3 feet distance, on axis) 

Model EAS-18KH01 SOOHz - 40kHz wide band dome tweeter 
Ideal for high-grade 2-way systems. Frequency response in the supersonic 
range, although inaudible, guarantees truthful reproduction in the audible 
spectrum. Small titanium dome and special baffle curvature give extremely 
wide dispersion angle, further improved by fin diffuser. 
Extra heavy magnetic structure for high efficiency. 
Max. power input 40W 
Frequency range 500Hz- 40kHz 
Sound pressure level 94dB/W (at 3 feet distance, on axis) 

Model EAS-25HH22NA Wide band horn tweeter with sectoral horn 
Covers 1,000Hz- 25kHz spectrum. Ideal for 2-way or 3-way systems where 
wide dispersion angle and high efficiency are called for. Titanium 
diaphragm and heavy magnet structure give high efficiency over wide 
frequency range, excellent transients. 
Max. power input 40W 
Frequency range 1 ,OOOHz - 25kHz 
Sound pressure level 104d8/W (at 3 feet distance, on axis) 

ll National/Panasonic Matsushita Electr ic Industrial Co .• Ltd. ElecJronic Components Group. Kadoma, Osaka, Japan 
Export Division: Matsush ita Electric Trading Co., ltd . P.0 .Box 288, Osaka Central. Japan 
Overseas Sales Offices: Matsushita Electric Corporation of America, Industrial Divi sion 

just slightly ahead of our time 

National and Panasonic are the brandnames of Matsush ita Electric 
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Pan-Am building, 200 Park Avenue, New York, N.Y. 10017, U.S.A. 
Matsushita Electric Sates (Europe) G.m.b.H. 2 Hamburg 36, 
Jungfernstief 40, F.R. Germany 
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The HS-2005 
• . . . a wire memory 

offering speed, capacity, 
cost and reliability 

of ample proportions. 
This is our latest wire memory. 
It gives you access time of 180 
ns and cycle time of 250 ns. 
Memory elements, of course, 
consist of our own special de­
velopment, magnetic wires. 
Non-destructive read-out is fea­
tured. H5-2005 means maximum 
reliability at minimum cost. In 
fact, you get a 65 kilo-byte as­
sembly with an MTBF figure of 
10,000 hours. H5-2005 is a com­
ponent precisely matched to 
computers of the new age. 

Wire Memory System HS-200S 
Specifications 
1. Memory elements Non-destruc­
tive read-out 
2. Storage capacity 8 kwords/80 
bits, 16 kwords/40 bits, 32 kwords/ 
20 bits 
3. Access time 180 nanoseconds 
4. Cycle time Write-in Read-out 
250 nanoseconds 
5. Interface levels TTL logic .. . H 
+ 2.4 - + 5V L -0.5 - + 0.5V 
6. Dimensions 500 x 300 x 112mm 
(Basic unit capacity is 65 Kbytes. 
Expansion to one megabyte is pos­
sible.) 
7. Required power + 30V, + 15V, 
+5V, - 15V 

Please contact our sa les department if you have speci al requirements. 
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r !]" ~ :!:~e~1~:o~e~a~~kigaya , Ohta-ku , Tokyo, Japan I ~.,... New York : Toko New York Inc. 
350 Fifth Aven ue , New York , N.Y. 10001 U.S.A. Tel : 565-3767 

Los Angeles : Toko, Inc. Los Angeles liilison Office 
3440 Wilsh i re Blvd ., Tishman Building, Suite 1106 Los Angeles, 
Calif. 90010, U.S.A. Tel : 380·0417 

Diisseldorf: Toko Electronik G.m .b.H . 
4 °Diisseldorf, lakronstrasse 77, W . Germany Tel : 0211-284211 
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NIBCOLLOY is a Co-Fe-Nb 
semihard magnetic alloy com· 
posed of 85% cobalt, 12% iron 
and 3% niobium. It boasts the 
following features. 

•A minimal change in mag· 
netic properties with heating 
of high temperatures and no 
change in magnetization with 
glass sea ling. 

•An almost l inear thermal ex· 
pansion ( 12.3 x 1 Cf6 / ° C) in 
the case of annealing, making 
glass sea ling possible with no 
residual strain in the glass. 

•A very smal I magnetostriction 
constant of 2 x 1 Cf6

. 

Tokin recently obtained the neces­
sary franchise from Fujitsu Limited, 
and the mass production of NIB· 
COLLOY is now in full swing. 

For further details on NI BCOLLOY, 
please contact: 
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s. s. HOPE, M.D. 
Doctor .. . teacher ... friend to 
millions on four continents­
this floating hospital is a 
symbol of America's concern 
for the world 's disadvantaged. 

Keep HOPE sailing. 

PROJECT 

IPl•I 
Dept. A, Washington, D.C. 20007 
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Fla:me Pr"'ll 

OTHER PRODUCTS : 

FI XED COMPOSIT ION RES ISTORS 
TRIMMER RES ISTORS 
SPARK PLUG SUPPRESSORS 
GENERATOR CONDENSERS 

0 c;?J;l0\"7.@DENkl 
U L.;J U I co .. ao. 

225-3. 7-cho, Nakamachi, Oh tori, Sakai City , 
Japan 593 Phone: 0722 (62) 8281 

Presenting 
in your 
corner: 

Circle 87 on reader service card 

THE 
ELECTRONICS 

BOXER! 
Why mess around when you 
can have the ELECTRONICS 
BOXER clean up your 
copies-keep them in top 
condition. 

And, it's easy and 
inexpensive to keep the 
ELECTRONICS BOXER in 
your corner. Just complete 
the coupon and mail. Your 
order will be processed 
immediately, postpaid. 

·--------------------, I ELECTRONICS BOXER I 
I Jesse Jones Box Corporation I 
I 2250 E. Butler St., Philadelphia, Pa. 19137 I 
I Please send me: D boxes @ $4.25 each ; I 
I D 3 boxes @ $12.00; D 6 boxes @ $22.00 I I My check or money order is enclosed. I 
I Name I 
I Address I 
I City State Zip I 
L--------------------~ 
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Mark Ill. 
It's more 
sophisticated 
than the 
Monomatic/7. 
When it comes to p.c. drilling systems, 
nobody can compete with Excel/on . 

So we've decided to compete with 
ourselves. Our Mark Ill against our 
Monomatic/7. 

Which is best for you? Judge for yourself. 
The Mark Ill is the most advanced p.c. 

drilling system in the industry today, 
designed to give you the highest production 
rates possible for the lowest hole costs 
possible. 

It's directed by a General Automation 
SPC-12/15 Stored Program Control. The 
SPC-12/15, with 16K memory, handles 
a variety of code formats , and is plug 
compatible with central computers. It offers 
step and repeat, repeat pattern , stored 

vs. 
Monomatic/7. 
It's more versatile 
than the Mark Ill. 

If your application calls for medium 
to high production, the Monomatic/7 is 
best for you . 

It's designed to be economical for short 
runs and high ly profitable for long runs . 

And it's designed to grow with your 
growing production needs. 

The NC-controlled Monomatic/7 
accommodates from one to seven spindles . 
You can start out with one or two, using 
the standard work table. Then 

1 Spindle, 

pattern (16 and 14 pin dual in-line, 8 pin 
L package). automatic table offsets, mirror 
image and automatic rewind. 

Table travel speed of the Mark Ill is 
400 ipm on each axis. A computer-driven , 

The General Automation SPC-12/15 

air-bearing spindle motors. 
Of course, it's a little less sophisticated 

than the Mark Ill. But then it's a little 
less expensive, too. 

2 Spindles, 3 Spindles 
you can add more spindles and 
an extension table that increases 
the work dimensions to 3 
stacks of 12%"x25%" panels. 

1 Stack 25 .5" x 25.5" 2 Stacks 12.75" x 25.5" + Extension Table , 

Like the Mark Ill, the 
Monomatic/7 can be equipped 

0 0 0 

3 Stacks 12.75" x 25.5" 

with optional 80,000 rpm • Active Spindle • Inactive or Vacant 
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high torque, low-inertia servo motor 
provides instant acceleration for unmatched 
production . 

The Mark Ill can produce drill hit rates 
of 200 per minute. And we're talking 
about quality holes at .25-inch movement 
and .002 chip load. 

AC, variable-frequency, air-bearing 
spindle motors reach 80,000 rpm. And 
spindle feed rates range from 20 to 250 ipm. 

If your application calls for high quality, 
high production rates and high utilization, 
the Mark Ill is best for you . 

For a competitive costs analysis of the 
Monomatic/7 and Mark Ill, and complete 
specifications, call Dick Hogan, Sales 
Manager, at (213) 325-8000. 
Or write him at the address below. 

i'.:='• ~~!?!~!,9.fl 
1:~» ~~9Lll!OORA:i:l~OARANCE, 

Pnon•: (2131 325-8000 
Telex 674562-C•ble · EXCELLON Tor1•nce 

Excellon Sales and Service in ENGLAND• FRANCE• SCANDINAVIA 
• W. GERMANY• SPAIN •HOLLAND• ITALY• ARGENTINA• ISRAEL 
•AUSTRALIA• HONG KONG •TAIWAN • JAPAN 
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Choose from 23 CTS Space Saver Cermet 
Resistor Networks to Increase Circuit Density .. ; 
At Economical Prices 

You'll like how much they can save you, 
and your circuit. Less space ... fewer 
components .. . greater system reliability 
. .. quicker, easier installation .. . reduced 
handling costs ... and faster inspection. 
Consolidate up to 13 discrete resistors 
into one compact in-line Saver Pac 
resistor module. 
CTS can do it easily with an expanded 
line of 23 modules .. . available in .100", 
.125", or .150" lead centers . . . including 
NEW 10 and 12-pin .125" and low profile 
8-pin .100" designs. High power 
capabil it ies to 4.3 watts @ 70°C per 
module. 
CTS 750 series cermet thick-film resistors 
assure proven performance-ultra high 
stability and reliability-backed by over 
700,000,000 hours of test data. Hand 
install or use automatic assembly 
equipment ... they' re designed for either. 
Pick a CTS SAVER PAC resistor network 
today. Large or small orders welcome. 
CTS of Berne, Inc., Berne, Indiana 46711 . 
Phone: (219) 589-3111 . 

A world leader in cermet and variable resistor technology. 
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Before you buy a minicomputer, do 
yourself a favor. Make a very fundamen­
tal decision. Do you want the cheapest 
machine you can find or the cheapest 
total solution to your problem? 

We think it's the latter. 
Because the cheapest machine is just 

that. It's raw hardware at a rock bottom 
price. And virtually every minicomputer 
supplier offers a product like this. 
Including us. 

But your goal should be to get the 
lowest cost total solution for your prob­
lems. And paying less now could cost 
you more later if the machine you buy 
has been designed for rock bottom price 
alone. Be careful.You should look 
beyond raw iron. You need a computer 
package that saves you money at both 
ends. One that's been designed with the 
total solution in mind. A powerful 
blend of hardware, systems software, 
and extensive peripherals. 

You also should look for a supplier 
that has built his business on fulfilling 
this need. That's us. 

The worlds most powerful mini. 
We've developed the most effective 

minicomputer package you can buy: the 
SPC-16. Six different models to choose 
from and the most powerful instruction 
set available anywhere. 

The SPC-16 does more things in 
less time with less memory. That's why it 
can actually save you money on your 
total system. 

And we've recently enhanced the 

8K memory board, heavy duty process 
I/O boards, AID and D/ A converters 
and digital I/O boards. 

And completely new asynchronous 
communications multiplexer system. 

Here's another reason for choosing us: 

We've already had our tryouts. 
Today all the big mini manufacturers 

are announcing that they're "in the sys­
tems business~' 

We've been in it from the start. 
And while everybody else was churn­

ing out iron, we were b~ilding systems 
and piling up applications know-how. 

We got involved with our customers' 
problems. We listened and we learned. 
Then we rolled up our sleeves and went 
to work. 

As a result our people don't have to be 
retrained for this new approach because 
it isn't new at all. Not to us. 

Over the years we've supplied sys­
tems to solve some very tough problems 
in the automotive industry, in production 
machine control, in electrical testing and 
communications. And this experience 
has built a fund of systems expertise no 
mini manufacturer can match. 

There's a good chance we already 
have a system that fits your needs. If not, 
we have the know-how to design it for 
you. Or with you. 

In fact, we can probably utilize our 
experience to solve your system problem 
faster than others can deliver a bid. 

Read all about it. 
capability of our SPC-16 family with a If you're determined to reduce systems 
number of new products including: cost, we have a book for you. It's titled 

Multi-user BASIC, and the real-time, "The Value of Power.' It covers every-
multi-programming capability of ~ thing you'll need to know to make the 
our RTOS-16 operating . • . ~-~ . right decisions, for the right 
system. And our new -~ __ .. reas~ns, to end up with 
extended FORTRAN IV. ~ the nght system for your 

New peripherals like a low -~ specific needs. It's free. 
speed line printer, head per track disk Write for a copy.The address 
and a floppy disk. is 1055 South East Street, Anaheim, 

High speed floating point processor, California 92804. Or phone ( 714) 778-4800. 

General Automatiori 
Electronics/ July 19, 1973 Circle 91 on reader service card 91 



We've got designs 
on the analog CMOS market. 

They begin here. 
With CMOS switches and 
multiplexers that have an ultra­

below 300 ohms, and 
leakage currents of only 
lOOpA (typical). They'll 

low standby power dissipation of Analog quad switches. 
do anything from analog 
data multiplexing to digital 

CMOS multiplexing. AD7501 
and AD7502. Priced 

only 30µW (max) at+ l 5V. And 
they're TIL, DTL, and CMOS com­
patible. So you get maximum flexi­
bi lity in your logic design without sac-

Analog multiplexers. 
30µW. 

rificing the benefits of low-power CMOS. Each 
comes in a 16-pin DIP and will operate in the 
military and commercial temperature ranges. 

First there's the AD7510 quad switch. It's got 
four independent analog switches with ON resist­
ance of 70 ohms, and leakage currents of 200pA. 
So it's ideal for sample and hold circuits, 0/A 
converters and numerous other switching func­
tions. AD7510. Priced from $13.00/1-49 units. 

Then there's the AD7501. And the AD7502. 
Simple eight channel and differential four chan­
nel multiplexers respectively. And they deserve 
that respect-with an ON resistance guaranteed 

from $28.00/1-49 units. 
We can send you samples and data sheets. 

Or, if you have a special linear circuit design 
that could use a CMOS solution, just give us a call. 

And there's more to come. 
We design, makeand sell more analog circuits 

than anyone else: modular and IC. Analog CMOS 
is just a logical extension of this experience. And 
in the future we'll show you imaginative uses for 
analog CMOS, as well as FET and bipolar tech­
nology, to give you the special and often unique 
performance you 're looking for. At the price you're 
looking for. 

Analog Devices, Inc., Norwood, Mass. 02062 

r.ANALOG a... DEVICES 

Call 617-329-4700 
for everything you need to know about analog CMOS. 
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Technical articles __________ _ 

Robots handling more jobs 
on industrial assembly lines 
Although the market optimism of the 1960s has proved premature , 
increasing numbers of manufacturers throughout the world are building 
automatic manipulators to handle boring and dangerous factory tasks 

by Alfred Rosenblatt , Industrial Editor 

D Set against the lofty sales peaks predicted in the mid-
1960s by their developers, the industrial robot can be 
rated a disappointment. But while sales have lagged, 
the field has been extremely active, and the number of 
companies producing programable materials handlers 
has dramatically increased. Designs have been modified 
as technology- primarily electronics technology- has 
advanced. And the minicomputer, with its promise of 
controlling groups of robots from a central point, has 
arrived on the scene as it has in so many other indus­
trial areas. 

But perhaps most important, the robot, little more 
than a pivoted arm with a hand-like gripper at one end, 
has been applied to an ever greater variety of tasks and 
machines. Early applications in relieving human 
operators from dull and even dangerous tasks associ­
ated with such things as die casting and forging ma­
chines have been expanded to include painting, weld­
ing, processing dangerous explosives, handling glass 
and ceramics, palletizing bricks, and loading and unload­
ing machine tools. Furthermore, the tireless robot in­
creases productivity. 

As for the market, sales of robots in 1972 are esti­
mated by Joseph F . Engelberger, president of Unima­
tion, Inc., to have been in the range of $12 million to 
$15 million and growing at a yearly rate as high as 35%. 
In the main, however, manufacturers are no longer will­
ing to go out on a limb with glorious sales predictions as 
they did after robots were first introduced. Six years 
ago, for instance, Engelberger was looking forward to 
5,000 robots in use by 1972 [Electronics, March 20, 
1967, p. 165). And then president of AMF Versatran, 
Samuel Z. Shoshan, was predicting 50,000 of the me­
chanical helpmates by 1980. 

"Any number I give would be wrong," laughingly de­
clares E.J. Van Horne, general manager of the AMF Ver­
satran division, Warren, Mich. "It's certainly a growing 
market now, and the most significant thing is we're get­
ting third and fourth orders from the same customer." 

Electronic content lags 

The use of electronics in robots has varied throughout 
the world , but the systems generally rely on components 
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no more sophisticated than potentiometers, programing of 2,000-ton stamping press, a hazardous job for a human operator. 
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panels, and relays. But robots controlled by IIllm­
computers are under development by manufacturers in 
the U.S., Sweden, England, and Japan. And in the re­
search laboratories, robots with sophisticated sensors 
and guidance equipment are being developed. 

For equipment going to the field, electronics costs 
could be coming down. Unimation's Engelberger says 
that 12 years ago, the electronic portion of his Unimate 
robot represented 75% of the total cost; today it's down 
to 35%. And he says, "I believe that the way costs are 
going, compared to the cost of the mechanical structure, 
I'll soon almost be able to give away the electronic con­
trols." 

Extensive use of robots in manufacturing has been 
virtually mandated by new Federal safety regulations 
under the 1970 Occupational Safety and Health Act 
(OSHA) , which takes effect in 1974. Instead of human 
operators, robots will have to do such jobs as loading 
punch and stamping presses-tasks in which a human 
operator runs the high risk of losing a limb. 

Both industry and labor around the world seem to be 
welcoming the advent of the robots, and endorsements 
by industrial leaders are bound to stimulate sales to 
come. For example, officials of General Motors Corp., 
probably the largest user, are pleased with the results. 
At one installation-the Lordstown, Ohio, assembly di­
vision-GM is using 26 Unimates from Unimation to put 
about 390 spot welds into its Vega automobile. And 
Ford Motor Co. has a similar type of Unimate­
equipped welding line just now going on-stream for 
autos and small trucks. In Europe, Fiat and Daimler­
Benz are also using robot-equipped assembly lines. Ac­
tually, the automotive field and its broad base of sup­
pliers probably has more robots in operation in its pro­
duction facilities than any other industry. 

Labor is receptive 

As for U.S. labor, the United Auto Workers welcomes 
the robots, so long as the men that they displace are 
guaranteed jobs elsewhere. Union officials realize that 
members will profit from increases in productivity. Ro­
bots have been well accepted by workers in Europe, as 
well. In Sweden, especially, unions and workers have 
long been receptive to automation because the govern­
ment steers displaced workers to new jobs that are 
opened up by advancing technology. Manufacturers 
have difficulty finding workers for monotonous, boring 
jobs, and wages in Sweden are the highest in Europe. 

In Japan, long noted for cheap labor, that labor is no 
longer so cheap. Revaluations of the dollar and large 
pay increases during the past few years have taken care 
of that. In addition, there is an increasing reluctance on 
the part of most workers to remain at jobs in uncomfort­
able surroundings where the environment is hot, dusty, 
or otherwise unpleasant or dangerous. This is true, of 
course, not only in Japan, but in other countries as well. 

Altogether, more than 140 companies are said to be 
building some 180 models of robots throughout the 
world, an amazingly large figure, in view of the rela­
tively small number being applied. Incidentally, many 
companies now selling robots built them initially to 
automate their own production lines. Most of the com­
panies in the field-as many as 100-are in Japan, with 
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What's in a robot? 
Far from being a mechanical man-a " Robbie the Robot " 
with quasi-human qualities-an industrial robot is actually 
little more than a mobile arm, attached to a chunky box 
and ending in some kind of grip. In fact, says E. J . Van 
Horne, general manager of the AMF Versatran division , 
Warren , Mich ., "A robot is what your kids watch on 'Lost 
in Space ' on television-the devices we build are so 
much simpler that we prefer the term 'programable mani­
pulator .' " 

Under either name, the devices may look like anything 
from a Sherman tank turret (Unimation Inc . 's Unimate) to 
an assembly of telescoping pipes (the Autoplace robot) . 
The manipulators are designed to do simple , repetitive 
tasks, often in circumstances that would endanger or kill 
human operators. For instance , they may handle parts 
that are red-hot or icy cold , in poisonous , corrosive, or 
dusty atmospheres , or they may operate in conjunction 
with other machines, such as a punch press or stamping 
mill , that could injure a careless operator. 

Like numerically controlled machine tools , industrial 
robots may operate either point to point or follow contin ­
uous paths. A point-to-point robot will move a part in the 
most direct path from one product ion point to the next­
perhaps transferring a finished part from a die-casting 
machine to a moving conveyor belt. Its positioning ac­
curacy can be as fine as a couple of mils . A continuous­
path robot must , on the other hand, follow a specific con­
tour because it performs its task as it moves-perhaps 
spraying enamel on bathroom products. 

Most robots are capable of interacting with and even 
controlling the machines with which they operate . For ex­
ample , a stamping machine may ·signal the robot that it 
has stamped out a part . This signal prompts the robot to 
remove the part and , in turn , signal the machine to stamp 
out the next part . Then it places the stamped part at the 
next work point and signals the machine there to start its 
operating cycle . A single robot , if it 's large and sophis­
ticated enough , may even be programed to reach in and 
serve two or three and possibly more tools. 

The hand at the end of the robot's arm consists of fin­
ger-like clamping devices for holding onto parts and as-

In motion. Versatran manipulator, its protective housing re­
moved, models the motion axes typical of industrial robots. 
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semblies. It may incorporate single or double sets of fin­
gers , or may have vacuum or magnetic pickups for 
handling flat sheets of glass or metal. Often , the robot is 
designed so that different hands may be attached for dif­
ferent applications . And this can even be done auto­
matically rather than by a human operator. 

The robot manipulators possess varying degrees of 
freedom , depending upon their design . A robot arm may 
be able to move vertically and horizontally or to rotate its 
hand , or grip. The hand itself, besides opening and clos­
ing, will rotate , yaw , and pitch as if it had a wrist . In addi­
tion , some robots, like Versatran , have still another axis 
of motion-mounted on tracks, instead of on a fixed base, 
they can position themselves at points along the tracks. 
The result is that robots move in as few as two axes or as 
many as five or six and, depending upon how the manu­
facturer defines them , even eight . 

The control part of the robot system consists of at least 
three basic elements-an actuating source of energy , 
some kind of memory, and a programer that sets the 
proper sequences . 

The actuator moves the arm from place to place . It may 
be pneumatic , as in the Auto-Place robot , which makes 
use of the high-pressure air found in many machine 
shops. If electro-hydraulic , as in the Uni mate and Versa­
tran robots , it is capable of more power than a pneumatic 
system and , because it is "stiffer" and can be under 
servo control , it has generally greater repeatable accu­
racies . Finally, some of the newer robots such as the 
minicomputer-controlled robot developed by Sundstrand 
Corp., use electric motors with gearing to reduce the mo­
tor speed and increase torque (an all-electric design , 
though slower , is said to require Jess maintenance be­
cause it has no hydraulic or pneumatic valves and pro-
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duces less noise and smoother movements with less 
overshoot than the others) . 

In moving to a position the robot arm may be under 
open-loop or, in the more sophisticated units, closed­
loop servo control . 

To keep track of the positions to wh ich the arm must 
move, the robot also must have some sort of memory-a 
rotating magnetic drum , the plated-wire memory of the 
Unimate , potentiometers, as in the Versatran or Liberator 
machines , or the MOS shift registers of a new control sys­
tem from Sweden 's Retab. In addition , there are the solid­
state memories associated with minicomputers used in 
Sundstrand Corp. 's robot , or the minicomputer-directed 
machine built around a Unimate by Japan 's Kawasaki 
Corp. 

Also to be counted under the memory classification are 
the simple limit switches and preset mechanical stops of 
most of the lower-priced robots . The robot merely moves 
in a direction until it clanks up against a mechanical stop, 
whereupon actuating power is turned off . 

Finally , there is a programing section that directs the 
robot through its sequence of motions and the functions 
that are to be performed at each stop. In a minicomputer­
directed system this , together with memory, is handled in 
the mini . In the Unimate, solid-state logic reads informa­
tion off the plated-wire memory . In the Versatran and 
many other robots , pins stuck into an electronic patch or 
matrix board, which is then interfaced with relay or IC 
logic, fix the sequence of operations 

Actually , there is no shortage of suitable electronics (or 
electrical) hardware to function as amplifiers, memory , 
comparators , relays , analog-to- digital co nverters, 
encoders , and so on , in robots . The only problem is to 
make reasonably economic choices. 

Variety. Types of robots run gamut from 
Sundstrand minicomputer-controlled unit 
(below), still in development, to the pneu­
matically actuated and controlled Auto­
Place (below left) that uses hardly any 
electronics at all. But their touch can be 

as gentle as that required to lift a glass 
lamp cover. 



Cluster. Spot-welding on General Motors' Chevrolet Vega line is handled by 26 Unimates, probably the largest single robot installation in the 
world. Reliability of the mechanical welders is as good " as any form of automation equipment," says a GM spokesman. 
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about 20 each in the United States and Europe. ' 
Worldwide, some 2,600 robots, many simple 1and un­

sophisticated, are now operating-1,500 in Japah, 800 in 
the United States, and 300 in Europe, estimates Xavier 
B. Ghali, president of Robotronics & Technics ~td., a 
consultant firm in Aarau, Switzerland. 

In Europe, Scandinavia leads in robot manufacture 
and applications, but a large portion of, the installed 
units are of American design. Elsewhere, robots are be­
ginning to appear on production lines throughout West­
ern Europe and even in the Eastern Bloc. 

Prompted by both the needs of its industr_)'1 and the 
stated goal of its government, Japan devotes more effort 
than any other country to the development 'of robot 
technology. And even the Japanese Diet has gone on 
record as desiring that the total domestic robot market 
grow by 1977 to $384 million, up from an effort valued 
at $27 million in 1972 and $38 million this year. If these 
government figures are valid, they dwarf the market es­
timates of the rest of the world. 

In Japan, a declared government objective earl be a 
substantial incentive indeed. But it is through industry 
working on its own, rather than by substa!Il.tial govern­
ment grants, that the Japanese hope to meet their goals. 
Three years ago, the Japan Industrial Robot Associ­
ation was formed, and it now has 44 members, who 
read like a "Who's Who" of the nation's industrial 
might. A similar group in the United States is now 
being formed. 

Interest is high 

At present, interest in the fabrication arid application 
of robots has never been greater. No longer are robots 
being promoted alone by such technological innovators 
as Unimation Inc. , Danbury, Conn., and AMF Versa­
tran. These two companies, virtually unknown at the 
time, first introduced sophisticated programable robots 
in the early 1960s and tried to sell them to skeptical in­
dustries . 

Now, builders of factory-production-line machines 
are also investigating the feasibility of bringing their 
own robots to market. Among them are such machine­
tool builders as Cincinnati Milacron Inc., which designs 
numerical-control equipment, as well. 
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A Cincinnati Milacron spokesman would not deny 
the rumors nor would he comment regarding the com­
pany's plans. But Richard Phelan of the market re­
search firm of Theta Technology Corp., Wethersfield, 
Conn., points out that robots could easily tend the large 
machining centers that operate with frequent tool 
changes. The numerically controlled automatic chang­
ing gear being used is bulky and expensive, Phelan con­
tinues, and an agile industrial robot could easily handle 
the changing chores, as well as do other work requiring 
human operators. Thus, the robot might handle raw 
stock, palletize finished parts, and even clean the jigs 
and sweep up shavings. Reprograming the robot might 
also be an easier task than modifying the control pro­
gram of the machining center, Phelan adds. 

Also interested in robots is computer-industry giant 
IBM Corp., Armonk, N.Y., which introduced a program­
able manipulating device a year or so ago but has with­
drawn it from the market. However, IBM is reported to 
be still working with robots, probably next-generation 
units having tactile or visual capability. 

Still another manufacturer that's developed its own 
robot is USM Corp.'s Industrial Machinery group, 
Beverly, Mass ., a producer of component-insertion ma­
chines for the electronics industry and automation gear 
for the apparel field. The company's new "small-parts 
manipulator." which is still being tested, will be a sepa­
rate product line, says director of marketing Edward V. 
Manning. However, eventually the robot might be ap­
plied to tending the component-insertion gear. The en­
try into the robot field of such giant enterprises as USM. 

which last year grossed $527 million, IBM , and Cincin­
nati Milacron is likely to have a heavy impact on the in­
dustry. 

Robots differ greatly 

As with most products, industrial robots run th( 
gamut from simple and low-priced to sophisticated anc 
expensive. They may have anywhere from two to si) 
axes of motion, or more, depending on how they're de· 
fined. The simple ones are pick-and-place devices, lim 
ited in the amount of weight they can lift and the num 
bers of steps they can be programed to perform. Som( 
have, in fact, been around for decades. 
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Service. Versatran moves from die caster 

(left) to trimmer (right). 

New way. Robotics lnc .' s programable ShapeMaker may make feasible a new production 
technique for laying down automobile gaskets in liquid or paste form. 

"The cost of building equipment to orient the part of­
ten exceeds the cost of the robot, so the human feeds the 
robot which feeds the press or whatever equipment it 
operates with," points out research engineer D.W. Han­
ify of Illinois Institute of Technology Research Institute, 
Chicago. Prices may run as low as $3,200 for a pneu­
matically actuated and controlled Auto-Place mani­
pulator from Auto-Place Corp. , Troy, Mich., to a more 
complex $10,000-plus Syncro-Trans from Syncro-Trans 
Corp., Warren, Mich. 

"Greater flexibility" describes how the so-called so­
phisticated robots differ from their simpler cousins. The 
sophisticates perform a much greater variety of tasks 
because they can be programed to stop repetitively at 
one or two orders of magnitude in excess of the 20 or 30 
points the simple robots handle. They're also relatively 
easy to program by a "teach" mode in which the robot 
is first moved by an operator through its paces. Posi­
tions and functions are stored in a memory, which, in 
tum, is used to put the robot through its sequences. 

These robots are also more sophisticated tech­
nologically, employing such devices as closed servo 
loop, rather than open loop, control of arm and hand 
actions, analog and digital memories, and mini­
computers. They also generally lift more weight than 
the simpler units, and they cost more. 

For example, the Versatran from AMF can lift up to 
150 pounds, and it ranges upward in price from 
$14,000. The Unimate from Unimation comes in the 
150-pound series 2000, which begins at $18,000, and the 
300-pound series 4000, which may have a total system 
cost of $45,000. The gear required to interface the robot 
with the equipment it serves, as well as special tooling 
for the arm and hand, help bring the price up. Also in 
the higher-price class- upwards of $25,000-are robots 
that move in a continuously ·controlled, rather than 
point-to-point, paths. Both of these types of motion are, 
of course, analogous to the movements possible with 
numerically controlled machine tools. 

It is notable that today's industrial robots doing use­
ful work on the production line do not have any sort of 
visual or tactile senses. Al though these "next-gener­
a tion" characteristics have been promised for robots vir­
tually since their birth, these developments are still to 
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be found only at research laboratories and so-called ar­
tificial-intelligence laboratories. There, the problems of 
eyesight, hand/eye coordination, adaptive learning, and 
even judgment are being investigated. 

Hence, the introduction of such characteristics to the 
production line would signal the coming of the "second­
industrial revolution," the term of consultant Leo C. 
Driscoll, of Driscoll Associates Inc., Beverly, Mass. 
However, others, especially U nimation's Engel berger, 
believe the robots can do quite well without them. But, 
whether because of cost or problems of design, "the ro­
bots that will be built and installed in the 1970s are not 
likely to boast such esoteric capabilities,'' predict re­
searchers Hanify and K.G. Johnson of IITRI. 

Basically, programable robots have remained un­
changed in their functional characteristics since they 
were first introduced a decade or so ago. However, the 
electronic hardware has, at least in one case, "changed 
radically,'' says Maurice J. Dunne, chief engineer at 
Unimation. The changes largely result from efforts to 
add greater reliability and lower costs. Claiming more 
than 500 robots in the field since the first was delivered 
in 1962, Unimation, a Condec Corp. subsidiary, has 
more robots installed than any other company. 

Echoing Dunne's estimate of the progress made in 
electronic hardware is Ralph J. Mosher, president of 
two-year-old Robotics Inc., an Elnora, N.Y., company 
formed to develop industrial robots. "Until now, the 
field has been held back by the complexity, high cost, 
and even unreliability of the position-feedback servos 
needed in programable robots,'' says Mosher. "But the 
upgrading that has occurred in electronic components 
has been tremendous." Mosher also cites such develop­
ments as plastic potentiometers for the feedback trans­
ducers, which have vastly improved linearity and life. 
And with integrated circuitry has come lower costs. 

Changes come slowly 

Although a new company like Robotics or USM Corp. 
can begin with the latest technology, the process of 
changing the electronic design, as for most industrial 
devices, has been slow. It was not until early this year 
that production Unimates were shifted from the discrete 
18-volt resistor-transistor logic of the 1962 design to me-
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dium-scale integrated circuitry- 5-volt 8000-series de­
vices from Signetics Corp., Dunne says. With the num­
ber of circuit boards reduced, this substitution also 
meant a complete repackaging of the central processor 
unit. 

In addition, Unimate substituted a plated-wire 
memory, offering modules of 128 program steps to a to­
tal of l ,024, [Electronics , Aug. 30, 1971 , p. 25] for the 
less reliable stepped magnetic-drum memory of the 
company's own design. Although this design change 
was decided upon in 1971 , the new memories did not 
begin to appear in production machines until late last 
year, following extensive field tests. Particularly impor­
tant, of course, any new design must operate satisfac­
torily in the noisy electrical environment of the usual 
factory. The long lead time in making such changes is 
partly due, Dunne says, to the need for scheduling pro­
duction runs well ahead of time. "Like a change in any 
model year, we had to finish out our already planned 
build," he explains. "The majority of our design effort 
goes into engineering the thing to exist as it is for a very 
long time. It's inevitable, for example, that we'll convert 
to large-scale integrated circuitry, but I couldn't predict. 
when that would be." 

The standard Unimates are five-axis machines. The 
smaller series 2000, for example, has an arm that ex­
tends out to almost 8 feet from its pivot point, which 
can position its payload repeatably to within 50 mils. 
Quite large, the hydromechanical package weighs 3,500 
pounds, stands 4Y2 feet high, and measures more than 5 
feet by 4 feet. 

Thus, in addition to its high price, the Unimate may 
lose out because potential users don't have the space to 
devote to it. Accordingly, although Unimation for years 
has been the champion of flexible multipurpose robots, 
it has recently become the U.S. representative for the 
smaller, less flexible MHU robot from Sweden's Electro­
lux Co. And in addition, it is marketing the continuous-

Boarding-house reach. Materials Handling Unit (MHU) from 
Electrolux in Sweden , marketed in the U.S. by Unimation Inc ., is a 
less flexible but less expensive addition to the Unimate family . 

path robot designed strictly for paint-spraying appli­
cations, made by Trallfa, a Norwegian company. 

Analog technology Is common 

Whereas the Unimates store programed positions and 
functions in digital form, most of the others rely on 
analog technology similar to the programable mani­
pulator developed by AMF Versatran, considered the 
No. 2 robot manufacturer behind Unimation. 

"The two companies complement each other rather 
than compete directly," says Versatran's Van Home. 
"The Versatran is physically smaller than the Unimate, 
and it has a shorter reach. It's also more modular, with 
its electronic control and hydraulic modules capable of 
being mounted remotely from the manipulator itself." 
This enables the Versatran to fit into cramped places 
where the Unimates can't, as well as enabling them to 
be suspended upside down or positioned sideways from 
a wall, he notes. 

Van Horne points out that the maximum weight a 
manipulator is specified to handle may also include the 
tooling needed to grasp the part. He cites one case in 
the automotive industry in which a 43-pound cast-iron 
intake manifold for a Cadillac engine had to be ma­
nipulated with tooling weighing 60 pounds. 

Versatran manipulators are designed for either point­
to-point or continuous-path control. Positions to which 
the manipulator moves are stored in analog fashion in 
wire-wound potentiometers. The hand and arm then 
move until feedback potentiometers in servo loops on 
each axis of motion balance the storage pots. Zero-out­
put conditions shut off the hydraulic control valves, and 
the arm stops. 

The sequence in which the manipulator moves to the 
points, and the functions- such as CLOSE HAND or w AIT 
FOR AN EXTERNAL SIGNAL-are set up by connecting 
points in a modular program panel. A solid-state ring 
counter activates each 10-step module. Interlocks are 
also established with external sensors and equipment. 
Such interlocks could, for example, allow the hand to 
close only when a signal is received that a part is in 
place. Or the interlock could signal an external con­
veyor to move, once a part has been loaded. With such 
interlocks, the Versatran serves not only as a manipula­
tor but as a controller for the machines around it, points 
out Van Horne. 

Pots are now modular 

When first introduced almost a decade ago, the Ver­
satran was supplied with a bank of 36 potentiometers 
for the three basic movement axes. But about four years 
ago, the machine was redesigned to accept plug-in mod­
ules of six or 12 potentiometers each. (At the same time, 
the weight-lifting ability was raised to 150 pounds from 
25 pounds.) 

With its plug-in modules and the ability to share po­
tentiometers through the patch-board control, Versat­
ran's standard series 302 point-to-point control has a ca­
pacity of 4,000 sequence points, with a capability for 
subroutining of task sequences such as those needed, for 
example, in palletizing operations. Some point-to-point 
units in the field can, through back-panel wiring con­
nections, even handle as many as 14,000 points. 
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Another version of the Versatran provides for contin­
uous control of the path of the manipulator arm. The 
same mechanical and feedback elements of the point­
to-point machine are used here, but the analog de signal 
levels at the feedback pots are converted to digital sig­
nals and stored on five- or seven-channel 3/.i-inch mag­
netic tape. A channel is used for each of up to five 
servo-controlled axes, another channel for the system 
clock, and another is the command channel to control 
auxiliary functions by signalling relay closures. 

The digital path coordinates are continuously re­
corded on two 12-minute magnetic-tape decks. Play­
back is at the rate of 60 pulses or points per second. It's 
also possible to use still larger tape decks, and in the fu ­
ture, the unit may be controlled by a central computer. 

The continuous-path machine is programed by plug­
ging a "steering" module into the end of the arm and 
having an operator steer the arm through the motions 
of the task. At the same time, he electrically cues in aux­
iliary function signals as the entire program is recorded 
on the tape. 

Price of the point-to-point Versatran starts at about 
$14,000 for a two-axis mechanical unit and its associ­
ated controls, says Van Horne. A hydraulic power 
source and end-of-the arm tooling are extra. A three­
axis machine starts at less than $18,000. The usual in­
stallation, with anywhere from $2,000 to $5,000 for tool­
ing and application engineering, probably amounts to 
slightly more than $20,000. 

Sophistication-under test 

One of the most sophisticated machines is a num­
computer-controlled manipulator from Sundstrand 
Corp. Still in the test market phase-no devices have 
been sold-it has been used by Dow Chemical Co. to 
handle radioactive materials at its Golden, Colo. , facil­
ity. 

The mechanical assembly is a five-axis manipulator, 
basically a rotating column equipped with a two-part 
arm ending in a wrist unit that is free to move in two 
planes. Driven by electric motors, the Sundstrand robot 
occupies 16 X 16 inches of floor space, slightly less than 
a Versatran, has a lifting capacity of 25 pounds, and 
features a programable accuracy to within 12 mils and a 
repeatability to within 2 mils of any programed point. 

"Our original conception was a hydraulic robot, but 
we went to an all-electric system to get accuracy," says 
Carl Pearce, project engineer for the robot at the Ma­
chine Tool division, Belvidere, Ill. "The big advantage 
is considerably fewer maintenance problems. That, of 
course, parallels the experience on numerical-control 
machines- now almost totally electric." 

Sundstrand is using a Data General Nova 1200 with 
a basic 4,096-word memory. The main reason for going 
to computer control was the ease it affords for control­
ling multirobot installations and particularly for chang­
ing programs, says Pearce. Programing is accomplished 
on a point-to-point basis with a detachable control. 
"Basically, we move it around with a joystick," points 
out marketing manager Fred Ditto. The technique is 
similar to the way the Versatran is programed. "This 
drives pulse motors, and pulse counts are collected in a 
buffer. To record points, the operator hits a 'store' but-
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ton and the information's sent to the computer." 
Although the investment for the first robot may be 

high-more than $30,000, including minicomputer and 
teletypewriter- Pearce says the cost will be justified as 
additional robots, at $20,000 each, are added to the sys­
tem. "The Nova 1200 will address up to 32k of memory, 
and there's nothing to keep you from tying millions of 
bits of disk to this ," Pearce says. 

"The executive program occupies in the neighbor­
hood of 2k, and an application such as machine loading 
and unloading, takes 400 words of memory storage," he 
explains. "That's enough for five robots, without the ad­
dition of core." It's possible to teach one robot and use 
the data for all of them, Pearce continues, or each robot 
can be taught completely different tasks. 

As far as moving into the industrial marketplace, the 
Sundstrand machine will have to be faster, admits 
Ditto. "We know what we have to do-add bigger and 
faster drives. But the state of the robot market makes us 
move cautiously." 

Minicomputer controls bow 

Others have also been working with minicomputer­
controlled robots, including Kawasaki in Japan and 
Hawker-Siddeley in England. The USM robot also ben­
efits from a new technological twist. Starting fresh , the 
company decided to control its robot with a PDP-16 
programable controller, the solid-state Digital Equip-

Attention. West Germany's VFW-Fokker Transferautomat E is ac­

tuated by printed-circuit-board motors and programed at a patch 

board with positions stored in potentiometers. Capacity is 66 lb. 

Oriental touch. Kawasaki Heavy Industries, licensee of Unimation 

Inc. , has sold more than 100 of the machines in Japan. And it is de­

veloping its own continuous-path and minicomputer-controlled units. 
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ment Corp. device that's been replacing electromechan­
ical relay banks on assembly-line tools performing re­
petitive tasks. 

As many as 50 program points, as well as auxiliary 
functions , can be set into the PDP-16 read/write 
memory. Two of the machine's five-plus axes are con­
trolled pneumatically and the others by stepping mo­
tors. A prototype of the robot is being used at one of the 
USM plants to serve three punch presses. Eventually, the 
company hopes to sell it for less than $20,000, although 
Manning, the marketing director, has no definite date 
for its introduction . 

Typical of the companies getting into the market for 
manipulators, virtually mandated by toughened state 
and OSHA regulations, are companies like the Syncro­
Trans Corp. subsidiary of Davis Tool and Engineering 
Corp., Detroit, Robotics, the Prab Engineering Corp. 
subsidiary of Prab Conveyors Inc., Kalamazoo, Mich., 
and Wickes Machine Tool division of the Wickes Corp. , 
Saginaw, Mich. In general, their machines are more 
limited in the number of individual operations they can 
be set to perform, and they cost less than the more flex­
ible and more powerful machines pioneered by Unima­
tion and Versatran. Most are designed for handling 
lighter-weight parts. 

Whereas Unimate and Versatran units can lift up to 
150 or 300 pounds, the maximum weight handled by 
these other machines is usually much less-in the range 
of 5 to 50 pounds. However, the Wickes Grabber is 
rated at a maximum of 100 pounds. 

One of the most successful of the smaller manipula­
tors, with more than 300 claimed to be in the field , has 
little need of electronics. This is the Auto-Place robot 
from the Auto-Place division, Erie Engineering Corp. , 
Troy, Mich. It is a pneumatically actuated manipulator 
programed from a pneumatic logic module. 

In addition, it is relatively low priced, selling for as 
little as $1,600, plus about $1 ,600 more for a pneumatic 
logic unit. One model lifts only a maximum of 10 
pounds, another as much as 30. 

Pneumatically controlled manipulators, however, 
aren't limited to handling small parts. The hydraulically 
actuated Brute manipulator made by Burch Controls 
Inc. , Kalamazoo, Mich., for example, has models that 
can lift from 500 to a few thousand pounds. 

The Auto-Place, like several other robots, was first 
designed for its parent company's own use. Erie Engi­
neering is a designer of dies for the automotive indus­
try. The company wanted the robot to replace a human 
operator in the dangerous job of placing and removing 
parts from its machinery. 

Similar events occurred at Davis Tool and Engineer­
ing Co., Detroit, which is involved with stamping out 
metal parts for the automotive industry. Davis specified 
the manipulator and went to a Japanese firm, Keiaisha 
Manufacturing Co., to work out the detailed design and 
fabrication. In November 1971 , Syncro-Trans Corp. was 
formed to market the robot. 

The company has a pair of two-axis, pneumatically 
actuated units that can handle up to 20 pounds to an ac­
curacy of a little more than 30 mils. As many as 24 sep­
arate steps can be programed through a diode matrix 
pin-board panel. Relay logic converts the programed in-
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formation into signals for driving the valves on the 
pneumatic actuating system. Mechanical stops limit the 
arm movements. The robot is priced, with control panel, 
at under $11 ,000. The company also has a unit with IC 
logic selling for about $12 ,500 and a bigger and heavier 
machine on the drawing boards. 

"We're aiming at the low-cost end of the market, gen­
erally at the less sophisticated shop," says marketing 
manager Robert W. Reinhardt. The Syncro-Trans ro­
bots, he continues, are difficult to reprogram , compared 
with Versatran and Unimate machines, because they 
rely on moving diode pins in a matrix panel and chang­
ing the mechanical stops. 

One robot has even been developed for a manufac­
turing process that's yet to be accepted. This the 
ShapeMaker machine from Robotics . It's designed to 
trace a continuous path while applying liquids or pastes 
to form gaskets for automobiles, replacing the separate 
gaskets now being used. 

In the ShapeMaker, Robotics applies the same me­
chanical and servo elements it uses in its Liberator ro­
bots- a line of point-to-point robots that can lift up to 
70 pounds. However, the ShapeMaker relies on a pro­
prietary analog memory to produce continuous analog 
signals for two-dimensional control, says general man­
ager Donald L. Shell. The unit, which lists for under 
$25 ,000, is programable, but a new generator memory 
must be made for each shape. A unit capable of three­
dimensional operation is also being developed. 

Europe also makes robots 

In Europe, Scandinavia leads in robot manufacture 
and application. Elsewhere in Europe, the University of 
Nottingham in England is working on advanced robot 
designs that employ visual and tactile sensors, and 
Hawker-Siddeley, a licensee of AMF Versatran, installed 
its first minicomputer-controlled robot as early as two 
years ago. 

Other countries have developed their own robots too. 
West Germany, for example, has VFW-Fokker's Trans­
ferautomat E, a $23 ,000, three-axis, electrically actuated 
machine that can handle more than 65 pounds. And in 
France, Koenig Automation S.A. , Rixheim, has devel­
oped its Roboka-series machines for parts weighing 
from about IO and 65 pounds. 

With 200 robots in operation, Sweden's R. Kaufeldt 
AB of Huddinge (outside Stockholm) is one of the 
world's top three robot manufacturers. Another Swed­
ish company, the giant conglomerate Electrolux, says its 
West German agent, Robert Bosch, has agreed to sell 
150 robots within the next two years. 

Moreover, the Norwegian company, Trallfa, has suc­
cessfully developed a specialized robot for paint-spray­
ing applications. In only a couple of years, it has put 
110 in operation and has 50 more on order, despite the 
fact that the unit is relatively sophisticated and priced at 
upwards of$25 ,000. 

Starting at $6,000, the Kaufeldt robot is a small, rela­
tively inexpensive machine finding wide use in the plas­
tics industry, primarily in Sweden. 

Top weight lifting capability of the pneumatically 
powered Kaufeldt is 145 pounds, though it weighs only 
350 pounds itself, and even in its lowest-priced form , it 
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Pretty smart. Experimental tactile robot from Japan's Hitachi Ltd. consists of a main hand and an auxiliary hand that can insert a piston into a 
cylinder with extremely tight tolerance. Hitachi is a leader in developing robots with both visual and tactile senses. 

has five axes of motion. Usually, it is applied to handle 
workpieces of less than 30 pounds. Position accuracy 
can be held to variations ofless than 2 mils. 

Programing is simple 

Both the Kaufeldt and Electrolux robots use rela­
tively simple programing and control systems made by 
Sweden's telecommunications firm L M Ericsson. These 
systems, similar to those on telephone exchanges, in­
corporate electromechanical relays; programing re­
quires adjusting their hardwired connections. This slight 
programing difficulty can be an advantage. "Our cus­
tomers in Italy like this feature," says Lars-Eric Qvist, 
Kaufeldt's managing director. "They say their workers 
like to play with buttons and switches, and they can eas­
ily foul up programs if these are easily accessible." 

The basic control unit offers 58 movements, with a 
horizontal reach of almost 50 inches, but it is modular, 
and $60 buys an add-on control unit with 30 more 
movements. Robots with capacities of 240 movements 
have been supplied by the company. On two Kaufeldt 
robots recently introduced, new control systems have re­
placed the Ericsson board. One has an plug-board 
made by the Swiss electrical firm of Brown-Boveri and 
Co. and marketed under the trade name "Sigmatronic." 
The other robot is controlled by a fiuidic system made 
by Knorr Fluidics of Munich. The robot was designed 
to meet explosion-proof requirements for an installation 
at the Nobel explosives plant in West Germany. 

Electrolux's MHU (for materials handling unit) resem­
bles the standard Kaufeldt robot. It also uses pneumatic 
power and the standard Ericsson control board. Its con­
figurations can be varied-a simple arm-and-hand setup 
suffices for horizontal or vertical movements, or a tilt 
unit allows the arm to reach down at a 45 ° angle so that 
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it can pick objects from pallets. Price ranges from about 
$9 ,000 to $17 ,000, depending on configuration. Electro­
lux has also come out with a smaller model, known as 
MHU Junior. With one or two arms, it is priced at be­
tween $7,500 and $10,000. 

Control is magnetic tape 

The Trallfa robot, made by the Trallfa Co. in the 
small town of Bryne outside Stavanger in Norway, fea­
tures movement controlled over a continuous path by 
magnetic tape in a fashion similar to the American-built 
Versatran. One of the first production models was put 
into operation in 1969 to enamel bathtubs at the Gus­
tavsberg enamelware plant outside of Stockholm. Of 
the 110 units in operation, at least 10 are in the U.S., 
and the rest are in Europe, Japan, and East Germany. 

To program the unit, the operator moves the spray 
head around the object to be painted, duplicating the 
job as he would do it manually. The unit has five differ­
ent servo systems to duplicate the movements of a hand 
and arm. Analog signals from the position servos in 
each axis are converted to digital signals and recorded 
on eight-track tape. The memory system, in playback, 
compares the position of the resolvers and potentiome­
ters and thus knows the spray-head position and the 
next move. The servo system is pulsed 80 times per sec­
ond. 

Accuracy of the Trallfa is roughly to within ±80 
mils-not good enough for a lot of pick-and-place jobs, 
but good enough for spray painting. The robot is acti­
vated on the line by photocells or proximity switches. 

Retab is sophisticated 

On the control side, a Stockholm company, Retab, 
has produced one of the most advanced electronic robot 

101 



Inventor. Victor Scheinman adjusts the 
Stanford University robot arm . 

Duo. Richard Paul , typing , and Robert Bollis Gently. Hand at end of four-foot-long arm of Stanford University robot delicately sets down 
program the Stanford arm . housing of small pump it has been programed to assemble. 

control systems available- one that even affords the 
possibility of tying in remote sensing devices so the ro­
bot can locate objects whose position and orientation 
need not be firmly fixed. 

Retab, which stands for Rationella Elektronik Til­
laempningar AB, hopes to sell its control as a general­
purpose system for servo-controlled, hydraulically ac­
tuated robots. Founded in 1964, the company builds 
numerical-control systems for drilling printed-circuit 
boards. Its new control unit operates from a cassette 
tape or a solid-state memory, consisting of a dynamic 
MOS shift register made of20 2,048-bit chips. 

The control is programed by the teach-in method. 
The Retab is put through its paces manually while the 
positions and functions to be performed are stored in its 
MOS memory. The memory can store 250 points in a six­
axis system, or 500 points in a three-axis system. A com­
pleted program can be shifted to tape for a permanent 
store. 

The unit offers up to three memories in any combina­
tion of tape and solid state. Thus, using two tape memo­
ries, each with a capacity of 5,000 points, total memory 
capacity of 10,500 points can be obtained. 

Unusual is a search mode, which helps the robot lo­
cate objects. Instead of a sophisticated TV or tactile sen­
sing system, the Retab controller reacts to signals from 
photocells or other sensors. Thus, a series of light beams 
may be placed across a table so that an object on the 
table breaks the path between the light source and 
photocell. The robot arm is then automatically con-

102 

trolled to move to the object. Retab officials say that 
such an operation can be accomplished at the robot's 
full speed. 

Retab's controller has been operated with a Japanese 
robot, made by Tokyo Keiki Co., but no sales have been 
announced yet. A basic unit costs about $10,000 with 
one memory module of 250 positions. Additional MOS­
memory modules cost about $500 each, while the tape 
recorder costs about $1, 100. 

Japanese industry 

Some of the largest companies in Japan are building 
robots. Thus, companies making fairly sophisticated ro­
bots include Tokyo Shibaura Electric Co. (Toshiba), Hi­
tachi Ltd., Daido Steel Ltd., Kawasaki Heavy Industries 
Ltd., Mitsubishi Heavy Industries Ltd., lshikawajima­
Harima Heavy Industries Ltd., Fujikoshi Ltd., Nagoya 
Kiko Ltd. and Tokyo Keiki Ltd . 

The most successful manufacturer of sophisticated 
programable robots is Kawasaki, which makes Unimate 
machines under license, as well as developing its own 
versions. These latter robots include a continuous-path 
machine, and at least two that operate under mini­
computer control. Kawasaki officials claim that com­
mercial customers have ordered two systems with mini­
computer controls. Altogether, Kawasaki has sold more 
than 100 of its Unimates and claims perhaps 10% of the 
market. 

Just behind Kawasaki is Daido Steel, which is the 
Japanese licensee of the AMF Versatran. Daido's robots 
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include various models of the Versatran, the Minitran 
robot licensed by Hawker-Siddeley, the British AMF 
Versatran licensee, and more specialized robots used in 
metals casting and as overhead loaders for presses. 
Prices of the Kawasaki and Daido Steel installations 
range from $19,000 to $50,000. Except for the Minitran, 
the . Daido and Kawasaki robots are in the heavy­
weight-lifting class. Other companies in that same class 
include Yaskawa Electric Ltd. , and Fuji Electric Ltd., 
with a 400-pound-plus machine._ 

Simple manipulators do well 

However, these companies are not typical suppliers 
because the bulk of the market is served by a large 
number of relatively simple and inexpensive robots. 
And even where the larger units are applied, no single 
production line has as heavy concentration of robots as, 
for example, General Motors' Vega line in the U.S. 

Among the top manufacturers in Japan is Ichikoh In­
dustries Ltd., which specializes in a simple robot for 
loading and unloading thermoplastic injection-molding 
machines. These robots, pneumatically actuated and re­
lying on switches for positioning, may merely deliver a 
completed part as heavy as 21 pounds onto a conveyor. 
An lchikoh spokesman sees an attractive market for the 
robots-about 800 of the molding machines are made 
each month, he says. 

Another specialized manufacturer is Aida Engineer­
ing Ltd., which says that 90% of its robots are used for 
loading and unloading presses. Not so coincidentally, 
perhaps, Aida also manufacturers presses. However its 
robots are used on other presses as well. 

Aida exports its robots to the United States, and so 
does Sanyo Machine Works Ltd. Sanyo makes a low­
priced, light-weight rob<?t that features mechanical-cam 
programing and diode-matrix pin boards. Prices of the 
Sanyo units range from $3 ,800 to $7,600. 

Several Japanese companies are also developing 
minicomputer-based controls for their robots, as well as 
controls to direct groups of robots from central comput­
ers. Included are Kawasaki, Mitsubushi, Toshiba, and 
Tokyo Keiki. Kawasaki, for example, working with a 
subsidy of about $319,000 per year from the Ministry of 
International Trade and Industry, is developing under a 
three-year program a pilot plant that uses eight-axis ro­
bots for the automatic assembly of automobile engines. 
The installation has been operating ·experimentally 
since last year. 

One trend noted by a Kawasaki spokesman is that its 
large Unimate-type robots are going into assembly lines 
designed especially for the robots. One such line in the 
auto industry, for example, has eight robots doing spot­
welding. And in about a year, a similar line under mini­
computer control will go into operation. 

In developing industrial robots with advanced sen­
sors, Hitachi's Central Research Laboratory is an indus­
try leader. Its latest development is a two-handed, tac­
tile-sensing device, the Hi-T Hand Expert 1, that can 
insert a piston in a cylinder having a clearance of only 
20 micrometers. This clearance is so small the parts 
seem to freeze together unless the insertion, made with 
the help of tactile sensors in the hands, is precisely on 
target. Other Hitachi robots have been fitted with TV 
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cameras and pattern-recognition schemes to find and 
grasp objects, and to develop hand-eye coordination. 

Although robots with tactile and visual sensors have 
been called the next step in technology for years, none 
of the robots now operating in factory environments are 
so equipped. But work on the new sensors goes on nev­
ertheless, at such institutions as Stanford, Stanford Re­
search Institute, and MIT in the U.S., Nottingham in 
England, and Hitachi Ltd. in Japan. 

Typical of the advanced industrial robot develop­
ment is the work going on in California at SRI and Stan­
ford. Under a National Science Foundation grant, SRI is 
developing a computer-controlled assembly machine 
with tactile and visual sensors. Work under the grant 
started April 1, and funding has been received for a 
year. If progress is satisfactory, NSF is to provide some 
$550,000 over a two-year period. The test bed is a Uni­
mate robot equipped with a hand carrying tactile sen­
sors and with a television camera for visual sensing. A 
second smaller arm will be installed, as well, for two­
handed assembly work. 

Prime goals of the SRI program are to develop pro­
graming techniques suitable for general-purpose indus­
trial robots and to resolve questions about what kinds of 
sensors, hands, and other components are required for 
practical industrial work. 

Highest priority for the robots goes to carrying out as­
sembly operations, followed by inspection of parts and 
checking for such things as misorientation of a compo­
nent, a hole not drilled, or threads that have been strip­
ped, and, finally materials handling. 

The NSF grant specifies that SRI be guided by actual 
industry needs so that any technology that's developed 
will stand a good chance of being used. To achieve this 
objective, the project director, Charles A. Rosen of SRI's 
Artificial Intelligence Center, is enlisting companies 
from as many as 10 different industries as fee-paying af­
filiates. AMP Inc. , the Harrisburg, Pa., manufacturer of 
electrical connectors was the first to sign up. 

Minicomputer control planned 

Rosen hopes the project will lead to development of 
dexterous, general-purpose machines costing around 
$50,000 with minicomputer controls. The mini­
computers may be built-in or several machines in a line 
may be controlled by a larger computer. He expects 
such machines might have a capital cost write-off life 
comparable to numerically controlled machine tools­
perhaps 10 years- making them economical for many 
industrial applications. 

The sensors will be versions of ones that SRI has been 
developing under other programs. One will be a hand 
with flexible fingers and analog touch sensors. These 
sensors will be interrogated by the computer through a 
multiplexer. 

For instance, if a part is being pushed, a row of sen­
sors along the outer edge of the finger doing the push­
ing will allow the computer to "feel"-by referring to 
stored patterns- when the part comes in contact with 
another part. Rosen is considering adding torque sen­
sors. He notes that MIT has developed an excellent 
torque-sensing system. 

A TV camera will be the basic visual sensor, possibly 
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Sensitive. Early model of SRI hand had touch sensors added to de­
tect force it exerted on an object. 

to be replaced in the future by solid-state scanning ar­
rays. These scanners will probably be combined with la­
ser scanners to provide depth information. Rosen be­
lieves that laser scanning is a more economical and 
accurate way of obtaining depth information than ste-
reoscopic processing. · 

The visual ability will be used for such things as 
checking parts orientation and parts integrity- that is, 
such things as determining if a punched part has the 
right number of holes- and guidance as to where to 
grasp parts. And "templates" in the computer software 
would compare scenes viewed with scenes stored in 
memory. From these comparisons, the computer can 
determine how to direct the robot mechanisms. 

With the smaller second arm added, the larger arm 
could, for example, serve as a programable holding jig 
for a large part, while the small arm inserts smaller 
parts and handling tools. Rosen also hopes to develop 
methods for coordinating two-handed operation. 

Sensors may upgrade robots 

He notes that robots available today-such as Uni­
mate- could be upgraded by sensors, but that manufac­
turers have been fearful that the machines would be too 
costly for the market. Plans are to run the machine at 
least initially with a Nova minicomputer, and to de­
velop software that will allow jobs to be programed in­
teractively by people who are not skilled programers. 
For instance, to define a part the programer might call 
out a basic shape on a display screen. The shape would 
be uniquely defined by its center of gravity and a mea­
sure such as the ratio of two radii. 

Then, the display operator could indicate with a light 
pen the points at which the part should be grasped by 
the robot. Then, by various "natural" programing meth­
ods, the manipulative sequence would be assembled to 
complete the setup program. While the programing it­
self might require a large computer, the program could 
be run on a mini. 

Stanford University's Artificial Intelligence Labora-
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tory (SAIL) has been researching hand-eye automation 
techniques for about 10 years under some $4 million in 
contracts with the Advanced Research Projects Agency. 
Some of the early work concerned space robots, but 
much of the later work has been on industrial robots. 
Current funding is about $350,000 a year. 

The present test bed for industrial robots is a servo­
driven, four-foot-long computer-controlled arm with six 
degrees of freedom. It has been used to assemble small 
pumps and will soon be programed to assemble a small 
motor, says Lester Earnest, SAIL's associate director. 
The robot could be scaled down to assemble smaller 
parts-conceivably, IC packages- or scaled up to as­
semble other modular building blocks. 

This year, an extra hand will be installed so that the 
machine can do two-handed work. Most of the research 
effort now is concerned with vision programing and de­
velopment of a high-level programing language. The 
servo programing is highly advanced so that the ma­
chine, much like a blind person, can assemble parts by 
groping and feeling for them. However, the vision soft­
ware is only developed to the point where alignment 
targets, plane shapes, and the like can be sensed 
through a TV camera. Under development are programs 
that allow the machine to recognize curved shapes and 
use the shape data to control operations. 

The robot's ability to "feel" makes it unnecessary for 
parts to have tight tolerances or be precisely aligned. 
For example, if a bolt must be screwed into a threaded 
hole, the hand picks up the bolt and moves it to the ap­
proximate hole position. Then the hand probes until the 
bolt slides into the hole, and it turns the bolt until it 
senses that the threads mate. If the bolt meets resist­
ance, the hand backs off and tries again. A conventional 
manipulator or a numerically controlled machine tool 
would merely keep turning and could strip the threads. 

The machine can be taught assembly steps directly. 
First, the hand is moved to the desired positions, and 
their coordinates are entered. Force and other data are 
entered at the computer terminal. From such inputs, the 
computer program- on a Digital Equipment Corp. 
PDP-10- plans arm motions, called trajectories. As the 
arm moves, forces impeding motion are sensed by 
monitoring the electrical currents driving the servos. 
The computer program then adjusts the servo-drive pul­
ses to compensate for these forces. 

In the works are plans to modify the program so that 
a laser beam could be focused across the part and be re­
flected into a TV camera. Each object will be considered 
as a combination of primitive shapes that reflect the 
beam in unique ways. Thus, a file of primitive images 
could be stored and used to recognize and analyze com­
plex shapes and their orientations. Plane shapes, cubes, 
and the like can already be recognized. 

Earnest says that about a dozen other laboratories 
have requested copies of the arm and its controls. He 
adds that a small company will probably be spun off 
from the lab to manufacture the device, which will 
probably be priced at about $5 ,000. D 

Material for this report came from Elec tronics staffers Charles L. Cohen, Tokyo; Michael 
Payne. London; John Gosch. Frankfurt; George Sideris. San Francisco, and Larry Arm· 
strong, Chicago, and from McGraw-Hill World News Correspondents Robert Skole, Stock­
holm; Laura Pilarski, Zurich , and Beth Macleod, Paris . 
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LITTLE PACKAGES COME IN BIG THINGS 
Big or small, custom or standard semiconductor 
memory systems- Intel Memory Systems Delivers. 
We build memory cards and complete memory sys­
tems to meet virtually any capacity requirement 
with cost/performance advantages far exceeding 
::ore. 

Using Intel 's standard MOS and bipolar memory 
components, we are presently delivering systems 
with capacities up to 50 million bits and memory 
:::ards in sizes from 1 K words by 4-bits up to SK 
words by 1 S-bits per board . These cards can be 
made into any system configuration that is needed . 
For example, the photos above show a custom sys­
tem built by Intel with a capacity of 96K words by 
63-bits using standard I N-10 memory boards orga­
nized as SK words by 9-bits . Latest in our line of 
memory cards is the IN-36, 4K word by 9-bit mem­
)ry built with Intel 's new high speed 1 K n-channel 
RAM . It has a cycle time of 300 nanoseconds. 
fhat's performance! 

Besides delivering unmatched performance, Intel 
memory systems offer you the benefits of an easier 
to build, easier to use, easier to change and eas ier 
to pay for memory system . For example, Intel 
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intel is 
toppling 
cores. 

memory systems allow you to have: 
1. Greater systems performance with cycle times 

ranging from 100 to 900 nanoseconds. 
2 . Systems organized to fit your application. You 

can buy memory systems, including custom in­
terfacing , organized as 1 K words by 1-bit, 4K 
words by 8-bits , 65K words by 16-bits, or 
32K words by 144-bits. 

3. Higher Reliability. Intel memory systems have 
chalked up over 10,000 MTBF hours based on 
actual f ield operations. 

4. Interchangeability. All memory boards in the 
system are interchangeable so that any change 
is a simple change made without altering the 
system . 

5 . Lower power systems. Standby power for a 4K 
word by 18-bit semiconductor memory is only 
12 watts, operating power is 35 watts. 

6 . And certainly not least, lower cost systems. All 
of the performance , reliability and cost advan­
tages of Intel 's memory systems add-up to the 
best buy you can make. Call now for our com­
plete catalog and find out that both our big and 
littl e packages have little price tags. Intel Mem­
ory Systems, 345 Middlefield Road , Mountain 
View, California 94041 . (408) 246-7501 . 
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2 watts at 70°C 

Temperature Coefficient ±150 ppm/°C ±150 ppm/°C 

Diameter ¥." Y2" 

Depth Behind Panel Y2" 

Resistance Range 50!! to 5 megohms 100!! to 5 megohms 

Resistance Tolerance ±10% ±10% 

Bushing metal and plastic, locking and non-locking, plus snap-in metal; locking and non-locking 

• Prices are U.S. Dollars , F.O.B., U.S.A. 

FOR A COPY OF OUR COMPREHENSIVE 22-PAGE BROCHURE, OR TO ENTER YOUR ORDER, CONTACT 
YOUR LOCAL BOURNS SALES OFFICE, DISTRIBUTOR, OR THE FACTORY-DIRECT. 

TRIMPOT PRODUCTS DIVISION• 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507 
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C-MOS may help majority logic 
win designers' vote 
Majority logic , in which output depends on the state of a majority 
of inputs, has just been introduced on an economical IC; it can 
markedly reduce the number of gates needed to implement a function 

by Lane Garrett, Motorola Semiconductor Products Division, Phoenix, Ariz. 

D The class of logic functions called "majority logic," 
which has long been dormant, is now being used as 
basic logic building blocks alongside conventional AND, 
NAND, OR, and NOR functions. Broadening the logic and 
system designer's list of useful tools, majority logic is 
defined simply as a function whose output depends on 
the state of the majority of its inputs. Devices having 
this capability often significantly reduce the total num­
ber of logic gates required to implement a function. 
· Already a new majority-logic chip built with comple­

mentary-Mos technology is available for functions that 
are otherwise difficult to realize-for example, in corre­
lation techniques dealing with weighted variable values 
and in communications systems where information 
must be retrieved from noisy backgrounds. 

For many years, the generic class of threshold logic, 
of which majority logic is a member, has been known to 
logic designers, but its use has been confined to special 
or custom applications because no method existed to 
turn these designs into economical standard products. A 
threshold-logic function is defined as a decision block in 
which the output is true if the arithmetical sum of the 
inputs (each of which may have its own numerical 
weight) is greater than a predetermined number. Major-

Closing the loop 
Readers who wish to discuss majority log ic wi th the 
author may call Lane Garrett during business hours 
during the week of July 23 at (602) 244-3681. 
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1. The family. In this chart re lating majority logic to the other basic gating functions, the left margin gives designation numbers and the eight 

possible high-low combinations of three input variables, whi le the logic symbols and Boolean expressions are given at the top and bottom. 
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B AD C Ms Ms = ABC+ ABO + ABE + ACD + ACE + ADE + BCD 
D + BCE + BOE + COE 
E = A(B + C)(O + El + C(B + E) (A + 0) + EIA + B)(C + 0) 

~fl··· ·"' " ' " 
w----~ 

A __Jr-----i 
B 
c 
D 
E ----11----......1 

x----~ 

F __Jr-----. 
G 
H 
I 
J --ii.....---i 

(a) 

y = M IA. B, c. D, El 0 W 

Z =Ms 0 X 

(b) 

2. Doubly flexlble. The first majority-logic product, a dual five-input 
chip whose function is shown in (a) , has good tradeoffs to get log ic 
flexibility and low production costs . Moreover, adding an exclusive­

NOR gate to each Ms gate (b) enables the output to be logically in­

verted by applying a logic Oto the W input. W may also be used as a 

variable to compare to the majority of the other inputs . 

SECTION 2 

SECTION 1 

YiMC 14530 

ity logic, which is most easily built in IC form, has, in ev­
ery case, an odd number of inputs, each with a nu­
merical weight of 1; thus, when more than half the 
inputs are true, the output is true. 

Figure 1 relates majority logic to other basic gating 
functions . The left margin of the chart gives designation 
numbers and the eight possible high-low combinations 
of three input variables, A, B, and C. The logic symbols 
and Boolean expressions at the top of the chart are for 
the positive logic convention, while those at the bottom 
are for negative logic. 

The majority-logic function 

The four most common gating functions are shown in 
the left third .of the chart: OR, NOR, AND, and NAND. It 
should be noted that, unlike majority logic, each of 
these gates detects one unique input combination out of 
all possible combinations. For example, the NOR detects 
the unique condition when all inputs are low and gives 
a high output. The next group of four gates makes up 
the exclusive and inclusive functions that have been de­
fined for more than two inputs. 

Taking n as the number of inputs to a gate, these 
functions sense n unique combinations out of 2n total 
combinations. Out of a possible 2n combinations, the 
last grouping of gates senses 2n- 1 combinations, and 
these are the majority and parity functions . It should be 
noted that if all inputs are random in nature, the output 
of these functions can be expected to be true half of the 
time. The majority-logic function is most useful because 

SECTION 3 

w 

3. Operation. In half the logic chip shown here, each n-channel device of section 1 will be turned on when its gate goes high , while in sec­

tion 2, conduction will occur when gate-input variables are low. Section 3 implements the exclusive-NOR function . 
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inputs may be used for both logic and control. 
This new member of the C-MOS family is a dual five­

input majority-logic gate (M5 ) . Because of the tradeoffs 
of production cost and logic flexibility, a five-input de­
vice was chosen, since five inputs are sufficient to dem­
onstrate the flexibility of majority logic but are not too 
many to unduly complicate fabrication. Because present 
production costs of a 16-pin dual in-line package are al­
most the same as those for a 14-pin package, and the 
additional pins result in a significant increase in flexibil­
ity, the function shown in Fig. 2a was packaged in a 16-
pin DIP instead of the conventional 14-pin DIP. 

Inverting output 

The two additional pins allow an exclusive-NOR gate 
to be added to each M 5 gate, providing two significant 
advantages as shown in Fig. 2b. The output may be log­
ically inverted by applying a logic 0 to the W input. 
Also, the W input may be used as a variable that is logi­
cally compared to the majority of the other inputs, a 
function that cannot be easily implemented with con­
ventional gates. The resulting logic component lends it­
self to numerous applications that were not heretofore 
economically practical. 

C-MOS was chosen as the most effective technology for 
this function because it affords excellent packing den­
sity for complex functions otherwise uneconomical with 
such conventional bipolar technologies as transistor­
transistor logic. And with C-MOS, speed is not sig­
nificantly decreased with increasing complexity because 

W·i~ w
0

0~ I .. .. D s 
E 

(a) (e) 

i~ 
1 
0 
A Ms 
B 
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;EJb,o., 1 
1 
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B 
c 

(c) (g) 

1 

l~·, 0 
0 
A Ms 
B 
c 
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4. The M5 chip's many combinational functions. Functions (a) 

through (d) represent th e majority of five inputs and three inputs, the 
OR of three inputs , and the AND of three inputs . Functions (e) 

through (h) wi ll give the complements of these expressions when the 

W input of the exclusive-NOR is changed from 1 to 0. 
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devices can be built in tight arrays where chip delays 
are short. In addition, since the majority-logic function 
is symmetrical, it lends itself to easy implementation 
with standard C-MOS symmetry. On the other hand, the 
most economical bipolar technique for the implementa­
tion of complex majority logic is the summation of 
switched current sources-most effectively accomplished 
with emitter-coupled-logic design techniques that re­
quire more chip area and consume more power. 

Majority-logic chip layout 

The key to the design of economical, standard major­
ity-logic C-MOS chips is the ability to make several on­
chip devices do multiple functions so that complex ma­
jority-logic equations can be handled by fewer on-chip 
components. Consider the example A(B + C)(D + E) + 
C(B + E)(A + D) + E(A + B)(C + D). Figure 3, which 
shows half of the M 5 layout, illustrates how the M 5 chip 
would implement this function. The n- and p-channel 
devices have been drawn with simplified symbols for 
the sake of clarity. 

Each n-channel device shown in section l of Fig. 3 
will be turned on if its gate goes high. Conduction can 
take place if A and (B or C) and (D or E) are true 
(high). Note that if conduction through the n-channel 
devices can take place, there is no corresponding con­
duction path possible through the upper p-channel de­
vices. Conversely, section 2 will conduct if the 
input variables are low for the same expression, 
A(B + C)(D + E). The next two series sections of Fig. 3 

w 
A 
A (AB+ AC+ AD + BC D) 0 W 
B 
c 
D (a) 

Ta 

Sa 
s, 1 = CDRRELATl'DN OF 60%, 80%, 100% 
S2 
S3 
S4 ( b ) 

Ta 

Ta 
Sa 1 = COR RE LATION OF 75%, 100% 
s, 
S2 
S3 

(c) 

To 

Ta 

Ta 1 = COR RE LATION OF 100% 
Sa 
s, 
S2 

(d ) 

5. Weighing in. In correlation applications, special weight must of­

ten be given to a particular input. In (a), the input A is given a weight 

of two by repeating it once. Correlation of a test bit, T0 , with various 

input variables is also possible . The schematic in (b) illustrates corre­

lation of 100% for a true or logic 1 output . 
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0 
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0 
0 
G 
H 
I 

Ms 

ABC DE 
or 

(A+B + C) DE 

(a) 

Ms 

Ms 

AB + AC+ BC+ DEF+ GHi 

( b) 

6. Levels of flexibility. The versatility of majority gates is inc reased 

by using two levels of the Ms chip. In (a) , the NANO of three vari­
ables is ANDed with two more variables. In (b) , only two packages 

are required to get these complex combinational functions. 

implement the last two major terms of the above ex­
pression. 

The illustrated array implements the not-majority 
function, which is simply the c5mplement of the major­
ity function. Section 3 implements the exclusive-NOR 
logic function with only 12 MOS transistors. The last two 
transistors implement an inverter / buffer to drive off­
the-chip capacitance. This last stage converts the logic 
expression into the exclusive-OR of not-M5 and the W 

4/5 

2/3 

1/3 

7. More than five. Majority gates with more than five inputs can be 

bui lt from Ms arrays. In th is seven-input configuration the output 417 
is true only when four or more inputs are true . The array can also be 

rearranged so that it will provide a 517 true output. 
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input, (M59W) which is the logical equivalent of the 
original expression that was to have been implemented. 
Only 88 transistors are required to complete the entire 
function. This is less than half the number of devices re­
quired to build an equivalent TIL realization of the 
same function. 

Fabrication of the chip in a small area is accom­
plished with a symmetrical layout. High-speed MOS de­
vices are included to minimize gate-propagation-delay 
times and give good output-drive capability. At a nomi­
nal 10-v supply voltage, the over-all propagation delay 
varies between 100 and 200 nanoseconds with nominal 
load capacitance, depending upon the combination and 
number of inputs being switched. 

As a standard product, the dual-majority-logic gate, 
(MC14S30), is specified to operate over a supply range 
of 3 to 18 v with the same low quiescent power dissipa­
tion (typically 50 nw) common in standard logic fami­
lies of C-MOS logic. For maximum compatibility, input 
and output characteristics are the same as other devices 
of the C-MOS family . Conversely, a TIL approach would 
yield a faster but more costly function that would dissi-
pate significantly more power. . ~ 

Applying the dual M5 gate 

The basic M5 gate with exclusive-NOR is a powerful 
combinatorial logic function. In Fig. 4, wl;iich shows the 
basic M5 configurations, ,the functions in Fig. 4a 
through 4d represent the majority of five inputs and 
three inputs, and the OR of three inputs, and the AND of 
three inputs, respectively. By changing the W input of 
the exclusive-NOR from a 1 to a 0, the complements of 
the previous four functions are obtained (functions 4e 
through 4h). 

Figure Sa illustrates a method used for increasing the 
"weight" of a variable. Here the A input is given a 
weight of two by repeating it once, with the resultant 
Boolean output expression shown. · The majority gate 
may also be used to indicate if the correlation between a 
test bit (To) and various input variables is greater than 
or equal to a predetermined value. 

For example, Fig. Sb illustrates correlation greater 
than or equal to 60%, in Fig. Sc, it is 75%, and in Fig. 
Sd, correlation of 100% is required for a true or logical 1 
output. By using arrays of these gates, it is possible to 
check the correlation factor between words stored in a 
memory and multiple samples of word data that have a 
large noise content. Thus, this correlation technique can 
be used for enhancing radar signatures and improving 
the performance of recognition equipment. 

The versatility of majority logic can be appreciated 
from Fig. 6, which shows two combinational uses of M5 

gates. Figure 6a provides the NANO of three variables 
ANDed with two more variables, impossible with a 
single package in other logic families . By using only two 
packages in the configuration of Fig. 6b, many combi­
natorial functions of a large number of variables can be 
obtained with a significant savings in package count 
over other approaches. For the example shown, TIL re­
quires twice as many packages. 

The majority-logic gates may also be formed into ar­
rays that are useful for detecting whether or not n bits 
out of m bits of a given word are true. This is useful in 
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conjunction with certain types of coding schemes in­
volving a fixed number of ls . Majority gates with more 
than five inputs can also be built with arrays, as illus­
trated in Fig. 7a. The general symbology n/m is used to 
illustrate that the majority gate is wired to detect 
whether n or more inputs are true out of a possible m 
input bits. For example, 2h states that the output is true 
if two or more of three inputs are true, i.e. , M3 . The ar­
ray in Fig. 7a is best understood by following through 
the array from left to right for the seven input bits, X1 
through X7 • It will be notec;l that the output 417 is true 
only when four or more inputs are true, i.e., M7 . 

A general-purpose array is easily formed so that all 
possible cases of n/ m can be detected. This is illustrated 
in Fig. 8a, where 15 M5 gates (71h packages) are re­
quired. If the exact number of true bits in the input 
word is required, the output of the array may be en­
coded into a 3-bit binary word through the use of a pri­
ority encoder (Fig. 8b). A priority encoder is an MSI 
function in which each input is assigned a fixed priority 
(0 through 7 in the example shown) and the output is 
the encoded binary equivalent of the highest-priority 
input that is true. This array is useful for checking the 
correctness of n/ m codes and determining the number 
of bits in a word that correlates with a test word. 

More correlation 

Because of the ability to weight inputs in majority­
logic sequencing, M5 chips are ideal for applications 
where sensed data is to be compared to standards or 
various test words, and the degree of comparison or cor­
relation is desired. Examples are in character-recogni­
tion equipment, speech recognition, radar-return analy­
sis, recognition of various codes, and the recovery of 
information from noisy data samples. 

The array shown in Fig. 9, generic in nature, has been 
generalized for use in many correlation applications. 
Although this array may not be optimized for some ap­
plications, it presents a typical method of solution for 
many correlation problems. 

In operation, the portion to the left of the figure con­
sists of seven shift-register segments. Five flip-flops 
from each shift register are shown containing five time­
sequential samples (S1 through S5) of one bit of a 7-bit 
data word. 

The first seven M5 gates vote on the five data-word 
samples. The majority of the five samples of each bit are 
then compared bit by bit with a test word (test bits 1 to 
7). The result of each comparison is then available at 
the bit-correlation outputs. 

Moreover, it is possible, by the method shown in Fig. 
5, based upon the bit-correlation outputs, to deliber­
ately feed back complements of the test bits to check for 
a higher correlation factor. These complements may be 
fed back in a serial manner and mixed with the data 
word in a predetermined manner. 

The over-all correlation factor (on a word basis) is 
sensed by the 11 M5 gates shown to the right. This con­
figuration senses from 4 out of 7 up to 7 out of 7 bits in 
agreement with the test word. If none of the four out­
puts is true, the anticorrelation factor may be obtained 
by inverting all 7 test bits ; e.g. , the 717 output would 
then be true if no original bits were in agreement. 
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F1 (X, ... X7) 

F6 (X1 ... X7) 
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F2 (X 1 ... X1l 

F, (X1 ... X7) 

X4 Xs 
(a) 

X6 X1 

FU LL 7-BIT 
n/m ARRAY 

X1 X2 X3 X4 Xs X6 X1 
(0) (1) (1) (1) (0) (1) (1) 

F1 (0) 
P1 F6 (0) 

F5 (1) 
p6 

Ps B·BIT 
F4 (1) 

P4 PRIORITY z2 ( 1) 

F3 (1) ENCODER 2' (0) 

F2 ( 1) 
P3 (MC14532) zo (1) 

F, ( 1) 
P2 
P, 

Po 

NOTE THAT THE OUTPUT INDI CATES 
TH AT EXACTLY 5 BITS OF THE 7-BIT 

(b) CODEARETRUE 

8. In general. General-purpose arrays can be formed to detect n/ m 
possible cases; (a) shows the configu ration for 7 bits, which uses 15 

Ms gates (7Y2 packages). For an encoded output, a priority encoder 

(b) is used to get the exact number of true bits in an input word; here 
the output of the array is encoded into a 3-bit binary word . 

In addition to performing combinational logic with 
M5 gates, sequential logic can also be implemented by 
feeding the output of a majority gate back to one or 
more inputs. Figure !Oa illustrates this application for 
both three-input and five-input configurations. As the 
truth tables show, this type of flip-flop will change states 
only when there is coincidence of all inputs. For chang­
ing inputs, the device will hold the state of last coinci­
dence until the opposite coincidence occurs. 

One area where this scheme is useful is in the control 
of UP/DOWN counters. Frequently, when a maximum or 
minimum count is reached, further counting must be in­
hibited to prevent spillover-the counter will change all 
states (all l s to all Os, or vice versa). An example is 
shown in Fig. 1 Ob, where the dual M5 gate detects all Os 
or all ls, for a 32-state UP/ DOWN counter. 

The firs t gate, A, senses whether all ls or Os are 
present from the first 3 bits of the counter. The output 
of gate A feeds back to two of its inputs and one of the 
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9. Correlation is the thing. In this 7-bit five-sample correlation array, the first seven Ms gates on the left vote on the five data-word samples 

81 through Ss. The ma jority state of the five samples of each bit is then compared bit by bit with a test word (test bits 1-7). The over-all corre­

lation factor is sensed by the 11 gates on the right , which sense 4 out of 7 to 7 out of 7 bits in agreement with the test word . 
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10. In sequence. Sequential logic is possible with majority gates by 

feed ing the output of a gate back to one or more inputs. Three-input 
and five-input configurations are shown in (a). In (b), the dual Ms 
gate detects all Os or all 1 s for a 32 -state UP I DOWN counter. 
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inputs of gate B. Only when the remaining two stages of 
the UP / DOWN counter agree with the output of A can 
the output ofB change. 

If the counter is in the UP mode ( 1 on the control 
line), and a maximum count is obtained (all l s), the out­
put of gate B will be a 1, inhibiting the clock and thus 
preventing further counting. On the other hand, if the 
mode control goes low while the clock is still high, 
counting will occur downward on the next clock edge, 
until all Os result. The counter will then be inhibited 
again, thus preventing roll-over. 

The future of majority logic 

Now that majority logic has become economically 
practical through MSI, the function may become an in­
dustry standard. As familiarity grows, the M5 gate will 
be used in applications to reduce package count and 
provide logic that is programable as a result of its own 
decisions or external computer control. Correlation ar­
rays that are useful for character and speech recognition 
are natural applications. 

The symmetry of the majority-logic layout, using 
C-MOS devices, lends itself to high-density packing. By 
using minimum-geometry devices, large majority-logic­
gate arrays of more than 200 gates can be fabricated by 
means of present production technology. Arrays of this 
size could easily usher in whole new philosophies in sys­
tem architecture that would lend themselves to what is 
sometimes referred to as probabilistic processing, where 
many variables are not necessarily 100% true but in­
stead may be mixed with noise or have assigned weights 
or degrees of confidence. D 
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Designer's casebook _________ _ 

Capacitor corrects drift 
for analog data am pl if ier 
by Charles Walton" 
IBM Corp., Systems Development Division, San Jose, Calif. 

Inserting a capacitor in the gain control feedback path 
of an analog data amplifier can provide automatic off­
set voltage drift correction. The drift voltage is stored on 
the capacitor and held to ±0. l microvolt/ 0 C. 

The gain of the amplifier circuit (a), which is intended 
to operate in conjunction with a multiplexer, is select­
able. Junction field-effect transistors are used to imple-
• Now with Proximity Devices lnc .. Sunnyvale, Calif. 
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ment the gain control. Their gate voltage is provided by 
a resistor network that allows the gate voltage to track 
the signal voltage so that errors due to gate leakage cur­
rent are eliminated. 

Between multiplexing cycles, transistor Q1 conducts, 
grounding the amplifier input, and transistor Q2 also 
conducts, making amplifier gain equal to unity. As a re­
sult, the amplifier's de offset voltage occurs at its output, 
as well as at its positive input and at the top of storage 
capacitor C. The other side of the capacitor may be 
grounded. Or, if resistor ~ is relatively small compared 
to the sum of the other feedback resistors, R1 through 
RJ, as is usually the case, then turning on transistor Q5 

effectively grounds capacitor C. The capacitor behaves 
as a battery during the ensuing amplifier cycle. Its value 
is not critical, but should be reasonably large. 

To amplify input signal exi, transistor Qx1 is turned 
on, and one of the feedback ratios (/3) is chosen by se­
lecting transistor Q3, Q4, or Q5 . The feedback signal 
( e0 /3) is added to the drift-corrected signal and ampli­
fied by the factor, I I /3. For example, if input exi is zero 
and transistor Q4 is selected for the desired gain, both 
amplifier inputs will be equal to the drift voltage and 
will be of the same polarity. The amplifier's output will 
then be essentially zero. In fact, even if the drift voltage 
is as substantial as 100 millivolts, the amplifier's output 
will still be kept within a few microvolts of zero by the 
circuit. 

The primary source of drift error is temperature ef­
fects at the amplifier's input. Other sources are compo-

Automatic zeroing. Analog data amplifier (a) holds drift to ±0.01 
µV /°C by storing offset voltage across capacitor C. JFETs are used 
for signal switching and gain selection . With circuit (b) , the drift stor­
age capacitor can be kept out of the feedback path . JFET gate drive 
c ircuit (c) is derived from amplifier output , permitting gate voltage to 
track signal voltage and preventing gate leakage current errors. 
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nent aging, power supply variations, and the offset of 
subsequent amplifier stages. But all these effects are 
slow compared to the amplification cycle time (200 mi­
croseconds, in this case) . Therefore, the data system 
simply needs to adjust the stored capacitor voltage be­
tween amplification cycles or between a group of ampli­
fication cycles. 

Placing bipolar transistors at the amplifier's input, as 
shown in (b), permits the correction capacitor to be kept 
out of the feedback path. (In most applications, this is 
only a minor advantage.) When transistors Qi and Q2 

are on, the amplifier places a voltage on capacitor C so 
that the next amplification cycle is automatically cor­
rected for drift. 

JFETs are used here for gain control, multiplexing, 
and zeroing, rather than MOSFETs, because they have 
more predictable control characteristics, need smaller 
switching voltages, and cost less. Possible errors due to 
JFET gate leakage currents can be avoided by utilizing 
the gate drive circuit of ( c). 

When a JFET is conducting, its gate voltage need only 
be within about 0.3 volt of its drain and source voltages. 
If the gate voltage is slightly less than this, there is a 

High-speed voltage-follower 
has only 1 -nanosecond delay 
by 0 .A. Horna 
COMSA T Laboratories, Clarksburg, Md. 

When a voltage-follower is needed for isolation and/or 
impedance transformation in fast analog circuits, a 
simple emitter-follower can be made to give better per­
formance than an integrated operational amplifier. A 
dual complementary emitter-follower overcomes the 
disadvantages of the conventional emitter-follower-its 
input-to-output offset voltage and its relatively low volt­
age gain. Propagation delay for this complementary cir­
cuit is less than 1 nanosecond. 

The first emitter-follower, pnp transistor Qi, drives a 
second emitter-follower, npn transistor Q2 , so that the 
offset (emitter-base) voltages of these transistors are op­
posite in polarity. The de voltage difference between in­
put and output terminals is therefore very small and 
can be adjusted to almost zero with potentiometer Pi. 
Transistors Qi and Q2 should make good thermal con­
tact with each other to compensate for the temperature 
dependence of their emitter-base voltages. 

Output transistor Q2 is loaded by a variable current 
source, npn transistor Q3 , the base of which is connected 
to the collector of transistor Q1 . For a given bias current 

Fast emitter-follower. Back-to-back emitter-followers, transistors 0 1 

and 0 2, are complements, causing their opposite-pola rity offset volt­

ages practically to cancel. (Potentiometer P1 permits fine offset zero 

adjustm ent .) Transistor 0 3 is a variable-load current source, while 

transistor o. is wired as a diode for 0 3 's temperature compensating . 

Scope display sh9ws superimposed input and output signals. 
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small increase (for an n-channel JFET) in the drain­
source resistance. If the gate voltage is slightly higher, 
the silicon-diode characteristic of the gate-source junc­
tion prevents any error-sized current from flowing. 

The gate drive circuit shown meets these JFET gate 
voltage requirements by employing the amplifier output 
to drive the gates, thereby allowing the gate voltage to 
track the input signal. In the figure, the gate voltage for 
transistor Q4 is obtained from the voltage divider 
formed by resistors RGl and Ra2 . These resistors do not 
have to have tolerances as tight as those of the feedback 
resistors (±5%, as against ±0.02%). 

The high impedance of the gate drive resistors avoids 
loading the amplifier output. There is a pair of divider 
resistors for each value of gain. To turn off a gain con­
trol transistor, a bipolar transistor is turned on, holding 
that JFET's gate voltage sufficiently negative to keep it 
off for all signals. Junction gate leakage current is typi­
cally below 100 nanoamperes, minimizing the possi­
bility of errors. 

General-purpose JFETs can be used for the amplifier 
circuit-ones having a source-drain resistance of 50 to 
200 ohms. D 
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(25 milliamperes here) , transistor Q2 can then deliver 
nearly twice as much current to the load as would be 
possible with a constant-current source. The last transis­
tor , Q4 , is connected as a diode to temperature-compen­
sate transistor Q3's emitter-base voltage. 

When the input voltage goes positive, the emitters of 
transistors Qi and Q2 also become positive. The current 
through transistor Qi decreases, dropping the voltage 
across resistor Ri as well as the current through transis­
tor Q3. The opposite action occurs for a ~egative input. 

The voltage gain of transistors Qi and Q3 can be 
made greater than unity (between 1.1 and 1.2) by ad­
justing the resistance ratio of resistor R2 to resistor R3. 
This compensates for the voltage gain of transistors Qi 
and Q2 , which is less than unity (between 0.9 and 0.95) . 
With an unloaded output, the circuit's total stable volt­
age gain ranges from 0.985 to 0.995, and the output 
resistance is less than l ohm. (The output is protected 
agains t short circuits by resistor~.) 

The scope trace shows the circuit's input and output 
voltages superimposed on each other. With a load re­
sistor of 50 ohms and an output voltage of ±2.5 volts, 

Mark/space demodulator 
employs active filters 
by Michael J. Gordon , Jr. 
Psynexus Systems. Wilmette, Ill. 

If active filters are used instead of LC-tuned circuits, a 
frequency-shift-keyed demodulator can be made 
smaller in size and its performance improved. The ac­
tive filters eliminate the need for bulky and expensive 
inductors. The circuit is designed for demodulating 110-
baud FSK da ta. It operates ill the originate mode, w~ere 
a mark equals 2,225 hertz and a space is 2,025 Hz. 

When a mark is received, filter B, which is tuned to 

1N270 

the circuit's propagation delay is less than l nano­
second, and the rise and fall times are smaller than 2 ns 
without overshoot. The maximum voltage swing is ±4 v, 
the bandwidth is approximately 200 megahertz, and the 
slew rate is over 2 kilovolts per microsecond. 

When the load resistance is less than 200 ohms, the 
circuit's transient response and the bandwidth can be 
substantially improved by adding a speed-up capacitor, 
Ci . However, under a no-load condition, when the load 
resistance is 500 ohms or more, this capacitor can cause 
the circuit to oscillate. 

All four discrete transistors can be replaced by a 
single quad package, Motorola's MHQ600l , which con­
tains two pairs of pnp and npn transistors. Since these 
transistors have a gain-bandwidth product of only 
400 MHz, as opposed to 1 gigahertz for the discretes, the 
circuit's propagation delay and rise and fall times will 
be three to four times longer. 

For the bias currents given in the figure , the de source 
resistance, R;, must be less than 2 kilohms. The circuit's 
input resistance is greater than 50 kilohms for load 
resistances of 50 ohms or more. D 

2,225 Hz, passes the signal while filter A attenuates it. 
The outputs of the two filters are then converted to de 
and compared by an op amp that is operated in its 
open-loop mode. Since the output of filter B is sampled 
by the op amp's noninverting input, the circuit's output 
transistor is kept in saturation so that the circuit loop is 
closed. When the input frequency shifts to a space, filter 
A passes the signal while filter B attenuates it, causing 
the circuit loop to remain open. 

To adjust the circuit, an audio signal is applied at the 
mark and space frequencies, and the desired peak out­
put produced by varying the two 50-kilohm trimmers. 
An approximate peak-to-peak voltage of l.2 volts is re­
quired from a low-impedance source. 0 

Designer's casebook is a regular feature in Electronics . We invite readers to submit original 
and unpublished circuit ideas and sol utions to design problems . Explain briefly but thor­
oughly the circui t's operating principle and purpose. We' l l pay $50 for each item published. 
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+ 
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Going active. Frequency-shift-keyed demodulator contains two active filters , saving space and improving performance over designs that use 
conventional LC-tuned circuits. Filter A passes the space frequency of 2,025 hertz, whi le filter B passes the mark frequency of. 2,225 Hz. The 
op amp operates open loop, summing the filter outputs. For a mark input, the output transistor saturates so that circuit loop closes. 
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P-channel 
J FET 

N-channel 
J FET 

CMOS 
FE Ts 

P-channel 
MOS FET 

N-channel 
MOS FET 

Since 1962, Siliconix has evolved FET technology and applied it to 
a complete range of singles, duals, arrays, and ICs. So what's new? 

Industrial Analog Switch: 
80~ Per Channel 

Now available: analog switches specially selected for industrial control service, 
at per-channel prices as low as 80c (DGSOlCJ) and 90c (DG172CJ) in 1000-unit quantities. 

DG172CJ 

You can't go wrong with our epoxy 
analog switches if you're a designer of 
industrial control circuits. Choose from 
a variety of switch configurations 
and structures: 
• PMOS monolithic-DG501CJ, 

8 channels, break-before-make switch 
action, ± 5 V analog signal range 

• PMOS/bipolar-DG172, 4 channels , 
20 V peak-to-peak signal capability , 
PMOS FETs and bipolars on a 
single chip 

DG501CJ 

All of these FET switch/driver 
combinations are off-the-shelf and at your 
nearest Siliconix distributor right now. 
They're priced to compete with reed 
relays and other electromechanical 
devices-and they switch 1000 times 
faster, last far longer, require less drive 
power and associated hardware, and 
operate directly from industrial 
computer logic. 

Our catalog line of FET analog switches will cover most applications. 
If your switching problems are unique-and whose aren't-

call our applications people . They're eager to help. For complete information 

write for data 
Applications Engineering (408) 246-8000 , Ext. 501 

Siliconix incorporated 
2201 Laurelwood Road , Santa Clara, California 95054 
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$2 50 b 
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a monol-lthi•c ~~e1nter_si1ao43dua1 monol1th1c FET-1nput 
op amp. 

3. 
Each amplifier replaces 
a 7 41 op amp, a dual FET, 
resistors and transistors . 

~ . 

WhV 
assemble 

all the parts? 
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Type 

8043C 
8043C 
8043M 

Order No. 

Buy 'em by the pair. 
Now lntersil's famous monolithic FET­

input op amp comes to you in dual monolithic 
form that brings the price 
down to $5.00 per pair 
in volume, $6.50 
at 100 pieces. 

It's called the lntersil 8043. 
Here's how to order it: 

Temperature Price 
Range Package 100 Pc. 

ICL8043CPE o to +70° C 16 pin plastic DIP $ 6.50 
ICL8043CDE o to +70° C 16 pin hermetic DIP 7.50 
ICL8043MDE -55 to +125° C 16 pin hermetic DIP 18.00 

Type 
8043C 
8043M 

And here's a run-down on typical per­
formance: 

la 
3pA 
2pA 

Vos !:Nos/ 6.T 
20mV 25µV !"C 
10mV 25µV/ °C 

Slew 
Rate 

6V/µS 
6V/µS 

Amp. to Amp. 
Isolation 
100dB 
100dB 

Saves space, labor, parts. 
Each half of the 8043 replaces an ampli­

fier you've had to design using a 741 op amp, 
a dual FET and a bunch of transistors and re­
sistors. You not only save on parts count, you 
conserve real estate and assembly labor as 
well. 

Make sense? You bet. From lntersil , first 
with the 8007 monolithic FET-input op amp, 
and now first with the dual. 10900 North Tantau 
Ave., Cupertino, CA 95014. 
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Get 'em here. 
lntersil stocking distributors. Elmar/Liberty 
Electronics. Schweber Electronics . Semicon­
ductor Specialists. R. V. Weatherford Co. 

lntersil area sales offices. Boston (617) 861-
7380. Chicago (312) 371-1440. Los Angeles 
(213) 370-5766. Minneapolis (612) 925-1844. 

New York (201) 567-5585. San Diego 
(714) 278-6053. San Francisco 

Bay Area (home office) (408) 
257-5450. 

Representatives in all 
major cities. 

lntersil 
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-----PaEt VI of a seEies -----
Minicomputers simplify testing 
of an aircraft's vital functions 

Modular processors are adapted to 11 systems that evaluate airplane 
structures and subsystems, ranging from propulsion capabilities to 

utility of instrument panels-from design through production phases 

by Donald J. Bernitt , Boeing Co , Seattle, Wash . 

0 Minicomputers are being used as the data-acquisi­
tion and data-processing components of modular sys­
tems for testing aircraft structures and systems-from 
research through hardware evaluation. Inexpensive, 
flexible minicomputers conserve the large sums of 
money involved in the design and fabrication of air­
craft, despite the complexity of many of the test proce­
dures. Although the minicomputer may seem to be too 
small for data acquisition or instrumentation on such a 
scale, it is adequate if it is part of a system that is modu­
larly designed for quick hardware-interface modi­
fication and for programing oriented to instrumentation 
engineering. 

At the Boeing Co., the tests are performed, for the 
most part, on subsystems, rather than on complete air­
craft. Evaluations must be conducted on the structure, 
electrodynamics, propulsion, flight controls, and such 
internal systems as electric power and hydraulic actua­
tors. 

The staffs that carry out the tests are concerned only 

1 . 

with the technology of their respective tests- not with 
manufacturing or any particular type of aircraft. And 
each staff has its own laboratory-wind tunnels, engine­
test stands, static and fatigue-test fixtures, and flight­
control simulators, to name a few. 

An instrumentation group designs the measurement 
equipment required in each application, and its person­
nel operate the data-acquisition systems for all the 
staffs. Within the group, a data-systems organization 
develops, designs, and operates the minicomputer-re­
lated functions. 

Boeing chose the Digital Equipment Corp. PDP-8 for 
its test systems because of the minicomputer's size, ca­
pability, cost, and performance reputation. Over the 
past several years, 11 computerized test systems have 
been developed, ranging from structural testing assign­
ments to instrumentation development. 

The latest in the line of evolution is Simcom (Fig. I) . 
In operation for 24 months, Simcom represents the sal­
vaging of a substantial investment in test equipment 
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1. Simcom. This system, the basis for many instrumentation and testing tasks at Boeing, is easily modified for different projects. It is bu ilt 
around the PDP-8 computer (center, under the Simcom sign). A positive-logic converter adapts it to newer interfaces. 

that had been built for a project that was cancelled. The 
system has been designed for a broad range of test func­
tions, including the monitoring of engine performance 
in a remote test facility and evaluation of automatic 
landing-control systems, inertial navigation systems, 
electric-power systems, and electronic filters for control 
systems. 

The key to Simcom's adaptability is a positive in­
put/output-bus converter that has been added to the 
PDP-8. This converter adapts positive-logic hardware 
interfaces fo r use with the original negative-logic ma­
chine, which is now seven years old. 

Case studies 

Simcom's versatility can perhaps be illustrated best 
by four case histories. 

Case I: Evaluating electronic filters and servo­
mechanisms requires tests to be run under varying dy­
namic conditions. Typically, such an evaluation re­
quires a Bode plot, which gives the frequency response 
of the filter in terms of both amplitude ratio and phase 
angle of input and output signals. 

Three Boeing engineers, F . Reichlin, R . Swartz, and 
C.J. Masreliez, invented a Bode interface for the PDP-8 , 
together with the necessary software. Their interface 
generates an input frequency, digitizes as many as four 
output responses, and computes the amplitude ratios 
and phase angles- all in real time . The Simcom setup 
has made hundreds of Bode plots in various on-line dy­
namic tests. The minicomputer can also work off-line 
from analog tapes , provided that certain special record­
ing techniques are used when making the tape. 

Case II: During 1971 and 1972, a series offtight tests 
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COMPUTER SYSTEM MUTATIONS 

1968 - 69 1970 - 71 1970 - 72 

Feature SST flight-
control s 

MST No. 3 development Simcom 

Hardware multiply/ 
divide Yes Ye~ Yes 

High-speed PT punch Yes Yes Yes 

High-speed PT reader Yes Yes Yes 

Digital magnetic tape 
(IBM compatible) Yes Yes Yes 

Core size (words) 12,288 16,384 24,576 

Disk storage !words) 3,072 to 32.768 3,072 to 32.768 3,072 to 32.768 

Card reader No Yes Yes 

Data-acquisition channels 2,000 50 16 

Sampling rate 
(per second) 480 27 ,500 15,000 

(multiple sub-
commutation) 

Digital resolution 15-bit binary 15-bit binary 12-bit binary 
(direct memory 
access) 

Phone-line interface 
modem No No Yes 

Digital plotters 8 6 1 

Language level Machine Machine Focal 
language language Fortran IV 

Program library Paper tape Punch card Magnetic tape 

were performed to investigate several different technical 
approaches to aircraft autom atic landing-control sys­
tems and inertial-navigation systems. Data from the 
automatic-landing tests was recorded on analog mag­
netic tape using conventional fm techniques, and iner-
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2. Power-system analysis. The double trace represents the peak-voltage envelope and the single trace therms amperes under short-circuit 
conditions in a three-phase variable-speed constant-frequency electric-power system for an airplane. Simcom made hundreds of these tests 

in only three months, whereas with conventional techniques, only a few dozen tests could have been made in that time. 

3. Trailer load. One of two mobile test systems evaluates aircraft 
structures at various sites near Seattle. The system is based on a 
PDP-8 minicomputer, visible in the foreground. 

tial-navigation digital data at 10,000 bits per second on 
identical analog tape recorders in a direct digital record­
ing mode. Both tapes were analyzed by Simcom at the 
end of each day's testing. Simcom's analysis was carried 
out in three steps: · 

First, it searched the analog tape for selected test con­
ditions. Second, it sampled 13 analog channels of data, 
acquired under the given conditions, digitized them at 
intervals specified by its program, integrated selected 
data, calibrated the channels, time-correlated the data, 
and added time information that was accurate to the 
nearest millisecond. Then it wrote the results of this 
analysis on a digital tape for further processing by a 
Control Data Corp. 6600 computer. 

Third, working with the digital inertial-navigation 
data , Simcom corrected the pulse shapes and time skew 
across the serially recorded tracks, buffered the serial 
data into parallel code, added timing information, and 
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wrote the results on another digital tape for the CDC 
6600. Simcom also printed selected navigation parame­
ters for a preliminary analysi s. 

Case III: By connecting Simcom through telephone 
lines to a rented teleprinter and modem at an engine­
testing facility in Boardman, Ore., about 300 miles from 
Seattle, engineers are now making computations during 
each test run within minutes after completion of tests. 
Simcom computations involve multiple measurements, 
transducer characteristics, engine-performance equa­
tions, and calibrations. 

The testing process has been substantially improved 
by the prompt reduction of data, which had formerly 
been recorded by a data logger on paper tape that had 
to be physically carried to Seattle for processing. The re­
mote hookup enabled paper tape produced by the data 
logger to be transmitted immediately to Simcom, and 
selected interim computations were transmitted back to 
a teleprinter at Boardman within about two minutes. 

As a side benefit of the remote setup, complete test 
data can be printed out in Seattle, and magnetic tapes 
storing images of the line-printer data are made. From 
these tapes, microfilm records are generated later. 

Before the remote arrangement, none of the results 
were available to the engineers at Boardman until at 
least a day after the tests, or at least until the paper tape 
could have been processed by a computer in Seattle­
leaving test personnel without guidance for further tests 
until processing results could be returned. 

Simcom, its telephone lines, and remote teleprinters 
have also been used for other tests in other locations so 
that mid-test decisions , which were not possible before, 
can be fed back into the testing process. Simcom must 
be dedica ted to each specific test because it does not 
have a time-sharing capability. The engineers on each 
project develop the necessary programs in Focal, the 
DEC conversational computer language. 

Case IV: Analysis of the performance of electric­
power systems is also being speeded up by Simcom. 
Hundreds of such tasks were performed with the mini­
computer-controlled system over a three-month pe­
riod- a task that would have taken years if conventional 
techniques had been used. Test data is recorded on 
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Rising from the ashes 

Simcom's background shows how a good design can 
help save a computer system from obsolescence, even 
when it has been put together from hardware that does 
not reflect the latest state-of-the-art. Simcom was de­
signed and built as Boeing 's third mobile system, MST3, 
modularly designed with some off-the-shelf vendor equip­
ment and some specially built equipment, plus Boeing 
system engineering and programing . 

This modular design is widely used today in many mini­
computers , both within the processor and in the system 
as a whole. In particular, the more recent versions of the 
PDP-8 are modular, so that individual circuit cards, 
memory sections, input-output controllers, and the like , 
can be unplugged from the system without affecting its 
operation beyond the capability of the removed module . 

But although the original PDP-8 , vintage 1965, wasn 't 
built under a modular concept , its architecture didn 't pre­
vent Boeing 's technology department from using the 
computer as one module in MST3, together with twice as 
many channels as were available in MST1 and MST2 and 
eight plotters instead of four . 

The MST3 was used for a year to acquire data from 
static structural tests of the 7 4 7 (before the dynamic fa-

tigue tests described in this article were begun), and then 
graduated to the ill-fated supersonic transport program, 
where it was to be used in developing flight controls for 
the SST. 

This new requirement seemed to demand the capabili­
ties of a medium-size dedicated computer , rather than a 
minicomputer , but a study of cost versus performance re­
quirements and the prospect of the capital investment 
that a new " midicomputer" would require produced a de­
cision to rework the MST3 for the SST. The new inte­
grated system included selected components of MST3, 
some specialized Boeing-built hardware , additional ven­
dor-supplied hardware , and new software . 

But the SST program was terminated just as the hard­
ware for the new test system was complete and before 
the software had been developed. Following termination 
came great pressure to sell or otherwise decapitalize all 
equipment not essential to other ongoing projects . The 
SST test system might have fallen victim to this disposal 
process, but its modular design, retained from the MST3, 
saved it. Only its specialized parts had to be scrapped or 
sold; from the remainder, like the legendary phoenix , 
came Simcom. 

4. Fatigue test. Hidden within the mass of scaffolding is a full-size Boeing 7 4 7, undergoing computer-controlled dynamic fatigue tests. Hy­

draulic jacks subject the fuselage , wings , and landing gear to stresses similar to those encountered in actual operation . 
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analog magnetic tape, along with time-code and cali­
bration standards. This tape is then analyzed by Sim­
com through a special hardware interface built for the 
tasks. The system detects positive and negative peak 
voltages and currents, as well as measuring the time be­
tween successive negative-going zero crossings, on a 
cycle-by-cycle basis (Fig. 2). 

Traditionally, engineers have relied on conventional 
meters and fast chart recorders to evaluate the perform­
ance of electric-power systems. During steady and tran­
sient test conditions, this equipment is used to measure 
amplitude, frequency, phase angle, and power factor. 

But Simcom is proving its worth in a project for the 
design of an electric-power system that will provide a 
constant 400-hertz frequency to all aircraft loads from a 
generator driven by the airplane's propulsion system. 
By customary methods, it would be difficult to deter­
mine how such a system responds to short circuits and 
abrupt load changes. Additional information on various 
power-system tests is contained in the two papers cited 
in the bibliography. 

Perturbations 

As shown in the table, the computer on which Sim­
com is based has undergone a number of significant 
mutations since 1968. These hardware and software 
variations are expected to continue as required for new 
test instrumentation tasks-in most cases, the interface 
logic will be easiest to change. Changes in software will 
be necessary only to respond to the requirements of 
data acquisition, control, and calculation. 

Two of the other IO minicomputer-based test systems 
are installed in trailer vans. These mobile units, ac­
quired for structural testing of several different aircraft 
models, became the basis for the additional systems of 
today. A third was built specifically to test the structure 

STATUS SURV EILLANCE 
ANO INTERRUPT 

Cl RCUITS 

+ 
OPERATOR'S 
CONTROLS PDP·S 

AND COMPUTER 
DISPLAYS DESIRED 

LOAD 
A ~ 

of the Boeing 747 jumbo jet-the strength and fatigue 
resistance of its wings, tail, and so on. Two others are 
used for engine testing in locations that, because these 
tests are noisy, are remote from Boeing's principal man­
ufacturing and engineering facilities and from residen­
tial and other populated areas. 

The two test systems in trailers might be considered 
Simcom's direct ancestors. They are MSTl and MST2 
(for mobile structural test), also designed around PDP-8 
minicomputers for data acquisition and processing. 
They log data from nearly a thousand strain gages and 
thermocouples, which measure impressed loads and 
structural strains during static tests of full-size air­
frames, record the digitized readings on magnetic tape, 
and provide "quick-look" information with a 16-column 
printer and four digital incremental plotters. For final 
results , the magnetic tapes are transferred to a large­
scale CDC 6600 computer. Because these two systems 
are installed in trailers (Fig. 3), they can be used at 
many different sites and are frequently moved within a 
40-mile radius of Seattle. 

Load is computerized 

Full-scale fatigue testing of the Boeing 747 (Fig. 4) 
was controlled by another PDP-8, part of a load-pro­
graming and data-acquisition system designed at 
Boeing. This system includes 86 channels of closed-loop 
electrohydraulic load control, which subjects a struc­
tually complete 747 airframe to stresses equivalent to 
three hours of flight in less than 10 minutes. Stresses in­
clude those impressed by vertical and lateral gusts of 
wind, movements of rudder, elevator, and wing flaps 
during flight maneuvers, taxiing, takeoff and landing, 
and engine thrust. 

Following a sequence specified by the computer pro­
gram, the computer signals the 86 servo controllers to 

MALFUNCTION 
SIGNALS 

FRAME OF TEST STRUCTURE 
'///, '/// /, '/, '////, 

HYO RAU LIC 
86 ANALOG ACTUATOR ...,.. SERVO ...,.. 

CONTROLLERS SERVO t- ------
ERROR 

t- --~ -.---
I I 
I I 
I I 

ACTUAL 

I I LO AD 

LOAD CE LL 
(MEASURES 

STRESS) 
Al RPLANE ::r:::::I: 
STRUCTURE -

l -
ACTUAL DEFLECTION REACTION CELL 

(MEASURES 
DEFLECTION) 

' / '/////'// ////// ///, 

FRAME OF TEST STRUCTURE 

5. Fatigue-test control. The tests pictured in Fig . 4 are imposed by a servo system at controlled times, rates, and amplitudes. A computer 

runs the servos , determines that the actual load equals the desired load , and measures the airframe 's response to each load. 
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GROUND HANDLING 
TAKEOFF 

TAXI IN FLIGHT, VARIOUS CONDITIONS 
APPROACH 

LAND 

WING AND 
FUSELAGE 

VERTICAL 
LOAD 

HORIZONTAL 
LOAD 

ENGINETHRU~I ~~~GR~ouN~DR~UN ~~; ~~~~~~~~~I ,~HRu~nJ~,~~RSA~L ~~ 

MAIN 
LANDING 
GEAR 

6. Test pattern. The full-scale fatigue tests put the aircraft under a wide variety of stresses, a few of which are shown here. Note, for ex­

ample , the change from negative to positive load on the wings during takeoff , and the reverse engine thrust upon landing. 

change the loads they are applying through their actua­
tors to the aircraft. Although the computer can signal 
any such change in microseconds, to apply such a load 
would not be realistic because it wouldn't simulate op­
erational stresses, and it could damage the test rig . 
Therefore the load is changed incrementally along a 
ramp, with as many as 1,000 steps between a minimum 
and a maximum load taken over a period of time on the 
order of milliseconds. 

Then, after arriving at a target load, the computer 
holds that value until the specified load has actually 
been applied and maintained within an assigned toler­
ance- that is, until the hydraulic lag intrinsic in the ac­
tuators catches up with the specified load. Then the 
computer scans all 86 channels for a reading of applied 
loads and resulting deflections, stores the readings, and 
proceeds to impose another load change. 

A block diagram of this control and data-acquisition 
system is shown in Fig. 5, and a plot of a few represen­
tative stresses is in Fig. 6. 

The test rig that accommodates the multiplicity of 
signals encountered in jet-engine testing permits real­
time monitoring of the test. This is another data-acqui­
sition system, designed and built by Boeing as the pro­
totype of a series of modular, standardized instrumenta­
tion systems. 

In the evaluation, many engineering judgments are 
necessary in real time to permit the test to be conducted 
in the most useful way. These judgments must be based 
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on combinations of data from a variety of types of 
transducers, signal conditioners, multiplexers, and data 
converters. The evaluation is complicated further by the 
diversity of signals-both analog and digital outputs­
from these various sources and by their ranges and cod­
ing; the analog signals may range from millivolts to 
volts or be frequency-modulated, while the digital sig­
nals may be pure binary or binary-coded-decimal. 

The PDP-8 used in the engine-test rig has 12,288 
words in its main memory, plus three magnetic disks 
that store up to 32,768 words each; the computer 
presents "quick-look" and final data on a medium­
speed line printer (300 lines per minute) and on an in­
cremental digital plotter, and records its output data on 
11unched paper tape . 

Remaining test systems, not discussed in detail here, 
include a five-channel programed controller, an eight­
channel program assembler that creates program tapes 
for a separate noncomputerized controller, an acoustic 
da ta- reduction station, an acoustic noise simulator, and 
an instrumentation development computer. D 

BIBLIOGRAPHY 
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From the 1nstrumentat1on engineer's point of view· 
L W Catlin , R.A Seeman . O.L. Serres, "S1mplif1ed Dynamic Data Measurements using a 
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126 Circle 126 on reader service card 

Buying your 
carbon coinps 
froin distributors? 

Then here are 
five good reasons 
for buying IRC. 

Delivery. TRW/IRC carbon composition resistors are 
available. A full line of RCR S-level V4, V2, 1 W from 2.7 
ohms to 22 megs is in stock at your local TRW dis­
tributor. If you need his name and address, contact us. 

Quality. IRC carbon comp performance has been proven 
in use by the billions-consumer, industrial and mili­
tary applications. Ours were the first resistors to receive 
hi-rel qualification and are backed by nearly a billion 
test hours-with no failures. 

Price. TRW distributor stock-with the same competi­
tive price for both industrial and mil spec applications 
-is standardized on S-level RCR types (best failure 
rate level available in the industry). 

Packaging. Standard distributor packaging is card pack. 
Cost saving lead tape, body tape or cut-and-formed 
leads can be supplied. 

Complete resistor choice. TRW offers a total resistor 
capability-carbon composition , thin film, Metal Glaze1M, 

wirewound and other types. Broadest line in the busi­
ness. All from one source-your local TRW distributor. 
He'll be glad to work with you on all your resistor 
requirements. 

Contact Distributor Operation, TRW/IRC Resistors, an 
Electronic . Components Division of TRW Inc., 401 N. 
Broad Street, Philadelphia, Pa. 19108. Phone (215) 
923-8230. 

TRW /RC RESISTORS 
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Engineer's notebook _________ _ 

Checking wired-AND gates 
in just one test setup 
by C.W. Moser, Jr. 
Western Electric, Winston-Salem, N.C. 

One of the most difficult types of circuits to test effec­
tively is an array of wired-AND logic gates. But a stan­
dard design aid, the Mahoney map, can be used to de­
termine the best waveform setup for completely testing 
such an array. 

A typical wired-AND configuration is shown in (a). If 
only four different waveforms are to be used for testing, 
the circuit seemingly requires eight test setups and ob­
servations of the output to completely verify that it is 
operating properly. For each of these eight setups, 
seven of the gates must be disabled, and the gate being 
tested enabled with the four waveforms. 

The wired-AND gates are functionally equivalent to 
the circuits of (b). The one highlighted in color is ac­
tually a circuit that sums logic minterms and has a neg­
ative true output. This means that if eight minterms 
that cannot be reduced through Boolean algebra can be 
found, the wired-AND circuit can be completely tested 
with only one setup of the four waveforms by applying 
all eight minterms to the circuit at once. 

A four-variable (A, B, C, and D) Mahoney map (c) 
can be used to find the appropriate minterms. (The 

(a) 

IS ::;> EQUI VALEN T 
TO 

::;> 

( b) 
OUTPUT 

Mahoney map is identical to the Karnaugh map, with 
the exception of the minterm digits.) The map consists 
of 16 squares, each one containing a digit that repre­
sents the minterm equivalent of that square. Eight of 
the squares are marked with a colored X; none of these 
can be reduced with another X-marked square to form 
a simpler expression. 

The logic equation derived from the minterms is: 
X=mo +ma +m5 +m6 +m9 

+ m10 + mi2 + mi5 
or : 

X = ABCD + ABCD + AfiC.1.'5 + ABCD 
+ ABCD + ABCD + ABCD + ABCD 

By applying this equation to. the inputs of the eight 
wired-AND gates, every input and output of every gate 
can be tested with only one setup of four waveforms 
and only one observation of the output. 

This mapping technique can also be applied to other 
forms of combinational logic. The only requirement is 
that the test waveforms be similar to straight binary or 
Gray-code waveforms. 

Moreover, the method can be used to determine 
whether or not a logic circuit has been completely 
tested. To do this, the circuit's Boolean equation (or 
equations if the circuit is complex) is first written as a 
function of the applied waveforms. This equation is 
next mapped on the Mahoney map or any other device 
that will reduce Boolean expressions. If any input can 
be eliminated, the test is not complete. Then, either the 
waveforms must be reassigned, or additional setups 
made that will test the unchecked circuitry. O 

A A 

8 x 1 x 4 

B 2 x 7 x 
B x 11 >< 14 D 

8 8 x 13 x D 

c c 

( c) 

Logic testing. Wired-AND gates (a) are functionally equivalent to the circuits of (b). The one in color can be represented by the Mahoney 

map of (c) . The eight X-marked minterms determine the inputs needed to test the gates with on ly one setup of four input waveforms. 
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DAC differential linearity: 
it makes a difference 
by Ron Gadway 
Burr-Brown Research Corp. , Tucson , Ariz. 

Though digital-to-analog converters are frequently 
found in CRT displays or in digital plotting systems, it's 
not as frequently realized that a specification called dif­
ferential linearity can significantly affect the converter's 
output and the resulting display presentation. 

In a d-a converter, linearity error is usually called out 
as ±Vi the least significant bit (LSB). There are two ways 
in which it is often defined: either as a straight line 
drawn between the end points or as a best-fit straight 
line drawn between all codes. In either case, linearity er­
ror means that the actual output voltage will not vary 
from the ideal output by more than ±Vi LSB. 

But don't count on this specification alone to take 
care of linearity problems. If a d-a converter is linear to 
±Vi LSB, as shown in Fig. 1, its differential linearity can 
still vary by as much as 2 LSB from one successive dig­
ital input code to the next. Differential linearity can be 
thought of as the maximum or minimum increment in 
the converter's analog output for a change between two 
successive digital input codes (for example, from 
1101100 to 1101101). 

Figure 2 shows the outputs of two different d-a con­
verters, one having an unspecified differential linearity 
and the other having a specified differential linearity. 
Both graphs represent the vector form of the monotonic 
output that is produced in response to an increasing 
digital input code. Although both outputs are linear to 
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±Vi LSB, only the converter with a specified differential 
linearity of ±V2 LSB confines all possible linearity errors 
to ±Vi LSB. 

In a CRT display application, the imperfections in the 
output of the converter having an unspecified differ­
ential linearity will be visible and, most likely, intoler­
able. Therefore, when choosing a d-a converter for a 
display, be sure its differential linearity is specified and 
meets design requirements. D 
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Power rating calculations 
for variable resistors 
by Randy Ragan 
Mepco / E/ectra, Inc., San Diego, Calif. 

A variable resistor's power rating is influenced not only 
by the voltage and current applied, but also by the posi­
tion of its slider and the size of its load. The power rat­
ing limits the maximum uniformly distributed power 
that a variable resistor can dissipate at a given tempera­
ture. In effect, the power rating is established by the 
maximum hot-spot temperature that the resistive ele­
ment can withstand when the slider is floating. With the 
circuit labels noted, the maximum unloaded limit can 
be expressed as: 

Wmax = E2 /Rp 
If the variable resistor is used as a rheostat, the volt­

age applied across the unit's terminals must be limited 
to: 

Ernax = (1 - K)(WmaxRP)112 

where (l - K) is the smallest fraction of RP that will re­
main in the circuit at the minimum resistance setting of 
the rheostat. The unit's slider current rating must also 
be respected. For a rheostat, this current is: 

Is = E/(1 - K)Rp 
If the variable resistor is used as a potentiometer and 

is loaded, the power rating must be reduced because of 
the disproportionate amount of current drawn through 
the upper part of Rp and the slider. The degree of de­
rating depends on how large K, the fractional setting, 
may be. Usually, it is assumed that there is no heat 
transfer from the more heavily loaded part of RP to the 
less heavily loaded part. (This is also true for operation 
as a rheostat.) 

Actually, there are two limitations on power rating 

Variable resistor. Slider position and slider current rating must be 
considered when the power rating is being computed. 

I 
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when the potentiometer is operated with appreciable 
loading: power dissipation and slider current rating. 
The voltage across the upper part of Rp can be written 
as: 

E1 = E[Rp(K - K2) + RL(l - K)J/ 
[Rp(K - K2) + RL] 

This voltage may not exceed: 
E1(max> = (1 - K)(W maxRP )112 

where w max is the unloaded power rating of the poten­
tiometer. Therefore, the maximum voltage that may be 
applied to a loaded potentiometer is: 

E = (WmaxRP)112[Rp + RL(K- K 2)]/ [Rp + RdK] 
And the current through the slider is: 

Is = (E - E1)/RL = E/[Rp(l - K) + RdK] 
This value, of course, must not exceed the potentiome­
ter's slider current rating. 

Besides power rating, noise is another important con­
sideration. For a film potentiometer, noise voltage is 
generally assumed to be generated in the signal-return 

. leg. This voltage, therefore, is in series with the active 
portion of Rp and the load. (In practice, only a propor­
tional part of the noise is generated by the active part of 
Rp.) 

The interface between the slider and the film element 
generates a minute voltage because of a thermocouple 
(Seebeck) effect. This thermal emf is roughly propor­
tional to temperature and can frequently be considered 
negligible. The graph indicates typical noise perform­
ance for carbon-film and metal-film potentiometers. O 

Engineer's notebook is a regular feature in Electronics. We invite readers to submit original 
design shortcuts, calculation aids, measurement and test techniques, and other ideas for 
saving engineering time or cost. We'll pay $50 for each item published . 
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Why a 12-blt DAC 

Is better than 

two 8-bit DACs 

Poor common-mode 

rejection rejected 

Jacking, patching 

made easy 

Invisible 

wafer defects 

made visible 

Time-shared Speedy 

helps design 

microwave circuits 

Engineer's newsletter ___ _ 

One snag in digital-to-analog conversion is that you can't improve the 
resolution by summing the outputs of two DACs. For example, an 8-bit 
DAC is often less than half the price of a 12-bit DAC, and two 8-bit DACs 
would seem to offer a potential resolution of 16 bits. But a 12-bit DAC 
produces 4,096 [212] output levels that will be accurate to within plus or 
minus half the least significant bit, or ±I /8 , 192 of full scale. On the 
other hand, an 8-bit DAC provides only 256 output levels, so that an er­
ror of plus or minus half the least significant bit is equivalent to ± 1I 512 
of full scale. This means that an 8-bit DAC, whether singly or in mul­
tiple, will allow errors that are up to 16 times larger than those of a 12-
bit DAC. 

To get better common-mode rejection from those sensitive instruments 
equipped with floating inputs and a guard terminal, don't do what is 
commonly done and short the low side of the input to the guard termi­
nal directly at the instrument. Instead, connect the guard and low-side 
terminals together at the signal source. This creates an independent 
path for the common-mode currents, so that CMRR is improved. 

You'll get even more use out of wire-wrap panels if you exploit the con­
nector potential of the back pins. These pins, being 25 mils square, are 
a handy place to jack in and patch- the more so now that Winchester 
Electronics Group, a division of Litton Systems in Oakville, Conn., will 
supply mating plugs to fit. 

In complex I Cs built on 3-inch wafers, crystal defects are especially 
costly yield-killers. But you can lessen the problem with a family of in­
frared viewers that clip on to any microscope and make it possible to see 
any defect, however deep inside the wafer. The viewers, supplied by 
Electrophysics Corp., Nutley, N.J., are each equipped with an image­
converter tube. The magnified defect is focused on its photocathode 
and then converted into a visible image on a fluorescent screen. The 
only preparation necessary is to remove a wafer sample from the batch 
and decorate it with copper that must be diffused at 950°C and then be 
rapidly cooled. 

Microwave designers can reduce or eliminate breadboarding time by 
using a time-shared computer program developed by Fairchild. The 
program works for a wide range of frequencies-from 10 megahertz to 
12 gigahertz- and includes a data file of S parameters for 24 microwave 
transistors produced by Fairchild's Semiconductor Components 
Group, Mountain View, Calif. 

Fairchild supplies the program along with a complete instruction 
manual free of charge ; users pay only for computer time on General 
Electric's nationwide time-shared network. They also need a Teletype 
terminal connected by phone line to the GE network plus, of course, 
knowledge of the program, dubbed Speedy. Happily, no extensive pro­
graming experience is needed. 
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OUR ANGLE: 
LowCostD/S 
and SID Modules 

FUNCTION LINE-LINE 

SID or RID 11 .8V 

RID 26V 

SID or RID 90V 

SID 90V 

FREQUENCY 

400Hz 

400Hz 

400Hz 

60Hz 

How does a choice of 14-bit resolution, 60 or 400 
Hz data frequency, high accuracy, 11.8V to 90V 
line-line voltages and all kinds of self-protection 
circuitry look from your angle? 
North Atlantic's Series 780 is available now. Only 
5 modules make up a complete SID or DIS con­
verter, and any set nests in an area less than 21 
square inches. 
SID specifications include 3 minutes ± 0.9LSB ac­
curacy, and continuous tracking with low velocity 
errors. DIS specifications include 4 minute accu­
racy, 1.25 VA output and 25 µ.sec settling time. 

TYPICAL DIS MODULE SETS Key performance specifications for both converters 
include 14-bit c.022°) resolution over 360 °, 0-70 °C 
operation and 4000° / sec data rates; Both units are 
DTL and TTL compatible. 

FUNCTION 

DIS or DIR 

DIR 

DIS or DIR -
DIS 

LINE-LINE 

11 .8V 

26V 

90V 

90V 

FREQUENCY 

400Hz 

400Hz 

400Hz 

60Hz 

To shrink your prototype schedule, we offer an 
interconnecting PC board. Or, if you plan to inte­
grate a converter directly onto your own PC cards, 
we can supply proven mylar artwork. 
Any set of modules - $650. Order a set today. 
North Atlantic sales engineering r.epresentatives 
are located throughout the free world. 

NORT::B: ATLANTIC industries, inc. 
200 Terminal Drive, Plainview, New York 11803 Phone (516) 681-8600 
California District Office : 13418 Wyandotte Street, N. Hollywood, CA 91605 ; Phone (213) 982-0442 
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Raytheon Semiconductor Update 

Announcing Monometallic 
Silicon Nitride 
Passivated Glassivated 
Wireless Bonded 
Semiconductors 
in conventional packages. 
Technically speaking that describes 
the new Raytheon Semiconductor 
line of super-ultra-reliable transis­
tors and diodes available for the 
first time ever in standard packages. 
But we simply refer to them as our 
SURE products. They're specifically 
designed for critical applications 
calling for extremely reliable per­
formance, or for operation under 
the most severe environmental 
conditions. 

The SURE packaging innova­
tion combines the latest advance­
ments in beam lead technology with 
assembly techniques that are truly 
state-of-the-art (and that's not just 
the usual cliche) . In this unique 
process there are no "flying" wire 
interconnections between the ter­
minal post and the silicon chip. 
Instead, external leads for the base 
and emitter are formed to permit 
bonding directly to the beam leads 
of the device. Both collector beams 
are common to and bonded directly 
to the header. 

This means there are two less 
interconnections than a standard 
transistor to worry about. Another 
plus factor: The bonds are the gold-

132 

to-gold compression type, well 
known for their excellent reliability. 
So you end up with a device that's 
capable of much higher operating 
temperatures, higher shock, g's and 
vibration than comparable die­
mounted semiconductors. (And 
we've yet to reach the ultimate 

Actual scanning electron microscope picture 
of a SURE transistor mounted on the newly 
developed T0-18 header. 

limits in these areas. Not an idle 
brag, but a fact.) 

The beam lead chip is, of course, 

silicon nitride surface passivated. It 
does not require additional sealing 
to protect the surface of active sili­
con from contamination. And if you 
are a real purist, you can specify 
beam leads that are glassivated over 
the metalization. 

As you can see in the actual 
scanning electron microscope pic­
ture, the unique, perfectly shaped 
edges of the chip form a precise 
54-degree angle with the vertical. 
This is a result of Raytheon Semi­
conductor 's exclusive V-ATE process 
which ensures more accurate, repeat­
able separation of chips without the 
inherent stress producing scribe-and­
break or irregular etch methods 
commonly practiced. In this way we 
can also maintain a thicker, more 
rugged device with superior thermal 
characteristics. 

At present Raytheon Semi­
conductor SURE products include 
bipolar PNP and NPN transistors 
and switching diodes. They are 
available in a T0-18 3-lead metal 
can and a T0-86 14-lead quad­
transistor flat pak. 

SURE products are without a 
doubt the highest quality semi-
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conductors of their kind ever built. 
In fact they're so good that maybe 
Monometallic - Silicon - Nitrid e -
Passiv a ted-Glassiva ted-Wireless 
-Bonded-Semiconductors is a more 
deserving name. But for o ur sales­
men's sake if you want more informa­
tion on Raytheon Semiconductor's 
new super- ultra-reliable transistors 
and diodes, just ask us for SURE. 

Reader Service No. 231 "l 

RAYTHEON SEMICONDUCTOR 

The cover for the new Raytheon 
Semiconductor linear catalog really 
says it all : TOTAL LINEARS. That 
sim ply means ~e can fill 9 o ut of 10 
of your needs for linear integrated 
circui ts. 

For example, Raytheon Semi­
conductor offers more than 50 op 
amps, a half-dozen wideband amps, 
16 voltage regulators, two-dozen 
comparators and sense amps, 19 line 
drivers and receivers, as well as 
assorted memory drivers and low 
power audio amps. 

Many of these linear devices are 
proprietary with Raytheon Semi­
conductor. Like the 1556A Beyond 
Super Beta Op Amp. Or the new 
4194 adjustable and 4195 fixed 
voltage regulators you've probably 
read about . And the only true Quad 
741 High-gain Op Amp; we call it 
the 4136. 

Also we have a score of linear 
chips and beam lead circuits you 
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won't easily fi nd elsewhere . 
So that you can easily choose 

the right linear IC for a particular 
application, we've included special 
Selection Guides that give you a 
quick way of comparing key para­
meters of similar devices within each 
product group . 

To get your personal copy of 
this new comprehensive 192-page 
catalog, send us your request on 
your company's letterhead. And for 
one-stop-shopping for your total 
linear IC needs, contact your nearest 
Raytheon Semiconductor salesman, 
representative, or franchised 
distributor. 

New Low-level Audio Amp 
Doubles Battery Life 

Raytheon Semiconductor is 
now producing a new low-level 
audio amplifier that outperforms 
any th ing in its class . Designated 
the 8341, it's ideal in battery 
powered circuits such as hearing 
aids, remote microphones, tape pre­
amps, and other milliwatt amplifier 
applications. 

The quiescent current of the 
8341 is only 0.5mA. So you'll get 
twice as many hours from your bat­
tery supply than you would with a 
similar device. The vol tage gain is 
a heal thy 70dB - even over a supply 
voltage range of l.IV to l.7V. And 
the to tal harmonic distortion is only 
1%. What's more, it has AGC with a 
dynamic range of 30dB. 

From a design standpoint, the 
firs t and second differenti al gain 
stages are biased with current sources 
that are independent of supply volt­
age changes. So you can expect less 
than a 2dB change in gain over the 
entire battery life cycle. The output 
stage is a single-ended class AB type 
to minimize battery current drain. 
It's also biased to provide a maxi­
mum AC output swing of plus or 
minus one-half of the supply voltage. 

With an external resistor you 
can set the maximum gain below the 
nominal 70dB level. Or if desired, 
you can vary the gain by means of 
an external volume control. 

~AYTHEON) 

The AGC threshold is adjust­
able by means of an external resistor, 
and its transient response is deter­
mined by a small external capacitor. 

RV 

8341 Low-level Audio 
Amplifier with AGC. 

Don't put a drain on your next 
low-level audio design requirements. 
Ask a Ray theon Semiconductor 
salesman, representative, or distrib­
utor about the new 8341. 

Reader Service No. 232 

54R/74R: 
The Hot Ones 

As you know, Raytheon Semicon­
ductor is a reliable second source 
for the 54/ 74 MSI line. However, we 
also offer our own version with an 
"R" designation. 

The " R" version gives you 
higher performance but with no 
change in price or operating re­
quirements. Take for example the 
comparison of some important para­
meters between these popu lar 
counters and shift registers. 

fMax. 
t pd 

Average 

54/74192, 193 35MHz 44ns 

54R/74R192, 193 45MHz 31ns 

54/74194, 195 25MHz 24ns 

54R/74R194, 195 55MHz · 19ns 

We have a new catalog describing 
more than 30 other 54R/ 74R devices. 
It's yours for the asking. Just contact 
a Raytheon Semiconductor sales­
man, representative, or franchised 
distributor. And if you want a hotter 
54/ 74, put an "R" on your next order. 

Reader Service No. 233 , 

Ray theon Semiconductor, 350 
Ellis Street, Mountain View, Cali­
fornia 94042. Phone (415) 968-9211. 
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THE WORLD'S 
MOSTPOPULAR TRANSDUCE~ 

Take a look at the most 
popular transducer in the world. 
A pretty face with talent. Better 
known at Bell & Howell as "The 
Old Pro". And better known 
to our customers as 4-326. 

By popular we mean 
most purchased. And most used. 
And most asked for by test and 
instrument engineers. 

Does that make 4-326 
the best transducer In the world? 

In its field. In its range. Within its performance limits, 
test engineers in every industry say "Yes, it's the best." 

Number 4-326 is one helluva trans-
ducer. A high perform­
ance, general purpose, 
unbonded transducer. 
With a 40 milivolt 
output and an uncanny 
ability to deliver super­
ior performance in en­
vironments at temper­
atures ranging from 
- 320°F to +300°F . 

Our transducers get around . . 
For over ten years, the "Old Pro", 4-326; has 

been satisfying customers in every field. In every test 
condition known to man: From below the earth's 
surface to the outer limits of space. 

Yet for every "mister popular" with spectacu­
lar credentials, Bell & Howell has quite a number of 
not-so-well-known transducers with the same blood­
line, the same impeccable credentials. 

Each of our "lesser knowns" has made it 
through field-test conditions. Under fire. Under 
pressure. And each and every one of our transducers 
has passed the test expected of it by its user. 

Sometimes we go overboard. 
Our transducers are no strangers 

to unusual environments. Take number 
4-366, (also known as "Frogman"). This 
easy-to-install, easy-to-use, general purpose 
pressure transducer is totally at home under 
water. Its polychloroprene/ polyolefin 
cable makes it completely waterproof to 
600' depths. 

This little piece offers 40m V direct output, 
comes in an all-welded stainless steel case, and is 
salt water compatible. Naturally, it's been factory 
quality-control tested and comes with a calibration 
certificate. 

We'll go to any extreme. 
Airborne missiles and rockets, test stands, 

aircraft maintenance and control, cryogenics- are the 
areas where you'll find number 4-356,our high 
accuracy transducer 
(0.25 % ). 

Its wide tem­
perature range, all­
welded pressure cav­
ity; and heat-treated, 
stainless steel case and 
diaphragm, make it 
impervious to harsh 
environments including corrosives. With this rugged 
little 2.5-ounce performer you can be damn sure of 
superior performance in the areas where it counts : 
accuracy, durability, size and weight. 

Our long suit. 
We make more than 400 types of transducers. 

That's right. More than 400. In every size, shape, 
mounting configuration, and pressure range. 

You see, we've designed and produced trans­
ducers at every performance level including the highest 
level. And at every price level including the lowest low. 

We deliver. And we mean fast. 
Perhaps the best news of all is our product 

availability story. Because, our story is short and 
sweet: Select any one of the 52 varieties of the 4-326, 
and we'll ship within 24 hours. To order, call collect, 
(213) 796-9381. 

We're rewriting the book. 
It's true. We are rewriting the book, 

the Bell & Howell Transducer Encyclopedia. 
To be published this fall, it will be the 
most comprehensive study ever. Want to be 
a contributing editor? We will pay $25 for 
every article, case history, or personal ex­
perience accepted by the editor by Aug. 31, 
1973. Write, Encyclopedia, Bell & 
Howell, CEC/ lnstruments Division, 360 
Sierra Madre Villa, Pasadena, Ca. 91109. 

BELLe;HOWELL 
WE'RE REWRITING THE BOOK. © Copyright 1973 Bell & Howell 



What more can you expect from 
Carpenter soft magnetic alloys a month from now? 

In a word-uniformity! Of that you can be sure. 
Because Carpenter specializes in making alloys 
consistently uniform, time after time after time. 

It means that next month you'll still be getting 
the best soft magnetic alloys available anywhere 
... the best for two reasons: First, Carpenter 
offers you the widest range of alloys and prop­
erties from which to choose . . . from the purest 
commercial iron to high permeability alloys such 
as High Permeability " 49" and HyMu " 80" as 
well as Hipernom for shielding ... plus silicon 
core irons . . . a wide range of nickel-iron alloys 
.. . ferritic stainless steels. You name it! 

Secondly , Carpenter alloys are made to give 

optimum performance for a single specific fab­
ricating process: photoetching, deep drawing, 
stamping , spinning, hydroforming , machining , 
forging, brazing , or whatever. You just tell us 
which one you use. 

So what more can you expect from Carpenter 
soft magnetic alloys? More of the same-uni­
formity and confidence-order after order . . . 
backed by complete technical assistance and 
prompt service to meet all your magnetic alloy 
needs. Call your nearest Carpenter Service Cen­
ter today, listed in the yellow pages. Carpenter 
Steel Division , Carpenter Technology Corpora­
tion , Re~ding , Pa. 19603. European Office: 51 , 
square Vergote, 1040 Brussels, Belgium. 

r-eJR-C.::~u1CARPENTER 
\S.....,.~R:lllliiiiiiillll~iiin...,. TECHNOLOGY 
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You can change circuitry. Add new functions. 
Advance performance or improve it. You can 
develop the whole new system concept you want. 
Or part of one. You can have it cost far less to 
produce and far less to service. 

Yes, your great ideas can fly with new PGB Series 
Connectors from Winchester Electronics ... 
creating the new freedom and flexibility you need to 
solve design problems quickly. PGB Connectors 
mean you don't delve into dense, busy wiring to 
make a change. Or face a complete rework of the 
back panel. Or put up with the bulk, weight and cost 
of adding special connectors to the panel edge 
(where critical signal problems may be lying in wait, 
anyway). 

You don't, because PGB Connectors move you up to 
the Z3 level of the wrap posts: where you can make 
effective, solid, direct input/output connections, or 
work in random jumpers or patchboard solutions 
anywhere on the back panel! 

Winchester Electronics has PGB Connectors to suit 
Circle 136 on reader service card 

your needs. In configurations up to 51 positions. Ir 
.100 x .100, .125 x .125, .100 x .200, and .125 x .250 
double row grids ... and in .100and .125singlerow 
spacing. All utilize our crimp removable contacts 
that accept 20 gage to 30 gage wire sizes. And we 
have the hand crimping (and removal) tools you wan 
... or a 1000 terminations/hour Automatic Crimpin! 
Machine to speed your production . 

PGB. Compact, effective, economical connections 
on the Z3 level. Solutions to problems in design, 
production and in the field. New ways to advance 
your system designs. Check into Winchester 
Electronics PGB Series Connectors, now. Your 
creative imagination as a packaging engineer is the 
only limit. Write for complete details and 
specifications, today, to: Winchester Electronics 
Division, Main Street & Hillside Avenue, Oakville, 
Connecticut 06779 (203) 274-8891. 

rn WINCHESTER ELECTRONICS 
Litton 



New products ___________ _ 

Counter operates to 1 gigahertz 
Top of the line in Dana series is aimed at new land-mobile 
communications band; family includes four models starting at 50 MHz 

by Paul Franson, Los Angeles bureau manager 

Best known for its digital voltmeters, 
Dana Laboratories of Irvine, Calif., 
is diversifying its instrument-market 
image with a family of frequency 
counters, competitively priced units 
that count as high as l gigahertz. 
The I-GHz counter, priced at $1,650, 
counts directly to 250 megahertz, so 
its internal prescaler needs only to 
divide by four in order to reach the 
I-GHz level. 

Older counters used heterodyne 
techniques, as do higher-frequency 
units made by Dana's sister com­
pany EIP Inc. The 1-GHz ceiling is 
especially significant because of the 
opening of a new land-mobile com­
munications band at 900 MHz. This 
new band will likely set a new 
plateau for counters, just as the 450-
to-470-MHz land-mobile communi­
cations band has stimulated produc­
tion of many counters with 500-MHz 
ratings. 

Dana's new line consists of four 
units, the 7799 for 1 GHz, the 7750 
for 500 MHz, the 7720 for 200 MHz, 
and the 7705 for 50 MHz. The count­
ers are modular, with the 200-MHZ 
unit adding prescalers and ampli­
fiers to reach the higher ranges. The 
least expensive unit, the 7705, costs 
$565. Dana's present counters are 
relatively high-priced, but James 
Helfrich, marketing manager, ex­
pects the new competitively priced 
counters to double the company's 
counter sales within the next year to 
18 months. 

Because the mobile-communi­
cations market is expected to ac­
count for a large part of the sales of 
Dana's new counters, company en­
gineers carefully researched cus­
tomer requirements before and dur­
ing development. Arch Conway, 
counter product manager, says they 
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found that users needed a sensitivity 
of at least 25 millivolts rms, even at 
1 GHz; otherwise, inconvenient ex­
ternal amplifiers are needed. 

To be on the safe side, the count­
ers were designed to have 10-mv 
sensitivity on the 50-ohm uhf inputs 
for 500 and 1,000 MHZ. For the 1-
GHz version, a commercial amplifier 
is used, with a Dana design used for 
500 MHz. Like other parts of the cir­
cuit, this amplifier design is used in 
other Dana counters now on the 
market. The 1-GHz prescaler is a 
Plessey monolithic emitter-coupled­
logic circuit, whereas the 500-MHZ 
divider is a Dana discrete design. 
Measurements to 10 Hz at 1 GHz re­
quire 400 milliseconds; it takes half 
that long at 500 MHz. 

To simplify use of the units, the 
50-ohm uhf inputs include auto­
matic gain control with more than 
40-decibel range. The age, again 

used in earlier counters, employs 
p-i-n-diode attenuators. "Nothing is 
more frustrating," says Conway, 
"than applying a signal to the 
counter and not have it count prop­
erly." 

In addition, the age reduces false 
counting, which can exist with noise 
superimposed on a strong signal. If 
a simple clipper were used, it might 
detect the noise as a signal. A front­
panel in-range light indicates when 
the input signal is large enough to 
be counted accurately. If the light is 
not on, the uhf channel is discon­
nected, and only the high-imped­
ance, 200-MHz input is enabled. 
Maximum input to the 50-ohm 
channel is 5 v rms; optional over­
load protection is available. 

The 200 MHz section of the 
counter uses ECL in the first decade 
and transistor-transistor logic in the 
next decade, followed by a five-dee-

Head of family. The 7799 counts to 1 gigahertz, covering new land-mobile frequencies . 
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GRH{}for 
IF c:Amplifiers 

LOGARITHMIC IF AMPS 

MATCHED I F AMPS 

CATALOG I F AMPS 

CUSTOM I F AMPS 

••• 1:. 

LIMITING IF AMPS .: ~ . =~ '' . . ' 

LINEAR I F AMPS 

LOW INTERMOO IF AMPS 'i!RHGQ;. ~: Ii-

Over the years the industry has come to depend upon 
RHG for a steady stream of innovations and improvements 
in its various product lines. 

This year is no exception, and in the IF Amplifier line 
alone RHG is offering 

•A new line with "IF output only" at $295.00 
•A new line of Hybrid IC Lin & Log IF Amps 
• A new line of constant phase shift limiters 
•A new line of IC preamps in < 1 cubic inch 
• A new line of highly accurate & super stable log amps 
• 33 new features / improvements/reduced prices 

WRITE FOR DETAILED TECHNICAL DESCRIPTION AND 
LISTING OF STANDARD MODELS. 
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ade MOS chip for the remaining dividers. The first ECL 
stage is Motorola's MECL III, and MECL lOK is used 
in the rest of the decade. The 200-MHz high-impedance 
channel has a manual sensitivity adjustment for max­
imizing signal-to-noise operation. For general use, 50-
millivolt sensitivity is considered adequate, Conway 
says. 

A seven-digit light-emitting-diode display is stan­
dard, with an extra digit optional. The power supply in 
the uhf versions is built from a highly efficient, modular 
switching design for minimum power consumption. The 
instruments operate from standard 110- or 220-v sup­
plies. Market research indicates that everyone likes the 
idea of battery operation, but few have applications 
worth its cost, as evidenced by lack of a market for suit­
able batteries. 

The clock circuit in the counters uses a Mostek eight­
decade MOS divider chip. An inexpensive clock oscilla­
tor is included, with trimming adjustment accessible 
from the back. This minimum clock is provided, since 
many users prefer to maintain their own standards on 
production lines using many counters, but an optional, 
high-stability temperature-compensated crystal oscilla­
tor can plug inside the instrument if it is needed. Ac­
curacy is to within ± 1 count plus the accuracy of the 
time base. 

Accessible. For mechanical assembly of the unit, the 
top and bottom pieces are identical cast aluminum 
"clam shells" that are attached by slide latches. The top, 
which contains the modular power supply, can be re­
moved without any tools, and the conductor side of the 
single circuit board is accessible by removing a single 
screw. The counter operates without the cover, and no 
extender cards or cable are required. All integrated cir­
cuits plug in for ease of maintenance. For the lower fre­
quency ICs, sockets are used, with special individual 
socket jacks for the critical high-frequency ICs. 

The counters are 8 inches wide (half-rack), 3Vi in. 
high, and 11 in. deep. They weigh 8 pounds. BCD out­
put is optional. Delivery time is 45 days for the 7705, 
7720, and 7750; 60-90 days for the 7799. 
Dana Laboratories , 2401 Campus Dr ., Irvine, Calif. 92664 [338] 

Easy maintenance. "Clam shell " packaging of counter, with power 

supply in top half of case, makes it easy to service instrument . 
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NorP.lex ... your reliable 
hand for printed 
circuit boards right on 
through turn-on time 
Just the right laminates to handle your applications. Just the right team to help 
assure they keep on performing, right on through turn-on time. That's Norplex. 

Because reliability is what Norplex is all about. In finest-quality, true-to-specs 
printed circuit board materials. And in customer service through Norplex 
representatives who are more than just salesmen. They are laminate specialists 
who want the job done right •.• your way. 

And Norplex can offer you a wide choice of grades, foil thicknesses and sheet • 
sizes ... the widest in the industry. Plus a research and engineering staff geared~· • • •• • 

They're available when you need them. • .:. • •• • 
to designing laminates with special properties for unusual applicatipns. t111· . · · · 1;s 

. . . 
With plants in both Franklin, Indiana and La Crosse, Wisconsin, · • • · • • • •• • •• 

Norplex has the answers for all your printed circuit board • ·• • • 
requirements. Start the Norplex team working for 

you by calling or writing for our latest literature. ~-if!~~iilEI 
Norplex Division, UOP (Universal Oil (;: 
Products Company), Norplex 
Drive, La Crosse, Wisconsin 
54601. Telephone: 
608/ 784-6070. 

Norplex®laminates 
byuop 

© 1973 UOP 
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EA fires up new RAM production facilitlt 
Electronic Arrays just 

invested $1,00Q~OOO to boost 
production of l\J::.<:hannel 
MOS memories. A newly­
built production facility 
devoted exclusively to 
N-channel RAMs came 
on-line in May. 

That means you'll soon be 
able to get ample supplies 
of the fastest, easiest-to-use 
1024-bit MOS RAMs on 
the market. 

Circle 140 on reader service card 

Like EA1500, which has 
guaranteed access time of 
85 nanoseconds (0° to 70° C), 
automatic refresh and low 
power dissi potion-typically 
160 mW in action, 11 mW 
on standby. 

And EA1501, which 
combines 150 nsec maxi-
m um access with a very low 
65 mW typical power 
dissipation. 

Or EA1502, the bipolar-

compatible MOS RAM that 
accepts standard TTL inputs 
without external level 
shifting. 

Keep an eye on Electronic 
Arrays. We're coming 
through strong on N-channel 
in 1973. 

Electronic Arrays, Incor­
porated, 501 Ellis Street, 
Mountain View, Calif. 94040. 
Phone ( 415) 964-4321. 

electronic arrays lIBJ 
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Shielded-wire connector saves time 
Compression-type device requires only 10 seconds to link pigtail to shield; 
three sizes can handle diameters ranging from 0.055 to 0.205 inch 

by Stephen E. Grossman, Packaging & Production Editor 

Shielded wiring including coax has 
long been a plague to manufac­
turing engineers because most 
methods of preparing the braided 
wire shield for termination take as 
long as 50 to 90 seconds. But 
Thomas & Betts has developed a 
connector that enables a short pig­
tail to be connected to the shield, 
and assembly time is only 10 sec­
onds. This connector is unique in 
that it forms to a predetermined clo­
sure holding the pigtail securely in 
contact with the shield-no solder­
ing is required. Thomas & Betts 
claims that the installed per-unit 
cost of the connector, called the 
Shield-Kon wrap-around, is lower 
than that of any other crimp-type 
connector. 

To install the Shield-Kon wrap­
around connector, any outer cov-

ering is removed from the cable end 
to expose the braid. The braid is 
trimmed back sufficiently to provide 
a stripping margin between the in­
ner conductor and the braid. The 
connector is then placed over the 
cable, the ground wire is added, as 
shown in the drawing, and the con­
nector is closed by hand. Final clo­
sure to a predetermined diameter is 
performed by either a hand-held 
compression tool or a bench­
mounted press. These tools provide 
the rolling action for proper connec­
tor formation-once the stroke is be­
gun, the die will not release the con­
nector until the connector is 
properly closed. 

Three connector sizes, in both in­
sulated and uninsulated versions, 
are being marketed. These handle 
cables with shield diameters ranging 

from 0.055 to 0.205 inch. Thomas & 
Betts says that these three sizes re­
place the six to 30 sizes that would 
have to be stocked with other com­
pression-type connectors. 

A die set is required for each of 
the three sizes. As the die closes, it 
hardens the soft annealed copper 
body of the connector so the con­
nection becomes permanent- the 
connector can't be removed from 
the cable without being destroyed. 

The connector's usefulness is not 
confined to the ends of a cable, for it 
can be attached anywhere along its 
span. Since its over-all diameter is 
small, it offers a space saving of up 
to 50% over other crimp-type con­
nectors . 

There are a number of alternate 
techniques, but these, besides being 
time-consuming, can cause damage 

In 1 O seconds. Ground wire is installed (upper left), connector is hand-compressed (upper right) and then machine-formed (lower right) . 
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When you see this 

1HDMCAT 
:::::::=- -=:::: 

symbol it means the 
company has its catalog in 

Thomas Register 
When a manufacturer uses the THOMCAT sym­
bol In his ads and literature, it means his catalog 
is in the THOMCAT volumes of Thomas Register. 
And THOMCAT contains detailed catalogs from 
hundreds of manufacturers of all types cit products. 

Look for the THOMCAT symbol - it will save you countless hours in 
product searches - eliminate writing away for data and waiting weeks. 
Next time you need catalog data, let THOMCAT be your guide. 

Thomas Register 
Thomas Register Catalog File 

~CAT 
461 Eighth Avenue, New York , New York 10001 

C ircle 142 on reader service card 

Every Hansen synchronous timing 
motor is built tor a designer like you. 
To specific requirements, ·with our 
confidential help. 

We have several thousand models 
designed, tooled, and ready-to-build 
in any quantity. In five major styles. 

Many speeds. Torque from 8 to 98 
oz.-in . at 1 rpm. All competitively 
priced. 

Add Hansen to your design staff. 
call or write for complete specs, or 
contact one of our representatives 
below. 

HaQSen Representatives: ear., & Associates, Houston and Dallas, Texas; 
R. S. Hopkins Co., Sherman Oaks, Calif. ; Melchior Associates, Inc., 
San Carlos, Calif.; The Fromm eo:, River Forest, Ill.; John Orr Associates, 
Grand Rapids, Mich.; H. C. Johnson Agency, Inc.; Rl>chester, N. Y.; 
Wins.low Electric Co,, Essex, Conn.; Kiley Electric Co., Villanova, Pa.; 
and H•rbert Rude Associates, lnc., Teaneck, N.J. 
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to the shield wires or to the dielec­
tric sheathing of the inner conduc­
tor. One of the traditional methods 
is to comb the weave out of the 
braid and twist the fine wires to 
form a lead. Another is to enlarge a 
hole in the woven shield and push 
the insulated inner conductor 
through the shield, which becomes a 
pigtail that can then be connected. 
Soldering, which is often employed 
with these techniques, can cause 
damage because the heat conducted 
by the shield can harm low-tem­
perature plastic dielectrics like poly­
ethylene. (A Teflon tube is often in­
serted between the inner dielectric 
and the shield, but this adds time 
and material costs to the assembly 
process.) 

Trial. Electrical, environment and 
physical tests were performed in ac­
cordance with military and commer­
cial standards to assess the perform­
ance of the connector. To test tensile 
strength after a temperature cycle 
test, the cable was grasped in one set 
of jaws in a test machine, and the 
pigtail ground wire connected to the 
cable by the Shield-Kon was 
grasped in the other set; the connec­
tion was then pulled to destruction 
at a head travel rate of one inch per 
minute. The tensile values exceeded 
15 pounds for a #22 stranded 
ground wire and 19 lb for a #20 
stranded ground wire. Insulation 
tests on the insulated version indi­
cated that the breakdown voltage 
exceeds 500 volts ac. 

Vibration tests performed in ac­
cordance with MIL-STD-202, method 
201 , were run on 6-inch cables, with 
the connector and the shield secured 
to a vibrating member and the 
ground wire secured to a stable sup­
port. After testing, the samples met 
the voltage-drop and tensile­
strength requiremems. 

Another test evaluated the im­
pedance variation caused by crimp­
ing a connector midway in a 3-foot 
coaxial cable. Thomas & Betts says 
that the BNC connector at the cable 
ends, and irregularities in the cable 
construction, caused more imped­
ance variation than did the Shield­
Kon. 
The Thomas & Betts Co., Elizabeth , N.J .• 

07207 [339] 
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LSI users! Now you ccin hcive full 
confidence in your devices with the 

Mcicrodcitci M0-104 cind M0-100 LSI testers! 

The MD·104 A 10-MHz LSI 
test system capable of 
functional t est ing of both 
MOS and bipolar devices , 
inc lud ing sh i ft registers 
and ran dom log ics 
as we ll as high- speed 
memories like t he ECL's. 

Look at the big capabilities of these small , easy-to-operate 
LSI testers. They test RAM 's, RO M's, shift registers, random 
log ic devices . . . bipolar or MOS . .. LSI, MSI , or SSI. They 
test the special new circuits for the electronic watches and 
clocks, for automotive applications, the single or multiple 
chips for the new calculators - and they can handle board 
testing as well. 
They do it all - at your plant, in your lab, on your produc­
tion line . .. for incoming inspection, for quality control, for 
engineering evaluation. If you want to fully exercise an MOS 
memory with such famous Macrodata test programs such 
as WAKPAT, GALPAT, GALWREC, MASEST, etc., look no 
further than this twin pair. Or if you want to put your bi­
polar's - even EC L's - through a true 10-MHz workout, 
take the measure of the MD-104. Ask also about its random 
logic capability. 
Nowhere else will you find such enormous testing capa­
bility in such small easy-to-operate test systems with such 
low price tags. Take comfort too in the fact that there are 
more MD-100's in the field testing LSI circuits than all com­
petitive instruments combined. For more information or to 
place an order just call us directly. 

Mcicrodcitci 

The MD-100 A 5-MHz 
memory exerciser that is 
now the standard bearer of 
the ind ustry for functiona l 
testing of both bipolar and 
MOS devices, incl uding 
shi ft registers and 
random logics as well as 
memories. Prices sta rt at 
under $10,000. 

! 1. r;"d ol P'om;,., "om lho •l•o~mn•' Thon "momb« -
~ .. when you're in a jam, call your Macrodata man! 

~ .® 
Macrodata Corporation, 6203 Variel Avenue, Woodland Hills, California 91364, Phone: (213) 887-5550, Telex: 65-1345 
Sales Offices: Northern Ca lifornia Area Tel. (408) 735-9560 •Southwestern Area Tel. (213) 644-3611 • We st/Central Area - Denver Tel. (303) 934-5505 • 
Scottsdale Tel. (602) 947-7841 • Albuquerque Tel. (505) 299-7658 • Dallas Tel. (214) 23 1-2573 • Houston Tel. (713) 621·0040 • Minneapolis Area Tel. (615) 
63~·1770 • Chicago Area Tel. (312) 455-51 00 • Cleveland Area Tel. (216) 461-8333 • New York and New England Area Tel. (914) 962-7797 • Southeast Area 
Te(. (205) 883·0140 • International : Wes t Germany - Munich Tel. (0811 ) 34 56 00 Telex : (841 ) 521-5969 • Miian , Italy Tel. 871-988/899-248 Telex: (843) 
34314 • Sweden and Norway - Stockholm Tel. (08) 87 03 45 •Switzerland and Austria - Bern Tel. (031) 22 44 81 Telex : (845) 33172 • Tel Aviv, Israel Tel. 
25 55 69 • Tokyo, Japan Tel. (03) 985·5266 Telex : (781 ) 272·2171 • Buck inghamshi re, England Tel. High Wycombe (0494) 36 3 81 Telex : (851)837236 
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New products 

Components 

Chip resistors 
save a bond 

Back contacts on thin-film 

high-resistance units connect 

directly to circuit points 

On a substrate area that measures 
only 20 by 20 mils, resistance values 
as high as 1 megohm are provided 
by a new family of thin-film chip re­
sistors. The chips are made with tan­
talum-nitride film, a very stable ma­
terial that is relatively unaffected by 
moisture and does not require glass 
passivation. 

Unlike other chip resistors, the 
series BCR units have a back-con­
tact configuration and require only 
a single wire bond. (The chip has 

CM4·20 

CM4·23 

one large aluminum bonding pad 
that is notched for easy identi­
fication.) The back of the chip is a 
contact that can be attached directly 
to the desired circuit point by eutec­
tic bonding or with conductive 
epoxy. This unique configuration 

halves the number of wire bonds 
needed, reducing assembly costs. 
Initially, the new chips are expected 
to be used as current-limiting resist­
ors for light-emitting diodes in hy­
brid circuit assemblies. 

Resistance values can range from 

Direct connection. Back contact of thin-film chip resistors attaches directly to microcircuit 
conductor, eliminating one wire bond. Resistance values can be as high as 1 megohm. 

I I"""""""' I 

......_ ........ ~~~~~~ ....... ___, !··::1" ..... -+-~~~~~~~---~ 
I l-----14 MI LS ----I I 
l---20MILS---j 

I l-----14 MILS__j I 
!---20 MILS---1 

CM4·43 
GaAsP, package 
similartoT-1, plug 
in leads for close 
mounting. 

CM4·52 

GaAsP, clear 
transparent lens, 
intense point source 
indicator. 

GaAsP, red 
transluscent lens, 
diffused light source. 

CM4·31 
GaAsP, high 
illumination, ideal 
for back lighting 
applications. 

CM4·50 
GaAsP, small , low 
cost, clear lens. 

GaAsP, small , low 
cost, versatile, red 
lens for diffused 
light. 

a GEN ERAL INSTRUMENT company Try to find 



100 ohms to 1 megohm, with toler­
ances of ±5%, ± 10%, and ±20%. 
Temperature coefficients generally 
range between - 150 and - 250 
ppm/° C, and noise levels are held 
down by "more than 20 decibels. 
Typically, power rating is 250 milli­
watts, and operating voltage is 100 
volts. When exposed to a tempera­
ture of 125°C for 5,000 hours, and 
with rated power applied, the chips 
exhibit a resistance change of less 
than 0.25% in value. 

The resistor element is passivated 
with tantalum oxide, which is said 
to be more durable than the glass 
normally used to passivate other 
film resistors. The oxide does not 
contaminate the aluminum pad so 
that bonding is not affected by the 
passivation process, as often hap­
pens with glass-passivated chips. 
Furthermore, the chip substrate, 
which has a nominal height of 8 
mils, is silicon, an excellent heat 
conductor. 

' 

The figure on page 144 shows two 
typical chip faces-with the tanta-
1 um-nitride resistor element (in 
color), the back contact, and the 
notched bonding pad. The chips are 
available now at a 100-unit cost of 
28¢ for ±20% tolerances, 35¢ for 
±10% tolerances, and 53¢ for ±20% 
tolerances. 

Another series of tantalum-nitride 
chip resistors is also being intro­
duced at this time. It is a family of 
terminating networks containing up 
to 16 individual resistor elements. 
Tre resistors are tightly positioned 
on a heat-equalizing silicon sub­
strate measuring 50 by 60 mils. 
They provide tracking as good as 1 
ppm and can operate at tempera­
tures as high as 150°C. Resistance 
values range from 50 to 2,200 ohms 
and are available with resistance 
tolerances from ± 1 % to ± 10%. 
Semi-Films Technology Corp., Subsidiary of 
National Micronetics Inc., Box 188, West 

Hurley , N.Y. 12491 [341] 

CM4-83 

CM4-62 
GaP, low current 
indicator in a high 
millicandela 
package. 

CM4-73 
GaAsP, intense 
compact indicator 
with wide viewing 
angle. 

GaAsP, lowest cost 
T-1 % LED available. 

CM4-48 
GaAsP, small 
package similar to 
T-1, heavy duty 
leads for wire 
wrapped terminals. 

Trimmer capacitors are 

rated from 5.5 to 40 pF 

Available in top- or side-tuned ver­
sions with glass dielectric, a range of 
printed-circuit trimmer capacitors 

---.734"---

16 pf 
PC43G160 

20pf 
Voltronics SP20 

CM4-100 
Alpha-Numeric 
readout, 14 pin DIP. 

CM4-110 
Alpha-Numeric 
readout, red 
encapsulation 14 pin 
DIP. 

an LED we don•t have ... 
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provides values from 5.5 to 40 
picofarads. The SF and SP series 
have nonrotating piston construc­
tion to provide the advantages of 
linear tuning, no capacitance rever­
sals, high Q, low constant induc­
tance, and high self-resonant fre­
quencies. Price is $3.53 in 1,000 lots. 
Voltronics Corp ., West St ., East Hanover, 

N.J. 07936 (343] 

Integral optical switches 

drive TTL or DTL circuits 

A family of optical switches uses 
light-emitting-diode photosensors in 
a single package with Schmitt trig­
ger circuitry. The OS series of de­
vices also features good reliability 
and high-speed operation, and the 
units measure less than 0.5 cubic 
inch. The units can directly drive 
TIL or DTL circuits with a typical 
square-wave rise time of 50 ns. They 

CM4-101 
Polarity and 
overflow readout, 14 
pin DIP. 

CM4-111 
Polarity and 
ove rflow readout , 
red encapsulation 14 
pin DIP. 

convert low-cycle action to logic 
switching with no oscillation. Prices 
begin at $4.80 for lots of 1,000. 
HEI Inc ., Jonathan Industrial Center , 

Chaska, Minn. 55318 (344] 

Reed relays incorporate 

a saturable core 

A family of multipole magnetic 
latching reed relays incorporates a 
saturable-core principle for . main­
taining contact closure after coil 

CM4-9030 

power has been removed. Contacts 
are opened and closed by means of 
orthogonal latching, in which the 
magnetic field normally associated 
with a reed switch is rotated. A wide 
operating tolerance results from this 
method, according to company en­
gineers. Delivery is from stock. 
Information Transfer Inc., Box 357, Hol­

comb, N.Y. 14469 (345] 

Variable resistors are for 

television applications 

Designed for use in varactor-diode 
tuning applications for TV-receiver 
manufacturers, small rectilinear 
multiturn composition variable re­
sistors are designated the 120 series. 
Twenty-five turns of the knob pro­
duce one full transversal of the con­
tactor across the carbonaceous re­
sistor element, a construction that is 
said to provide maximum versatil-

T-2 LED fo r slide 
base appl ications 
through 48 vo lts, 
plugs into existing 
T-2 sockets. 

CM4-301 
GaP, light pipe 
display, Ya" and 1/:i" 
character size. 

CM4-5010 
Opto- lsolator 
Coupler, standard 
mini-DIP for easy 
plug-i n. 

if we don't have the LED you 



ity. Several knob configurations are 
available, and price is under 27 
cents in production quantities. 
CTS of Asheville, Inc., Mills Gap Rd ., Sky­

land , N.C. 28776 (346] 

Incandescent lamps operate 

at high ambient temperatures 

Six quartz tungsten-halogen-type 
incandescent lamps operate at high 
ambient temperatures- 650°C on 

CM4-8000 
T-1 3/4 Type LED 
indicators, 
interchange with 
midget flange-base 
incandescents. 

.. CM4-7000 
. T-1 ¥4 Type LED 

indicato rs, 
interchange with 
Bl-Pin based 
subminiature 
incandescents. 

the bulb- and therefore do not have 
to be cooled while in use. The 
quartz bulb eliminates breakage 
due to thermal shock and improves 
transmission characteristics. Ratings 
of 6 to 24 volts, 10 to 200 watts, are 
offered. There are four filament con­
figurations-rectangular and square 
oval, horizontal and vertical helix. 
Lamps Inc., 19220 S. Normandil:l Ave., Tor­
rance , Calif. 90502 (347] 

Switches offer momentary, 

maintained contact 

A family of miniaturized joy-stick 
toggle switches offers both mo­
mentary and maintained contact, 
and combinations of the two. Avail­
able in a line of XY-axis switches, 
with the origin of the axes the off 
position, the switches are available 
in nine-position, single-pole or five­
position, double-pole configuration. 

CM44 
Cartridge Type 
indicator, short 
cylindrical cap, 
interchanges with 
MIL-L-3361 lamps. 

CM44 
Cartridge Type 
indicator, 
Macrodome cap, 
interchanges with 
MIL-L-3361 lamps. 

They are housed in packages 1.05 
inches wide and 1.22 in. long. 
Machine Components Corp., 53 Werman 

Ct. , Plainview, N.Y. 11803 (348] 

Thermistor probe del ivers 

fast time response 

A glass thermistor probe with a fast 
time response and with a length of a 
little over 1/.i inch consists of a min­
iature thermistor bead sealed in the 
tip of a shock-resistant, thin-walled 
glass tube, with corrosion-resistant 
platinum-iridium leads. Time con­
stant is of the order of 25 millisec­
onds in moving water, making the 
unit particularly suitable for dy­
namic temperature measurements 
in liquids and gases. Nominal avail­
able resistance is 500 ohms to 
300,000 ohms. 
Fenwal Electronics, 63 Fountain St. , Fram­

ingham, Mass. 01701 (349] 

LED's are relatively simple. Some chips, some wire, 
some plastic. But making LED devices that work-
that work exactly right for you-calls fo r a thorough 
appreciation of lighting technology, human engineering , 
even aesthetics. 

Chicago Miniature is expert in miniature lighting of all 
kinds. We specialize in doing tiny things in a big way. 
And we've learned enough to know how varied your 
particular needs can p_e. That's why we provide more 
kinds of LED devices and packages than any other 
single source.' Right off the shelf. And that's why we 
provide full support in application engineering . 

Whether you're designing new panels, or modifying 
incandescent lighted panels for LED's, see if Chicago 
Miniature can help. 

i Chicago Miniature La. mp Works 
4433 N. RavenswQod Ave., 
Chicago, Illinois 60640 · 
o GENERA L INSTRUMENT company 

CM4-170 
Extremely visible 
V.." character, 
extremely low 
power, small size. 

need, we'll malce it for you. 
Circle 147 on reader service card 



1024 and 2048 bit MOS RAMs 
Multi-Sourced Industry Standards 
From the guys who brought you Custom MOS/LSI. 
You remember Nortec. We were one of the first high 
technology houses to supply custom MOS products . 

A pleasant surprise. 
Now, you can get standard MOS RAMs from Nortec. 
We've shipped over a million 6002s to satisfied 
customers (250K/ mo.) . And that's performance 
where it counts. 

HI 
c ~ . 

Check us out. 
Nortec # Access Time Cycle Time Power Diss. Size 

6002 150ns 250ns 180µW 1024 bit 
1103 300ns 580ns 270µW 1024 bit 
6003 360ns 595ns 180µW 2048 bit 

We have RAMs in volume, ready for delivery, and at 
prices you 'll like. Call and see. It's a better way to do 
business with the guys who brought you Custom 
MOS / LSI. Nortec Electronics Corporation , 
3697 Tahoe Way, Santa Clara, Calif. 95051 . 
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NORTEC (408) 732-2204 
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Need efficient cooling 
in a tighter-than-tight spot? 

Jll 
INCORPORATED 

Rotron® has the answer. 
The BISCUIT® - Rotron 's high performance centrifugal blower that is only 1 ~6 " 
thick. It works in really tight spots where no other can. It's the only 50-60 Hz air 
moving device that will fit inside a 13/4 " rack panel instrument. 

Built around the proven features of the multi-million-installation Muffin® fan , the 
Biscuit is ideal where cooling air must be forced through tight passages or directed at 
high velocity over a hot component. It's impervious to moisture or dust, and will run 
reliably, quietly, and continuously for years without maintenance of any kind. It 
delivers up to 25 cfm for rack mounted instruments, projector lamps, power supplies, 
heat exchangers and sinks, core memories, computer term inals, and many office 
equipment applications. 

Whatever your cooling or air moving need, next time you have one, take it to Rotron. 
As the world 's leading manufacturer of precision air moving devices, Rotron 
has the answer to just about any problem you can pose. And at competitive prices that 
may surprise you. Ask and see. For more information right now, send for 
Biscuit Catalog Sheet H-3360. 

Why settle for less when the best costs no more? 

ROTRON INC., Woodstock, N. Y. 12498 O 914 • 679-2401 D TWX 510-247-9033 
Pacifi c Div., Burbank, Cal. 91 506, 213• 849-7871 • Rotron B.V. , Breda, Netherlands, Tel : 49550, Telex : 844-54074 
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Data Acquisition 

$73.00/Point* vs. $0.073/Point 
'V:tO.AR ''" J r; . ' .... ' 

NowVIDAR makes the difference in cost worth it. 
400 to 20,000 Channel/Second 
Self-contained Data Logger 
with AUTORANGE 
Hook-up transducers and power-up the new self­
contained VIDAR 6403 High Speed, Low-Level Data 
Logger; you'll get 400 to 20,000 channels/ second of 
extremely accurate data recorded on magnetic tape 
as low as $73 / channel! Included is VIDAR's unique 
AUTORANGE feature which provides automatic 
switching of gain ranges as varying input levels are 
sampled; it's accomplished by internal system logic -
no computer is necessary! 

The data logger requires no customer interface 
or software and is easy to operate. The heart of the 
system is the VIDAR 600 MUX/ ADC - A 20,000 
channel/second multiplexer and 12-bit ADC with 25 
microsecond conversion time, plus two or three-pole 
filtering per channel which results in excellent noise 
rejection. Ten full scale ranges varying from eight volts 
to 15 millivolts may be operator-selected or may be 
designated by AUTORANGE. 

Other VIDAR 6403 system features include 
selection of first and last channels to be recorded, and 
single or continuous scanning. LED visual display 

provides the operator with a base to derive octal or 
binary data from last channel read. 

Computer front -ends The VIDAR 600 MUX/ 
ADC, core of the VIDAR 6403 Data Logger, can 
function as a computer front-end. It can digitize up to 
1024 inputs at 20,000 channels/ second, or at 12,000 
channels/ second with AUTO RANGE. Output can be 
in a serial or parallel binary stream making interfacing 
to any computer an uncomplicated procedure. 

Investigate how the VIDAR 6403 , Low-Level 
Data Logger and VIDAR 600 MUX/ ADC can econ­
omize and improve the performance of your high 
speed data acquisition and how VIDAR's vast systems 
capability relates to total data handling for you. 

VIDAR, 265 N. Whisman Rd., Mountain View, 
CA 94040. (415) 965-3050. In Europe: VIDAR 
GmbH Kronbergerstrasse 5, Bad Soden/ Taunus, West 
Germany, phone 2 17 65 . 

Representatives in: Athens 423-471-5 ·Brussels 
41-81 -30 •Essen 70-49-89 ·Madrid 215-35-43 • 
Mexico D.F. 536-09-10 ·Milan 4996 · Oslo 23-25-80 
· Paris 626-02-35 • Stockholm 64-18-00 • Sydney 
43-3333 • Tel Aviv 53459 • The Hague 99-47-40 • 
Tokyo 669-4121·Toronto678-1500 ·Vienna 57-25-
54 · Zurich 62-82-82. 

*Based on 1024 Data Points (\T~ Vidor 
A Member of Continental Telephone System 
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Greater stability in a dual one-shot. 
Tl's new 54/74221 puts two 54/74121's in a single package. 

F ew IC functions are as popular as 
the 54/74121. The industry's stan­
dard for high stability one-shots. 

Now there's a new device t hat 
combines the high stability of t h e 
54/74121 single one-shot with t he 
pin-out of t he 54/74123 du al one­
shot- and outperforms t h em both . 
The 54/74221. 

It's brand new. It's available in 
qu antity. An d it's from Tl. 

The 54/74221 features an output 
pulse pr ogrammable from 40 nano­
seconds t o 28 seconds. You can 
trigger it from either positive or 
negative going input transitions 
with complementary outputs avail­
able from each one-shot. 

The 54/74221 has stable, jitter-
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free operation even in h igh noise 
environments, thanks to the 
Schmitt-trigger input. 

Plus. The 54/74221 has direct 
overriding clears to terminate out­
put pulses upon command. 

If you've been attracted to the 
performance of the single 54/74121, 
but disappointed by existing dual 
one-shots, then the 54/74221 may 
be just what you're looking for. 

Order SN54/74221 from your 
local authorized TI distributor or 
directly from Tl. For data sheets, 
specify by type number and write: 
Texas Instruments In-~ 
corporated, P. 0. Box rJ 
5012, M/S 308, ~allas, 

Texas 75222. 

TEXAS INSTRUMENTS 
INCORPORATED 84091 



Integrating man's creativity with a computer's speed 
and memory isn't easy. But Gerber has done it with an 
interactive system which can create and plot drawings as 
complex as the operator can imagine . . . all at the touch 
of a button. 

Think what th is can mean in your department. 
Drafting drudgery eliminated. More accurate draw­
ings, faster. More time for designers to 
think and create. Lead time drastically re­
duced to give you a competitive edge in 
bringing new products to the marketplace. 

Translated into dollars, this 
means more profits from your en­
gineering department profit center. 
More profits whether you make au­
tomobiles, aircraft, electron ic equip­
ment, machine tools. Or anything 
else that requires drafting. 

The Gerber interactive system is delivered complete 
and ready to go to work for you. And, of course, the entire 
system is designed, built and serviced by Gerber Scientific, 

the internationally recognized pioneering 
leader of the industry. 

Find out now the Gerber Interactive 
Design System can produce for you. 

A note or phone call will bring a 
prompt response. 

The Gerber Scient ific Instrument 
Company, Hartford, Connecticut 

06101. (203) 644-1551. 

t=®GERBER 
1.::.1 SCIE NTIFIC 
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New products 

Packaging & production 

Wickless pipe 
transports heat 

Novel structure reduces 

thermal resistance to as 

low as 0.01 °C per watt 

Although conduction of heat from 
semiconductor devices is an impor­
tant use of heat pipes, it is by no 
means the only one. As developed 
by Noren Products Inc., heat pipes 
also serve functions similar to 
diodes, switches, limiters, and con­
stant-current sources, in thermal 
management circuits with functions 
analagous to electronic circuits­
though some are still just conduc­
tors, able to transport heat from 
semiconductor devices dissipating 
up to l 0 kilowatts. Most of the pipes 
originated as custom components of 
thermal circuits that, for instance, 
stabilize crystal oscillator tempera­
tures, permit avionics equipment to 
warm up quickly to operating tem­
perature before cooling begins, or 
take the place of cooling fans in mi­
crowave relay equipment. 

The specialized functions and ex­
tremely high conduction rates of the 
Noren designs stem from a con­
struction recently invented by Don 
W. Noren, president of the firm. 
Most heat pipes are sealed tubes 
containing a liquid and a wick. 

Noren's newest pipes, dubbed 
Quikwatts, use proprietary fluids 
and vapor-support materials rather 
than wicks. The thermal resistance 
is low-only 0.01 ° to 0.03°C per 
watt-compared with a range of 
0.05° to 0.35°C/watt for the wick­
type pipes and with many degrees 
per watt for conventional conduc­
tive-cooling devices. 

In addition, the tubular construc­
tion required by the wick technique 
is no longer necessary. The wickless 
pipes come in many sizes and 
shapes, from miniature 42-mil-thick 
stripes, suitable for cooling inte­
grated circuits, to hollow cylinders 
up to 6 inches in diameter and 21 

Electronics/July 19, 1973 

feet long, used for cooling large 
power supplies and banks of silicon 
controlled rectifiers. 

Depending on their construction 
and materials, the pipes act as iso­
thermal cooling strips, one-way heat 
conductors (diodes), conductors that 
switch on when the hot end reaches 
a threshold temperature, pipes that 
keep one end at a maximum tem­
perature regardless of how hot the 
other end gets, and limiters that 
carry heat at a given rate. 

Prices range from 25 cents for the 
smallest pipes in large quantity up 
to around $1,000. 
Noren Products , Inc. , 846 Blandford Blvd ., 

Redwood City, Cal if. 94062 G391] 

Component markers have 

fast curing process 

A family of infrared axial-lead-com­
ponent printers has a 6-second cur­
ing process. Designated models 
U -1220 through U-1223 , the four 
machines allow immediate shipping 
after printing as compared with the 

two-hour curing processes required 
by other methods. The units print at 
a rate of 20,000 components per 
hour, using conventional inks. They 
can handle components up to 4 
inches long (including leads) with 
±0.0312 inch variation, and compo­
nents up to I inch long with a vari­
at ion of±0.015 inch. 
Markem Corp , 150 Congress St. , Keene, 

NH 13431 [393] 

Fusion-welder handles 

miniature nibbed posts 

The model 2000F fusion-welder can 
handle the welding of miniature 
nibbed posts, miniature studs, fas-

teners, and small mechanical assem­
blies. The machine uses a capacitive 
discharge operation, which insures 
repeatab!ity without residual heat 
effects for all similar or dissimilar 
weldable metals. Actual weld time is 
several millionths of a second. 
Electron Fusion Devices, 977 Waterman 
Ave ., East Providence , R.1. 02914 [394] 

Encapsulator removes air 

and moisture from epoxies 

Designated the model VE-16 Envax, 
a vacuum encapsulator removes en­
trapped air and moisture in epoxies 
and similar materials during en­
capsulating, potting, or impregnat­
ing processes. The complete oper­
ation is done within the chamber; 
the epoxy is heated automatically as 
it passes onto the metal plate; air is 
removed, and the epoxy flows from 
the metal plate into the air-evac­
uated mold or component. Price is 
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We built in the decoder/driver 
so you don't have to. 

Not only the decoder/driver, but the memory too! It's all in the HP 5082-7300 
series solid state display. Available now. ln quantities to meet your production needs. 

It's completely TTL compatible. All you do is address it directly with four-line 
BCD input. The on-board IC allows for either the storage of input data or 

real-time display. You save design time, space and money, and get a completely 
reliable integrated display system. 

A bright 0.290 inch high, shaped character gives excellent readability over 
a wide viewing angle in a compact 0.600 inch by 0.400 inch package. 

And best of all, the price is only $8.25 * in lK quantities. If you need a larger 
character write for information on our 1.5" 5082- 75 00 solid state display. 

It's also TTL compatible and has the decoder/ driver built in. For immediate delivery 
on the HP 5082-7300 or 5082-7500 call your nearby HP distributor today. 

01329 "' Domesl!c USA price only 
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Sales, service and support in 172 centers in 65 countries. 
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SURPRISE! 
SURPRISE! 
The solid state display with 
the built in decoder/ driver 

is at your nearest 
HP distributor now. 

Distributor Stocking Locations: 

SCHWEBER 
ELECTRONICS 

Hollywood, Florida 
(305) 927-0511 

Elk Grove Village, lllinois 
(312) 593-2740 
Troy, Michigan 
(313) 583-9242 

Rockville, Maryland 
(301) 881-2970 

Waltham, Massachusetts 
( 617) 890-8484 

Rochester, New York 
(716) 328-4180 

Westbury, New York 
(516) 334-7474 

Somerset, New Jersey 
(20 I) 469-6008 

Beachwood, Ohio 
(216) 464-2970 

WYLE 
DISTRIBUTION GROUP 

Liberty Electronics/ Arizona 
Phoenix, Arizona (602 ) 264-4438 

Liberty Electronics 
El Segundo, California (213) 322-8100 

El mar Electronics 
Mt. View, California (415) 961-3611 

Western Radio 
San Diego, California (714) 235-6571 

Elmar Electronics 
Commerce City, Colorado (303) 287-9611 

Liberty Electronics/ Northwest 
Seatt le, Washington (206) 763-8200 

HALL-MARK 
ELECTRONICS 

Huntsville, Alabama 
(205) 539-0691 
Lenexa, Kansas 
(913) 888-4747 

St. Lo uis. Missouri 
(314) 521-3800 

Raleigh , North Carolina 
(919) 832-4465 

Oklahoma City, Oklahoma 
ENterprise 50094 
Tulsa, Oklahoma 
(918) 835-8458 

Austin , Texas 
(512) 454-4839 

Dallas, Texas 
(214) 231-6111 
Houston, Texas 
(713) 781-6100 

EUROPE 
Celdis Ltd. 

37-39 Loverock Road, READING, Berks, England 
Tel.: READING 58 22 11 

l.S.C. France 
20, rue Cambetta, 92-Roulogne, France 

Tel. : 604.52 .75 
Jngenieurbi.iro Dreyer 

238 Schleswig, Flensburger Strasse 3, Germany 
Tel.: (04621) 2 31 21 

EBV Elektronik 
8 Munich 2, Gabriel-Max-Strasse 90 

Tel. : (08 11 ) 644055-8 
6 Frankfurt / Main I , Myliusstrasse 54 

Tel.: (06 11 ) 720416-18 

HEWLETT WP PACKARD 
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$995 less vacuum pump. 
Mikon Products, Box 369, Seymour, Conn. 

06483 [396] 

Circuit-board connectors 

require little space 

A line of miniature printed-circuit­
board connectors is designed specif­
ically for applications where there is 
limited space. The connectors pro-

vide the means to construct a small 
instrument having a removable p-c 
board, rather than a captive one. 
The line consists of 10 and 20 feed­
through contacts spaced 0.075 inch 
apart in phenolic strips for wave­
soldering. Price is $2.25 . 
Microtech Inc ., 777 Henderson Blvd ., Fol­

croft , Pa . 19032 [395] 

Marking inks for components 

reflect and emit light 

A marking method for the inspec­
tion of electronic components offers 
two kinds of ink-removable and 
permanent- available in five fluo­
rescent colors that reflect and emit 
light. The removable ink is nonde­
structive and nonconductive and 
contains no si licones. The perma­
nent inks are waterproof and flex-

ible when dry. Both types adhere to 
any surface. Price of one marker is 
$2.95, and a set of five pens is 
$13 .25 . 
Metron Optics, Box 690, Solana Beach, 

Calif. 92075 [397] 

Beam-lead bonder provides 

interchangeable assemblies 

A beam-lead bonder is adaptable to 
almost all package styles involving 
thermocompression bonding of 
semiconductor or complex hybrid 
units in any system. Three options 
in head assemblies are available 
and include a self-compensation 
hard tip, a stationary hard tip, and a 
compliant single tip. Also irtter­
changeable are shuttle assemblies, 

substrate and die pos1t10ners, sub­
strate tables, and dice dish assem­
blies. 
J. & A. Keller Machine Co. Inc ., Electronics 

Division, 2320 Military Rd ., Buffalo, N.Y. 

14150 [398] 

Modular memory tester 

features pattern generator 

A memory tester, called the Ranger 
1, is the first of a line of test systems 
and is the core cf the family, which 
can be upgraded modularly. The 
Ranger l features a 20-megahertz 
hardware-oriented pattern gener­
ator, and is a dedicated functional 
pattern exerciser designed for irt­
coming inspection and wafer test­
ing. Price starts at $15,000. 
Fairchild Camera & Instrument Corp., 2500 

Deer Creek Rd ., Palo Alto, Calif. 94304 

[399] 
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New products 

Semiconductors 

Automotive ICs 
go to market 

Chips built for tachometer, 

car controls offered for 

industrial , consumer jobs 

Can custom-designed automobile 
electronic circuits make the grade as 
standard products? The Fairchild 
Components group has high hopes 
for a monolithic tachometer subsys­
tem, initially developed as an adapt­
ive-braking subsys tem for antiskid 
controls, and a companion triple op­
erational amplifier to control fuel­
metering on fuel-injection systems 
of automobiles. 

The company says these are the 
first automobile circuits to be mar­
keted as general-purpose consumer 
and industrial electronic compo­
nents. 

They were developed in Fair­
child's Analog Products division 
and will be sold through the Com­
ponents Group in the Consumer 
Microcircuits department. 

The µ.A 7350 tachometer converts 
the a lterna ting-current input from a 
revolutions-per-minute sensor to a 
pulse-width-modula ted square wave 
at twice the input frequency. On the 
same chip are terminals for a low­
pass RC filter , toge ther with an op­
erational a mplifi er and two com­
parators. The latter are used to inte­
gra te the square wave, buffer the 
resulting a nalog signal, and gener­
a te overspeed a nd underspeed er­
ror-control signals in automobile 
syste ms. 

But the chip is a lso a versa tile fre­
quency-to-voltage converter, points 
out Howard Murphy, custom prod­
ucts manager, whose staff designed 
the circuits. The IC can indicate sig­
nal frequencies on an a nalog volt­
meter, stabi lize the speed of a de 
motor in a battery-powered tape 
recorder, drive a color organ (a dis­
play of colored lights that fluctuate 
in harmony with music signals), or 
generate analog control signals from 
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keyed telephone signaling tones, for 
example. The telephone key panel 
can provide a handy method of con­
trolling remote machinery, Murphy 
says. 

The µ.A735 l chip has three inde­
pendent operational amplifiers with 
in put stages similar to the 741. The 
outputs, like those on the pA7350, 
have uncommitted collectors so tha t 
the outputs can be opera ted at a ny 
load voltage up to 24 v. The output 
design also allows the outputs of the 
two chips to be wire-ORed. When 
used in the automobile sys tems, the 
op amps on the µ.A 735 l are gener­
ally connected to the output of the 
op amp on the µ.A 7350 to increase 
the number of control signals gener­
a ted by the tachometer subsystem . 
But the µ.A735 l is useful for any 
multiple a mplifier, buffer, or com­
parator fun cti ons, accordin g to 
Murphy. 

Both circuits operate on single 
power supplies to 24 v and meet 
auto-industry environmental speci­
fica tions, including an opera ting 
temperature range of - 40°C to 85°C. 
Maximum output currents are 5 
milliamperes, except fo r the tach­
ometer's square-wave output, rated 
at 50 m A. 

Unit prices in hermetically sealed 
dual in-line packages are $4.88 fo r 
th e µ.A 7350 a nd $4.20 fo r th e 
µ.A 735 1. In 100 to 999 lots, th e 
prices are $3.25 and $2.80, respec­
tively. 

Fa irch ild Semiconductor Components 

Group, Fairchild Camera and Instrument 

Corp ., 464 Ellis St ., Moun tain View , Calif. 
94040 (411] 

Switches, driver housed 

in single flatpack 

A ft atpack device measuring :Ys inch 
contains four switches and drivers. 
D esigned for rf control in the 1 O-to-
1,000-MHz range, the ISD-43700 
series has TTL-compatible driver in­
puts, and features a built-in fai l-safe 
provision. With the input gate level 
open-circuited, the switch goes to an 
isolation state. No bias connections 
or de blocks are required in the rf 
line. There are three models in the 

series , each having a switching 
speed of 5 microseconds maximum. 
LRC Inc ., 11 Hazelwood Rd ., Hudson , N.H. 
03051 (413] 

Low-noise FETs operate 

from 500 MHz to 1 GHz 

Four silicon insulated-ga te fi eld-ef­
fect transistors are for use in tele­
v1s10n receivers, communications 
equipment, and amplifiers oper­
ating in the high uhf, low-micro­
wave-frequency region from 500 
MHZ to 1 GHZ. Both D-MOS (double­
diffused MOS) models a re ion-im­
planted . G ain is 10 dB typical at 1 
gigahertz with noise levels of 4.5 dB 
typical at 1 GHz. Price of single-gate 
models SD200 and SD201 is $4 each 
in !00-lots. The dual-gate SD300 
and AD301 models are priced at $3 
and $3.25 in the same quantities. 
Signetics , 811 E. Arques Ave ., Sunnyvale, 

Calif. 94086 

Wideband IC op amp 

has fast slew rate 

For applications in data-acquisition 
systems and high-speed test equip­
ment, the model 3507 J JC oper­
a tional amplifier features a slew rate 
of 120 volts per microsecond and a 
se ttling time to 0.1 % of 200 nano-

~ 60 

·~ 40 t---+---....,,.. 
(!) 

100 IK JOK IOOK IM IOM IOOM 

Frequency-Hz 
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Procond is 
sophisticated 

i 

(electronics 
too) 

Plastic film 
and electrolytic capacitors 

for entertainment 
and professional 

field. 

PROCOND S.p.A 32013 Longarone, Italy. 

New products 

seconds. Gain-bandwidth product is 
specified at 20 megahertz. The unit 
is compensated to allow faster slew­
ing and greater bandwidths for 
gains of three or more. For gains 
greater than three, gain rolloff is 6 
dB per octave. Price is $11 each for 1 
to 24 pieces and $7.50 for 100 to 
249. 
Burr-Brown Research Corp ., International 

Airport Industrial Park, Tucson , Ariz. 85706 

(415] 

Power transistor can operate 

as amplifier to 175 MHz 

A power transistor with improved 
thermal characteristics can be used 
electrically as an amplifier from de 
to 175 megahertz. It is priced from 
40 cents to 95 cents in 1,000 lots, 

and it has a low collector saturation 
voltage of 1.5 A. The rf capabilities 
are such that at 13 volts' operation, 
it is possible to obtain 1.3 watts rf 
output at 70 MHz with 5 dB gain. 
Kertron Inc., 7516 Central Industrial Dr ., Riv­

ie ra Beach, Fla . 33404 ( 417] 

Tuning diodes are aimed 

at low-frequency a-m 

The MD 1663 series of tuning diodes 
have 4-volt C!J.pacitance values of up 
to 2,200 picofarads. They also offer 
a capacitance tuning ratio of 2.3: 1 
from 2 to 15 volts, and are suited for 
low-frequency a-m applications. 
Other features include an induc­
tance of 1 nanohenry and a Q of 
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over 100, measured at 20 MJ-Jz and 4 
volts' bias. 
MSI Electronics Inc. , 34-32 57th St ., Wood­
side, NY. 11377 [418) 

1 28-bit lsoplanar memory 

offers fast access times 

Designated the model Fl0405, a 
128-bit ECL lsoplanar random-ac­
cess memory offers a typical access 
time of 12 nanoseconds and a typi­
cal chip-select access time of 3 
nanoseconds. Maximum read-write 
access time is guaranteed at 15 ns 
over a - 5% variation in power-sup­
ply voltage and over a 0- to + 75°C 
temperature range. Price is $60 each 
for l to 24 pieces and $48 for 100 to 
999. 
Fairchild Camera and Instrument Corp., 

Semiconductor Components, 464 Ellis St. , 

Mountain View, Calif. 94040 [ 416) 

BC 0-to-?-segment decoder 

drives LED displays 

A BCD-to-seven-segment decoder is 
designed for driving LED displays 
and is part of the HiNIL series. 
Called the model 383, the unit is 
compatible with MAN-1 and Data­
Lit 10 displays. Each output of the 
383 will sink 20 milliamperes, 
thereby permitting the display to be 

\ \ 

driven directly without external 
components other than current-lim­
iting resistors. Price for 100 to 999 
units is $283 or $3 .56 each, depend­
ing on temperature range and pack­
aging. 
Teledyne Semiconductor, 1300 Terra Bella 

Ave ., Mountain View, Cali f. 94040 [419] 
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Value and reliability are two important reasons why the Fluke 
8000A has become the most popular digital multimeter ever and 
the standard of excellence in the low cost field. 
For the money, $299, you can't buy a better multimeter. No one 
gives you higher accuracy (basic de accuracy is 0.1%), greater 
sensitivity or more protection. Here's an instrument with 26 
ranges to measure ac/dc volts from 100 microvolts to 1200 volts, 
currents from 100 nanoamperes to 2 amperes and resistance 
from 100 milliohms to 20 megohms. 

Reliability 
You can expect your 8000A to work day-in, day-out, year after 
year. We guarantee 20,000 hours mean-time-before-failure, but 
with 15,000 units delivered, our own studies indicate a MTBF 

of 56,000 hours-the equivalent of 15 years. Only Fluke uses 
both analog and digital LSI circuitry in one instrument. And to 
top everything off, we put everything in a high impact case 
with securely mounted internal electronics. 

Expanded capability 
Wide choice of low cost options including rechargeable battery 
pack, digital printer output, deluxe test leads, high voltage probe, 
RF probe, 600 ampere ac current probe, carrying case, dust cov­
er, and rack mount to make your 8000A the most powerful and 
versatile low-cost multimeter available anywhere. 

Stock delivery and local service 
You can get your Fluke 8000A from local sources today. Fluke 
backs the 8000A with service centers conveniently located 
throughout the United States, Canada, Europe and the Far East 
for fast 48-hour turnaround repair service. 
Order yours today on a 15 day no obligation trial basis. Use your 
American Express, BankAmericard, Mastercharge, company pur­
chase order or even money. 

In the continental U. S., dial our toll free number 800-426-0361 for the name and address of your nearest local 
source. Or contact us directly by addressing, John Fluke Mfg. Co., Inc., P.O. Box 7428, Seattle, Washington 98133. 
Phone (206) 774-2211 . TWX : 910-449-2850. In Europe, address Fluke Nederland (B.V.), P.O. Box 5053, Tllburg, The 
Netherlands. Phone 013-67-3973. Telex : 844-52237. In the U. K., address Fluke International Corp., Garnett Close, 
Watford , WD2 4TT. Phone, Watford, 33066. Telex : 934583. In Canada, address ACA, Ltd ., 6427 Northam Drive. 

Mississauga, Ontari o. Phone 416-678-1500. TWX : 610-492-2119. 
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Tooling Technology Offers Systems 
Approach to Production Wiring 
~ith o~er 14 years of experience plus the world's largest team of 
wire tymg an~ ~arnessing specialists T&B has developed a systems 
a.pproach to w1rmg that makes harnessing a cost-controlled proposi-

t1oin~. ~~~~~~~~~~~~~~~~~~~~~~~~il 

Part of the "systems" approach 
is the new TR-225 tool which re­
duces operator fatigue through 
the use of pneumatic operation. 
Of particular note is the rugged 
construction, providing reliable 
performance in a production en­
vironment ... (the tool has been 
cycled 1,000,000 times per month 
without a falter) . It is light 
weight and human engineered 
for both men and women oper­
ators. The tool accommodates the 
majority of TY-RAP® tie sizes 
... 16 in all ... with bundle ranges 
from Yia" to 4". A further con­
venience for the operator is that 
the long narrow nose gets into 
confined areas easily. If your 
production volume is such that it 
does not- require the exclusive 
use of the TR-225 perhaps the 
new WT-193 hand tool would 
supplement your operation. 

I 

This tool accommodates the same 
bundle range as the TR-225. 
With a similar narrow nose and 
long barrel, it is well suited for 
close-up work, breakout points 
and in tough to reach places. 
This particular design gives the 
operator the convenience of a 
long tying stroke with one 
squeeze of the trigger ... the tie 
is cinched to a preset tension and 
trimmed flush with the head. 
The speed of tying is good for 
smaller volume tying as com­
pared to the pneumatic TR-225. 

If an evaluation of your tying 
requirements reveals a high vol­
ume of tying bundles in Yi a" to 
%" diameter, consideration of 
our new automatic production 
tool ( TR-300) would be wise. 

Used in conjunction with our 
complete series of harnessing 
aids (routing clamps, corner 
posts, breakout springs) wires 
are routed with few nails to 
facilitate both fabrication and 
tying. 

With good harness board prep­
aration, the TR-300 can offer 4-5 
times quicker installation than 
hand tying. This tool slides a 
TY-RAP tie under and around 
the bundle, cinches it to a preset 
tension, locks it and trims it flush 
with the head ... all in o/io of a 
second. 

Our harnessing specialists will 
review your tying operation and 
recommend appropriate tooling. 

160 Circle 244. on reader service card 

Another TY-RAP product which 
facilitates harness fabrication is 
the new harness board. Set-up 
costs just about disappear when 
you adapt this board into your 
present operation. It is a fully 
reusable modular board that can 
be enlarged by snapping the in­
terlocking panels together. Metal 
screening covers the self-h~aling 
polyethylene foam center. Both 
sides can be used. The harness­
ing aids are installed easily since 
standard nails are pushed into 
the board by hand. Cat. No. 
HBF-02-03 . . 

One of the most important con­
siderations in using plastic ties 
is the reliability of the tie's lock­
ing device. Only TY-RAP self­
locking ties have a patented, 
non-magnetic, stainless steel, 

locking wedge 
embedded in 
the cable tie 
head. You get a 
grip of steel 
every time with 
TY-RAP self­
locki ng ties. 

The TY-RAP system was devel­
oped by T&B to answer all types 
of production wiring and har­
ness fabricating needs whether 
large volume or small. Your pro­
duction rates, system flow and 
total installed costs are major 
concerns of ours. In our evalua­
tions of harness fabricating tech­
niques used across the country, 
operator performance, fatique 
factors and process convenience 
appeared as major considera­
tions in the cost structure of har­
nessing. Our harnessing special­
ists are equipped to study these 
costs as well as all pertinent fac­
tors involved in your wiring and 
harnessing operations. Write or 
call us today. 
The Thomas & Betts Co., Eliza­
beth, New Jersey 07207, (201) 
354-4321. In Canada, Thomas & 
Betts Ltd., P.Q. 
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THOMAS & BETTS 
Division of T1unnas & Be..t:ts Corporation 
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New TY-RAP®Tool 
completes one million lies 
eyery monLh Triggered 70,000 times each day without a misfire! 

l As you read this message, the produc-
tion model of this pneumatic hand tool, 
TR-225, is continuing its life cycle test ... 
1,000,000 cycles per month without a 
falter. 

This 20 ounce tool ties wire bundles from 
1/ 16" to 4" diameter with just about 
every regular and "Slim Line" type 
TY-RAP® cable tie ... 16 sizes in all. It 
reduces operator --~------.. 
fatigue ... and is 
particularly well 
suited for close­
up work, break­
out points and ty­
ing in confined 
places in equip­
ment. 

Our other new production tool, the high 
speed TR-300, automatically positions a 
TY-RAP tie around bundle, cinches to a 
preset tension, locks tie securely and 
trims evenly ... all in 8/ 10 of a second 
... and on bundle diameters ranging 
from 1/ 32" to 5/ 8". 
Write for new catalog. The Thomas & 
Betts Co., Elizabeth, New Jersey 07207, 
(201) 354-4321. In Canada, Thomas & 
Betts Ltd., P .Q . 

Sold Only Through Authorized T&B Distributors 

THOMAS & BETTS 
I 

Division of Thomas & Be.t:t.s earparatian 
rirf"' lo 1 ~1 l""\n ro~ rlor cor\/i ,....o f'~ rrl 
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. . . with TRW metallized film capacitors. For example, 
metallized polycarbonate ultra-miniatures (Type X463). 
Real problem solvers in precision circuitry where sta­
bility with small size is essential. Capacitances: .001 to 
10.0 mfd in 50, 100, 200, 400 VDC. High IR, low OF, fully 
rated from -55 to + 125°C-with less than 1 Y2 % ca­
pacitance change. Rugged, plastic film case. For similar 
performance in a metal enclosed unit, ask about Type 
X482. And for real space savings in a rigid pre-molded 
case, check the X440. 

And then there are X601 PE subminiatures in metal­
lized Mylar* construction with dipped epoxy coating. 
Capacitances: .01 to 10.0 mfd-in 100 and 200 VOC. 
Temp.: -55 to +100°C (to 125°C with derating). Tough, 
self-healing. Great for high-density PC's, humid environ-
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ments, precision applications. (Metallized Mylar units 
also available tape-wrapped or metal enclosed.) 

One other thing. We figure you can't make quality 
capacitors and me-too capacitors under the same roof. 
Because sooner or later, one operation will goof the 
other one up. So we take the quality route. Count on it. 

Write for catalog or application engineering assist­
ance. TRW Capacitors, an Electronic Components Divi­
sion of TRW, Inc. Box 1000, Ogallala, Nebraska 69153. 
(308) 284-3611. 
•Du Pont T. M. tor Po lyester Film 

TRK! CAPACITORS 
Electronics/July 19, 1973 



New products 

Subassemblies 

Converters break 
DPM price level 

Integrating a-d converters 

need one 5-V supply , have 

isolated floating front ends 

Since the heart of a digital panel 
meter is an integrating analog-to­
digital converter, why does a pack­
aged converter cost so much more 
than the DPM built around it? An­
swer: the much higher volumes in 
which DPMs are manufactured . 

This inverted price structure looks 
likely to be changed by two inte­
grating a-d converters from Ana­
logic. Called the MP232 l and the 
MP2322, the converters differ only 
in that the first unit has a BCD out­
put, and the second a binary output. 

Both converters are 2,000-count 
machines- that is, 3Y2 digits and 11 
bits plus sign, respectively-and sell 
for $79 in quantities of 100. 

Like the so-called logic-powered 
DPMs, the new converters need only 
a single 5-volt supply. An internal 
de-to-de converter allows the analog 
front end of the circuit to be com­
pletely isolated from the digital cir­
cuitry and its error-producing noise 
spikes. Furthermore, · this isolated, 
guarded, bipolar input can be 
floated as much as ±300 volts with 
respect to system ground, making 
the converter ideal for handling re­
mote signals which may not be re­
ferred to ground. 

Both units produce maximum er­
rors of ±(0.05% of reading + 1 
count) , and have a maximum tem­
perature coefficient of error of 50 
ppm/°C Accurate operation is en­
hanced by circuitry that automati­
cally resets the converter's zero ref­
erence at the beginning of each con­
version cycle. 

The converters should operate 
well in computer-controlled systems 
because they include such features 
as variable conversion rates, the ca­
pacity for making ratiometric mea­
surements and executing a conver-

Electronics/ July 19, 1973 

sion cycle on command, and a 
choice of BCD or binary outputs. 

The variable conversion rates (up 
to 100 conversions per second) and 
c9nversion-on-command features 
make it easy to synchronize the con­
verter with an industrial process 
that it may be controlling. Its ratio­
metric mode allows automatic com­
pensation for such potential sources 
of error as transducer power-supply 
drift. And the outputs, which are 
DTL- and TTL-compatible, permit 
automatic examination of the data 
by displays and printers. 

All these features, plus their high 
common-mode voltage ratings, 
make the converters ideal for such 
applications as recording, analytical, 
and industrial control instrumenta­
tion systems, process control instru­
mentation, and single-current-loop 
remote indicator systems. 

Delivery time is four weeks. 
Analogic , Audubon Road, Wakefield , Mass . 
01880 [381] 

Op amp delivers offset 

voltage match of 70 µV 

Consisting of two independent, 
compensated mo nolithic oper­
ational amplifiers housed in a single 
dual in-line package, the monoOP-
10 is designed as an instrumentation 
op amp. A high degree of matching 
between channels is said to be pro­
vided on all critical parameters, in­
cluding offset voltage match of typi-

.......... '°° 
M~ \.\tt •~.~ 
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cally 70 microvolts, 180 microvolts 
maximum, and tracking of offset 
voltage versus temperature of 0.3 
µ.v /°C typical , 0.8 µ.v /° C maximum. 
Matching of non-inverting input 
bias current is typically 0.8 nanoam­
peres, 2.8 nA maximum. Pri ce 
ranges from $16 to $90. 
Precision Monolithics Inc. , 1500 Space Park 
Or., Santa Clara, Calif, 95050 (340] 

Ac voltage regulator takes 

any input from 50 to 260 V 

Using the volt-second integral of a 
~agnetic-cored transformer, an ac 
v~ltage regulator achieves a con-

stant output voltage independent of 
the input voltage. Designated the 
Controfluxer, the unit is 50% 
smaller and· priced about 40% less 
than conventional regulators. It will 
take any input from 50 v ac to 260 v 
ac, anywhere on earth, and provide 
a rated output of 117 v ac or 234 v 
ac, regulated to within ±0.2% de­
spite fluctuations in input voltage 
and frequency. Prices start at $176. 
Advanced Power Inc., 1621 South Sinclair 

St. , Anaheim , Calif. 92806 (382] 

Timing module provides 

delay-on-energize 

A hybrid thick-film timing module 
provides delay-on-energize ranging 
from 0.05 to 60 seconds. External 
components are not required. The 
units have pin spacing for a DIP lay­
out, and can either plug into a 
soc ket or mount directly on a 
printed-circuit board. Though de­
lays are fixed at specified set points, 
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Hyou 
can't manage 
n~hmy 

areyougomg 
to man~ 

later? 
Money's tight. You feel 
pretty lucky if you can 
stretch your paycheck 
enough to meet all the 
everyday expenses. It's 
harder than ever to save a 
buck. And how are you 
going to take care of the 
future, when you've got 
enough trouble just taking 
care of the present? 

But, you can manage to 
save-by joining the Pay­
roll Savings Plan where 
you work. It's a sure way 
to get started on a nest egg 
that you can depend on in 
the future. 

The amount you desig­
nate will be automatically 
set aside from your pay­
check and used to buy U.S. 
Savings Bonds, before you 
get your check, a nd before 
you can spend it. 

So, join the Payroll Sav­
ings Plan and start on your 
"secret stash" today. And 
then just relax and don't 
worry about tomorrow. 
You'll manage. 

Now E Bonds pay 5li % interest when held to 
maturity of 5 years, 10 months (4 % the first 
yea,r }. Bonds are replaced if lost, stolen, or 
destroyed. When needed they can be cashed 
at your bank. Interest is not subject to state 
or local income taxes, and federal tax may 
be deferred "ntil redemption. 

Take stock in America. 
Buy U.S. Savings Bonds. 
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New products 

a trimming feature permits the user 
to increase or decrease timing. De­
lay tolerance of± 10% is offered over 
the input range of 18 to 32 volts de. 
Output is SPNO closure to ground, 
0.3 ampere, derating to 0.1 A at 
125°C. Price is $45. 
Hl-G Inc .. Spring St. & Rte . 75 , Windsor 

Locks , Conn. 06096[383] 

Eight-channel multiplexer 

plugs into single IC socket 

The MUX20 I is an eight-channel 
multiplexer measuring 1.4 by 0.6 by 
0.4 inches. The unit plugs into a 

single IC socket and is TTL- and 
DTL-compatible. Designed as an in­
put to most types of data-acquisi­
tion systems, it has an accuracy con­
sistent with 12 bits or to within 
0.01 %, crosstalk of 0.0 I% at 1 
kilohertz, and a 500-kHz through­
put. Price for 1 to 9 units is $49 
each. 
Hybrid Systems Corp., 87 Second Ave ., Bur­
lington, Mass. 01803 [384] 

Linear amplifier has 

directional wattmeter 

Equipped with a directional watt­
meter, a linear amplifier is desig­
nated the model !OLA. The broad­
band unit provides 10 watts of 
linear swept power output from I to 
110 megahertz. Typical applications 
include antenna and component 
testing, wattmeter calibration, and 
EMI-susceptibility testing. The unit 
is also used as a driver for frequency 
multipliers and high-power ampli­
fiers , and as an rf source for nuclear 
magnetic resonance studies. The di­
rectional wattmeter allows the oper-

ator to determine the actual power 
delivered to the load. A variable at­
tenuator enables him to adjust the 
amplifier gain. 
Amplifier Research, 160 Schoolhouse Rd ., 

Souderton , Pa. 18964 [3851 

Switch module can handle 

240 input connection points 

A switch module is able to perform 
two functions. The first is the ability 
to couple any of 240 input connec­
tion points directly to any other of 
the remaining 239 input points. The 
second is the capability to switch 
each of the 240 points to a common 
bus line output, or select another of 
the 240 points and switch to another 

common bus line o utput. The 
switches have an on resistance of 
250 ohms. Price starts at $1,600 for a 
single unit. 
Counterscan Systems, Box 536, Sutton, 

Neb. 68979 [386] 

0-a converters consume 

40-mW maximum power 

The DAC-CM series of C-MOS dig­
ital-to-analog converters offers a 
maximum consumption of 40 milli­
watts at ±12 volts de to ±15 v de, 
achieved by using C-MOS quad 
switches. Accuracy is to within 
±0.01 %, and word lengths avai lable 
for the series are 8, 10, and 12 bits, 
with a choice of straight binary or 
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Ave ry calculating chip. Our S2 I 44, or 
"Golden Gate" chip as we call it, is a small 
miracle. It 's an 8-digit calculator chip that 
drives LEDs or Panaplex displays. A few of 
the product attributes are: 4 function, 
8-digit display • automatic constant in all 
functions • selectable arithmetic or 
algebraic mode • automatic round-off 
• chain operation • switch or key decimal 
setting • floating decimal on entry, and 
fixed or floating decimal on results. 
• products and quotients of sums and 
differences. 

A ve ry nice ROM, although surprisingly 
dense. Our 16K S8996 is the densest 
ROM you can find at the moment . It 's a 
pin-for-pin replacement of 8K ROMs made 
by AMI , Signetics, TI and GI. It even has 
4-bit programmable chip select, so you can 
put 16K ROMs in a system and program 
them to recognize their own select code. 
Other features include: TTL compatibility 
• output storage register for data retention 
• Ion implant for maximum speed at low 
power. 

Electronics / July 19, 1973 

As we're always on the leading 
edge of this technology, 
what's happening in MOS is 
happening right here. 

Ask your nearest AMI 
distributor or contact us for 
complete details. We'll give 
you the MOS for your 
money. 

American Microsystems, 
Inc., 3800 Homestead Road, 
Santa Clara, CA 95051. 
Phone: (408) 246-0330. 

We've got rhythm. The S8890 Rhythm 
Generator is made for use in complex 
electronic organs. It generates percussion 
instrument trigger signals and saves you 
money because a single LSI circuit contains 
both the Rhythm ROM and Counter. This 
is another example of AMI's product range 
and broad engineering capabilities. And the 
beat goes on. The Rhythm Generator has: 
64 bit voice pattern length • 10 voice 
pattern length selection for each instrument 
• 9 different percussion instrument drive 
signals • 5 ROM programmable voice 
pattern bit lengths • internal oscillator with 
extended frequency control • beat number 
display outputs (tube interface). 

AMI 
AMERICAN MICROSYSTEMS, INC. 

It's a wizard at the keyboard. 
The S902 l dynamic keyboard encoder has 
90-key, 4-mode capability. Like most AMI 
products, it gives you a great deal of 
flexibility in application. Its other features 
are : • TTL compatibility • N key rollover/ 
lockout select for error-free operation 
• optional serial output • teletypewriter 
standard ROM pattern. 

Our Liquid Crystals give you the right 
time and the right face . The 23550 is a 
3Y2-digit transmissive clock display. Our 
S 17 36 chip drives it directly . In our Liquid 
Crystal clock duo, you'll find: · large 
characters (.65 inches high) and wide 
viewing angle ( 160°) • very low LCD 
power requirements (10 mw) • 12-24 hour 
option • alarm with "snooze" capability 
• AM and PM display. 
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cams 

CLet's t~ 
about ··· 

GAfechanical 
GMemories ... 

Ever wondered why so many control systems still rely on mechanical 
and electromechanical components to perform "memory" functions? Why 
they haven't switched over to reliable solid-state electronics-yet? 

It's because performing such functions electronically would require 
two essential characteristics in a single solid-state memory 
system: (1) It must be ·quickly, easily and selectively 
reprogrammable to accommodate a variety of functions 
and function changes. And (2) it must not "forget" 
what it's supposed to do every time power is removed. 
Then, of course, there's the matter of cost. 

Now-how. many semiconductor memories are ~~ 
there on the market today that offer true non-volatility-.,, r'fffts 
plus selective, repetitive electrical alterability-plus 

non-destructive readout-all combined in · 1.·· . 
a single, low-cost, integrated array 7 · 1/' 
Just one/ And it's available now in standard a 
units ranging from 8-bit up to 2048-bit arrays 
that can readily be configured to meet 
your particular requirements. 

AMORPHOUS 
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M 
Non-Volatile/Repetitively Alterable 
Semiconductor Memory Arrays 
If you'd like to know first-hand how RM Ms can be used to improve 
your product's reliability, versatility and cost, our Systems Engineering 
Group will gladly evaluate your application and submit detailed 
recommendations. Just call or write Howard Klausmeier at: 

RMM DIVISION 

Energy Conversion Devices, Inc. 
1675 WEST MAPLE ROAD • TROY, MICHIGAN 48084 
TELEPHONE: 313/549-7300 . 

New products 

offset binary coding. Prices for the 
converters start at $99. 
Date I Systems Inc ., 1020 Turnpike St., Can­

ton, Mass. 02021 (387) 

Uhf power amplifiers 

deliver to 15 watts 

Three integrated uhf power ampli­
fiers deliver 10, 13 and 15 watts re­
spectively at 470 megahertz. They 
are designated the models R47M10, 

R47MI3 and R47M15 and operate 
across the range of 440- 470 mega­
hertz with 20-decibel gain. Price in 
lots of 100 for the 10-watt version is 
$31.20. The 13-watt and 15-watt 
units are $36 and $42 respectively. 
RCA Solid State Division , Box 3200, Som­
erville , N.J. 08876 (388) 

A-d converter offers 

20-ns throughput delay 

The model 7530 4-bit analog-to-dig­
ital converter is for use in radar, 
video, and laser range-finding sys­
tems. Features of the device include 
a maximum throughput delay of 20 

nanoseconds, a 50-MHz mm1mum 
word rate, and Schottky-TIL output. 
Price is $195 each for one or two 
units, $ 175 each for three to nine 
units, and $ 158 each for I 0 to 29 
pieces. 
Optical Electronics Inc., Box 1140, Tucson , 

Ariz . 85734 (389) 
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GREATEST YIELD 
IN THE ELECTRICAL FIELD 

ALLEGHENY LUDLUM STEEL 
GIVES YOU MORE FORYOUR MONEY 

Critical demands for leadframes 
in semiconductors are more than 
semifilled by Allegheny Ludlum. 
Our product range and consist­
ently high quality fill numerous 
needs. 

We coo earn your seal 
of approval ... with 
special steels for glass-to­
metal seals: AL 42 and 
4750. Sealmet 1 and 4. 
AL 430Ti. And 
others. All meet 
tightest tolerance 
requirements ... 
for sealed-beam 
headlights, 
fluorescent lights, 
electronic tubes. 

Wider strip? In widths up to 25 inches, our 
electrical alloy strip yields more good parts 
faster to cut costs. Sheet? Plate? Bar? Get the 

best ... for laninations and shieldings. 
Motors. Transformers. Generators. Relays. 

Solenoids. Vibrators. Cores. Check our 
Sealmet alloys. Or Ohmaloy. Mumetal. 

Moly Permalloy, etc.: all products of strict 
A-L quality control ... from computerized 
melting to final shipment ... for 
consistently superior characteristics. 

A pioneer in develop­
ing magnetic shielding 

materials, we stock 
Mumetal and · Moly 

Permalloy for prompt 
delivery. Our Resecrch 
Center, most elaborate 

in stainless and specialty 
alloys, helps solve spe­
cial shielding problems. 

For more on how America's leading producer of 
stainle~s aid speci~lty alloys can help you in the . A. lfa1·~allvl I 1.Jf11.ffl ~aal 

electrical field, wnte: Allegheny Ludlum Steel, ' lltl1 ''"'''- uUIUJ ,;,1.t1fil 
Dept. 331, Oliver Building, Pittsburg,, Pa. 15222. Oivisiono 7/eghenylualumlndustries 
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No-Problem Memory 
Looking for a high-speed mem­

ory that won't give you any prob­
lems? Look at our Micromemory 
3000. It's a reliable 3 Wire , 3 D core 
memory with a complete cycle time 
of 650 nsec, and 300 nsec access. 

Not only does the Micromemory 
3000 give you core reliability and 
low cost, but the compact conven­
ience of a complete memory sys­
tem - including all required logic , 
drive and sense circuitry-on a 
single printed circuit card. Maxi­
mum capacity per card is BK by 
18 bits, or 16K by 9. But you can 
stack the cards to get any size sys­
tem you need. Or we'll do it for you. 

In fact, the unit shown is our 
standard Micromemory 3000 chas-

sis. It can accommodate up to four 
individual memory cards plus 
power supply, self-test or interface 
cards and other features. Yet it is 
only 5V4-inches high, and fits a 
standard 19-inch rack. Other chas­
sis holding up to 16 cards are also 
available. 

With over two years' field experi­
ence, the Micromemory 3000 is so 
popular we are producing them at 
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the rate of 6000 a year. Combine 
this proven reliability, high perform­
ance and low cost in your next 
memory· system. Write or call Mel 
Zeramby at (213) 644-9881 for all 
the details. 

Emm ELECTRONIC 
MEMORIES 

COMMERCIAL PRODUCTS 
A Division of Electronic Memories & Magnetics Corporation 

12621 Chadron Ave .. Hawthorne, Calif. 90250 
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Our R10 relay series offers designers 
a whole family of AC and DC indus­
trial relays that combine extraordi­
nary versat ility of application, the 
reliability of telephone-type relays, 
plus small size {less than a cubic 
inch}. They are widely used in 
copiers, computer peripherals, busi­
ness mach ines, and precision instru­
ments. 

These relays have so many op­
tions that each model may literally 
be designed by you to meet your par­
ticular needs. This single family of 
relays, with many common mechani­
cal dimensions and mounting tech­
niques, cover the whole range of 
switching loads from dry circuit to 
10 amperes, 28 VDC, 120 VAC. There 
are terminal styles for octal plug, 

solder, or pc board mounting. And, 
sockets multiply design options even 
more. 

R10 relays can be ordered with 
Form A, B, C and D contacts and 
up to 8 Form C. Recognized by 
Underwriters Laboratories under file 
42810. R10 relays have a continuous 
power dissipation of 2.2 watts maxi­
mum. Standard sensitivity is 125 
milliwatts per pole (more sensitive 
units available on special order). 
Electrical life ranges from 100,000 to 
100 mill ion operations. 

for complete information on R10 
industrial relays , call your local 
P&B Representative . Or, call or 
write Potter & Brumfield Division 
AMF Incorporated, Princeton, Indi­
ana 47670. Telephone 812 385 5251. 

Solving switching problems is what we're all about. 

Relays shown actual size. 

FREE PUZZLE* 
Arrange the pieces so that no color 
or shape is duplicated in any row, 
column, or either diagonal. As an 
engineer, you should solve this puzzle 
in 27 minutes. 

Like to try your hand at solving 
the puzzle shown above? Ask your 
P&B representative for one. 
' " Bali-Buttons" .© Behaviora l Sc iences, Inc. 

A~F 

Potter & Brumfield 
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~t:oN"' (BL~o:rttotf*) 
A~ by any other na111e 

1Mill clean as 11Well. 
Why shouldn't BLACO-TRON pre- service you get only from Baron- withFREONwasdevelopedbyBaron 
cision cleaning solvent clean the Blakeslee-for 38 years the accepted Blakeslee! 
same as FREON: Their chemical for- leader in advanced design precision Exercise your right to choose 
mu las are identical. cleaning equipment and the solvents cleaning agent that is the chemic< 

DuPont calls their trichlorotrifluo- to go in them. equal to FREON-with the plus valu 
roethane " FREON" TF. We call ours In fact, chances are good that the of Baron-Blakeslee expertise. Pie 
"BLACO-TRON" TF. So now you machine you are now using to clean up the phone and contact yoL 

have a choice. BLACD"'RDN BLACO-TRON Distributor now .. 
If they're identical, why should you 'A he offers a full line of BLACO-TROJ 

try BLACO-TRON? Service. The FLUORINATED SOLVENTS-NOW THERE IS A CHOICE fluorosolvents. 

0 Baron• Biakeslee 1620 Sooth L"amle ••• .. Dept. FE, Chloago, Ill. 60660-0tt;ce• '" All P1loclpal Cltlos. 

•FREON is DuPont's registered trademark for its fluorocarbon cleaning agents. ••BLACO-TRON is Baron·Blakeslee's registered trademark for its fluorocarbon cleaning agent 
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Call your nearest 
Baron-Blakeslee "BLACO" 
SERVICE CENTER 
for prompt Solvent Service 
New England 

General Chemical Corp., Boston, Mass. 
(617) 872-1202 
The Hubbard-Hall Chemical Co. 
Waterbury, Connecticut 
(203) 756-5521 

Metro New York City, Northern New Jersey, 
Long Island 

Baron-Blakeslee, Garden City, N . Y. 
(212) LE9-8680 
(201) 687-7383 
(516) 747-8460 

South New Jersey, Eastern Pennsylvania, 
Maryland , Delaware 

Tri-State Chemicals, Inc. 
Blackwood, N.J. (Philadelphia) 
(215) L03-5071 

Southeastern United States 
Moreland Chemical Co. Inc. 
Spartanburg, S.C. 
(803) 5 8 3-8481 
Moreland Chemical Co. Inc. 
Greenville, S.C. 
(803) 242-3727 
Moreland Chemical Co. Inc. 
Augusta, Ga. 
(404) 722-3751 
Moreland Chemical Co. Inc. 
Atlanta, Ga. 
( 404) 457-4485 
Moreland Chemical Co. Inc. 
Kingsport, Tenn. 
(615) 247-7149 
Moreland Chemical Co. Inc. 
Charlotte, N.C. 
(704) 392-4301 
Moreland Chemical Co. Inc. 
Greensboro, N .C. 
(919) 292-0624 

Upstate New York, Northwest Pennsylvania 
Inland Chemical Corp., Syracuse; N.Y. 
(800) 348-4661 

Indiana, Ohio, Michigan 
Inland Chemical Corp. 
Ft. Wayne, Indiana 
(800) 552-4605 
Inland Chemical Corp., Toledo, Ohio 
(800) 348-4611 
Inland Chemical Corp. 
South Bend, Indiana 
(800) 552-4605 
Inland Chemical Corp., Cleveland, Ohio 
(800) 348-4611 
Inland Chemical Corp., Lima, Ohio 
(800) 348-4611 

Illinois, Wisconsin, Minnesota, Iowa, 
Missouri, Nebraska 

Baron-Blakeslee, Chicago, Illinois 
(312) 656-7300 
Baron-Blakeslee, Milwaukee, Wisc. 
(414) 762-6850 

No. California, Nevada 
Baron-Blakeslee, San Francisco, Calif. 
(415) 591-8237 

Oregon, Washington 
Baron-Blakeslee, Portland, Oregon 
(503) 252-3468 

Southern California, Arizona 
Baron-Blakeslee, Los Angeles, Calif. 
(213) 532-0730 

San Diego Area 
Baron-Blakeslee, San Diego, Calif. 
(714) 295-0041 
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New products 

Instruments 

ROM programer 
sets bits fast 

Three models in line 

include ~utomatic 

verification , LED display 

Along with the growing use of pro­
grainable read-only memories in 
microcomputers and other equip­
ment has come the need for instru­
ments to program them. The model 
810 ROM programer, made by Pro­
Log 'Corp. , is designed to program 
the Intel l 702A erasable 2,048-bit 
ROM, -either from the instrument's 
internal keyboard or from a master 
ROM. 

A similar programer, model 811 , 
is for the Microsystems I nter­
national Ltd. 1702 chip, and the 
Pro-Log model 812 is designed for 
the National Semiconductor 5203 
ROM. 

The 1702 is organized into 256 
words of 8 bits each, and the pro­
gramer can program a ROM from 
the hexadecimal keyboard in about 
15 minutes. Duplication of that ROM 

then takes about 20 seconds or 
longer, depending on the content. In 
addition to programing, the instru­
ment can automatically verify that a 
ROM matches a reference. A light­
emitting-diode display will verify 
the content of each addressed word . 
Words are displayed in four-digit 
hexadecimal, with addresses in 8 
bits. 

The unit can also program a ROM 

that is not quite identical to a refer­
ence but has changes in certain ad­
dresses. It will store up to 16 
changes per ROM before proceeding 
with the programing. 

The controller for the 810 is a 
programed logic system itself and is 
adaptable to operation from a tele­
typewriter, a paper-tape reader, and 
other equipment. An ultraviolet 
light will erase ROMS for reprogram­
ing. Quick-load, zero-insertion-force 
sockets are used for the ROMS, and 
the instrument operates from either 

110 or 220 volts at 50 watts. 
The instrument is packaged in an 

18-by-12-by-4.5-inch attache case 
weighing 15 pounds. 

Options include the ultraviolet 
light source, paper-tape reader and 
teletypewriter. The teletypewriter 
interface permits programing with 
an ASR-33, including using its pa­
per-tape reader and punch, or read­
out of programs stored in paper or 
on tape. Normal code is ASCII, with 
hexadecimal characters. 

The 810 ROM programer has a 
price tag of $1 ,900. 
Pro-Log Corp ., 2826 Metropol itan Pl. , Po­

mona, Calif . 91767 (351 ] 

Rf power meter measures 

pulses and continuous wave 

An rf power meter, designated the 
model 10 l 8A, measures the peak 
power of radio-frequency pulses in 
addition to measuring continuous­
wave power. The measured pulse 
may be a single isolated pulse or in­
dividual pulses in a train. The in­
strument handles pulses lasting 0.20 
microsecond and longer, and pulse 
repetition frequency can range from 
a single pulse to above I megahertz. 
In addition, the model 1018A offers 

..... , .. . " .. -· .. ,· ~= -.. 
• .. : ~ · o.· . 

,_ .... ., .. ..,. "'· I.,........., ._. -. ,.1, _ __ 
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Now Measure Light Directly­
in Any Optical Units* 
The New IL 700 Radiometer with easily 
programmable 20-decade readout 
*even luminous phosage, milliphots, finsens , vitons, etc. 

Features 
• measures UV, visible, 

infrared- 240-llOOnm -
flash or DC 

• sensitive- measures 
10- 13 watts/cm2 or 
10- 6 footcandles 

• integrates- resolves flashes 
from 5xl0- 9 sec. to 5 min. 

• 3V2 digit readout-400% overranging 
• lightweight, field-portable . .. battery or AC operation 
Applications 
• Radiometry, photometry, spectroradiometry, densitometry 
• Ultraviolet radiation haz.ards • Photolithography (photoresist) 
• Environmental studies- atmospheric and oceanographic. 

International Light, Inc. 
For complete details contact ~ 

Dexter Industrial Green, Newburyport, international light,.c. 
Ma. 01950 Tel. (617) 465-5923 
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I bank what $250 buysl I 
I FREQUENCY 

XlO 

It buys Systron-Donner/ Datapulse's 2 MHz function generator. The other two 
low-cost function generators, listing at $249, both stop at 1 MHz. Why not get 
an extra MHz for only $1 or $5 more? Plus better specs to boot! D S-D Model 
400 : •Frequency 0.02 Hz to 2 MHz • accuracy ± 2% typical• FM range 1000:1 
• sine, square , and triangle • 1 % sine distortion • 20 v pk-pk (10 v into 50 
ohms) output • ± 1 O v offset • 50 or 600 ohms output impedance. D Contact : 
your nearest Scientific Devices office or Systron-Donner, Datapulse Div., 10150 
W. Jefferson Blvd ., Culver City, CA 90230. 

172 

DATAPULSE 
DIVISION 
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New products 

a cw frequency range from JOO MHz 
to 12.4 gigahertz. An option permits 
measurements to 18 GHz, and a 
'data-output option is also available. 
Price of the basic model is $3,500. 
Pacific Measurements Inc ., 940 Industrial 

Ave ., Palo Alto , Calif. 94303 [352) 

Digital multimeter offers 

1 -microvolt sensitivity 

A fully autoranging five-digit mul­
timeter offers a I-microvolt sensi­
tivity, four ac ranges with 10-µ,v sen­
sitivity, five ranges of de ratio, four 
ranges of ac/ de ratio, and six resist­
ance ranges from 1 milliohm full 
scale to 12 megohms full scale. For 
users who do not require the extra 

capability, the ac and de ohms con­
verter can be dropped, so that price 
of the instrument with full capabil­
ity is $995 , while the unit without 
converter is $795. The meter has an 
input resistance of 10,000 megohms. 
Cimron Instruments, Lear Siegle r Inc .. 714 

N. Brookhurst, Anaheim, Calif. 92903 [353) 

Plug-in modules measure 

low resistance ranges 

The model 1700 resistance measure­
ment system consists of a digital 
converter and four ohmmeter plug­
in modules, each with a different 
measurement range : to 20 ohms 
with resolution to I microhm, to 200 

---
>l' i. 
' . _.,..._,. 
-··· .... ~~~ , -= - -
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SOLi TRON GIVES YOU.THE 

AT HALF THE 

10 AMP, 200 VOLT 
HI-REL INDUSTRIAL TRANSISTORS 

Solitron's versatile 10 Amp, 200 Volt, Sili­
con NPN Power Transistors are ava ilable in 
a low-cost series wh ich can rep lace many 
expensive hi-rel industrial devices. For half 
the price of other units, they provide the same 
performance characteristics. The transistor series 
is available in a wide range of T0-3 (SOT 1611-1638) 
and T0-66 (SOT 1641-1668) packages with mu lt iple 
gain selections and VcEO's from 40 V to 200 V. Features ..., 
include multiple diffused planar process for excellent rel iability; 
excellent fast-switch ing characteristics, with low turn-off time; 
and Safe Operating Area (SOAR ) specified for forward and 
reverse-biased operation. 

WHY PAY MORE? 
When Solitron Transistors Do The Job For Less? 

For complete information, w rite: 

E3olitron 
DEVICES, INC. 

1177 BLUE HERON BLVD./ RIVIERA BEACH, FLORIDA 33404 I !305) 848·4311 TWX : !510) 952 -7610 

SAN DIEGO, CALIF. RIVIERA BEACH, FLA. PORT SALERNO. FLA. 
8808 Balboa Ave. 1177 Blue Heron Blvd. Cove Road 
CMOS. PMOS Circuits Hi-Rel Power Transistors Microwave Connectors 
Diodes, Rectifiers, & SI & Ge. Power Plaxial IR) Cable 

Zeners Transistors Precision RF Coaxial 
FET & Dual FET Hi-Rel Power Hybnds Connectors 

Transistors PNP-NPN Industrial 
High Voltage Assemblies Transistors 
Linear & Monolithic !C's 

Electronics / July 19, 1973 

JUPITER, FLA. 
1440 W. Indiantown Rd. 
Microwave Stripline 

Components · 
Microwave Diodes 
Microwave · CATV 

Transistors 
Hi-Rel Power 

Trans is tors 

TAPPAN, N.Y. 
256 Oak Tree Road 
Diodes & Rectifiers 
Ferrite & Ferrite Devices 
High Voltage Assemblies 
Power Rectifiers 
Thick film 

Hybrid Circuits 

BEDFORD, ENGLAND 
Edison Road 
Elms Industrial Estate 
Solidev, Ltd. 
Full line of 

Solitron devices 

HONG KONG 
P. 0. Box K-2042 
Kowloon, Hong Kong 
Solidev/ Hong Kong Ltd. 
Full line of 

Solitron devices 
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New Time Code Translator /Gen­
erator - Precision unit provides simul­
ta neous and independent generation 
and translation of any time code format. 
All modular plug-in design and wire­
wrap interconnection eliminates "mother 
boards " for easier maintenance and 
f ield modification. Seven-segment gas 
discharge displays present outstanding 
readability . Days, pulse rate and parallel 
outputs are standard. 
MOXON / SRC CIRCLE 208 

I -==iii. 

New Search and Control Unit -
Fully automatic, self-contained un it con­
trols magnetic tape transport. It features 
multiple .search modes for wider system 
applications plus adjustments for best 
search operation characteristics. Auxi l­
iary outputs included for control of data 
reduct io n processes . Plug-in circuit 
boards replace difficult to service 
" mother boards. " 
MOXON/SRC CIRCLE 209 

New 16-BIT Digital Generator for 
Bread-Board Testing - Simple-to­
operate Model 901 has three power sup­
pl ies built-in for fast, easy breadboard 
testing (0 to 7 VDC, O to + 15 VDC and 
O to - 15 VDC) . Latching pushbutton 
switches quickly program 16 digital bits 
in serial, dynamic parallel or " hard ­
wired " parallel form . Outputs offered are 
repetitive, non-repetitive and popular 
" walking " combinations . Rates to 15 
MHz. 
MOXON / SRC CIRCLE 210 

SRC 

Ill 
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Moxon lnc/ SRC Division 
2222 Michelson Drive 
Irvine, California 92664 
Phone: (714) 833-2000 

New products 

ohms with resolution to 10 mi­
crohms, to 2 kilohms with resolution 
to I 00 microhms, and to 20 kilohms 
with resolution to 1 milliohm. Posi­
tive or negative logic and the plug­
ins needed are left to the customer 
to specify. Price ranges from $350 to 
$850. 
Electro Scientific Industries Inc .. 13900 NW. 
Science Park Dr., Portland, Ore. 97229 

[354] 

Function generators 

have 20-MHz capability 

A 20-MHz function generator, part 
of the company's Gold Line Series, 
includes output amplifiers with 3-
decibel limits above 60 MHz. In ad­
dition, rise time is specified a t I 0 na­
noseconds, with 7 ns being typical. 
Output range is 24 volts peak-to­
peak open circuit, 12 v peak-to-peak 
into 50 ohms. Other specifications 
are 5% to 95% symmetry control, 

-·~~,... I 
t• 

output frequencies down to 0.02 
hertz, and a 0- 80-dB attenuation 
range. Waveforms include triangle, 
sine, square, pulse, and sawtooth, 
with or without offset. The model 
520 is priced at $695, and the model 
521 with trigger and gating sells for 
$795. 
Ailtech, 19535 E. Walnut Dr., City of Indus­
try , Calif. 91748 [355] 

Portable oscilloscope offers 

de to 20 megahertz operation 

Providing de to 20 megahertz wide­
band operation, a miniature line- or 
battery-operated portable oscillo­
scope, the model PSO 1 OA, offers a 
vertical sensitivity of 10 millivolts 
per division and a time base of 100 
nanoseconds to I 00 milliseconds per 
division. Batteries are internal and 

Tung-Sol® 
Modular Bridge 
Rectifiers Have 

Highest Surge Ratings 
Junction sizes enable Tung­
Sol modular bridge rectifiers 
to wi t hstand single cycle 
su rges of 300 to 400 am­
peres. These exceptionally 
high ratings provide circuit 
designers w ith maximum 
protect ion against ·over­
loads. Check all of the high­
performance characteristics 
of Tung-Sol bridge rectifiers. 

Single Phase Bridges 

8-50 Series-DC rating: IOA@ 75°C 
case. Forward surge rating: 300A@ 
rated load. Ratings from 50 to 600 
PRY per leg. Epoxy case construc­
tion. 
8·40 Series-DC rating: 15A@ 75°C 
case. Forward surge rating: 300A @ 
rated load. Ratings from 50 to 1,000 
PRY per leg. Epoxy case construc­
tion. 
8·10 Series-DC rat ing: 30A@75°C 
case. Forward surge rating: 400A@ 
rated load. Ratings from 50 to 1,000 
PRY per leg. Aluminum case con­
struction. 

8-20 Series- DC rating: 35A @ 75°C 
case. Forward surge rating: 400A @ 
rated load. Ratings from 50 to 1,000 
PRY per leg. 

Write for complete information . 

SILICON PRODUCTS SEC TION 

WAGNER ELECTRIC CORPORATION 
630 West Mt. Pleasant Ave. Livingston. N .J . 07039 

TWX : 710-994-4865 PHONE : (20 1) 992-1100 
(212) 732-5426 

Trademark TUNG-SOL Reg. U. S. Pat. Off. and 
Marcas Registradas 
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Toggle switches 
that help do everything &om nab a speeder 
to catch a heartbeat. 

when you 're in the market 
for toggle switches. 

Right now, our 
devices are in use on 
everything from 
electronic speed 
calculators(TW) to an 
electrocardiograph(AT). 
ir r other words, just about . 
every application where 
precise operating charac­
teristics and reliability are 
important. 

Both features are built into 
our com­
plete line. 
From our 
inexpensive 
Series 8 to 
our moder-

ately-priced TL. So 
no matter how 
demanding your 

application is, you 
can feel confi­
dent of getting 
the right switch 
for your job. 

We offer 
a broad 

selection of circuitry, 
size, electrical ca­
pacity, sealing and 
toggle action, as 
well as UL listed and 
military-approved 
versions. There's 
also a choice of over 
60 different levers to help you 
customize your panel. 

This allows design free­
dom that has been put to use 
in some unusual places. For 
example, the next time you're 
tuned in to a traffic report, 

M ICRO SWITCH product s are available wor ldwide t hrougri Honeywell International . 

Electtonlcs/July 19, 1973 

there 's a good chance our 
TL and ET environmentally­
sealed switches will be helping 
the traffic copter help you. 

Let one of our Application 
Engineers help you with your 
application . Contact your 
MICRO SWITCH Branch Office 

or Authorized 
Distributor 
(Yellow 
Pages, 

"Switches, 
Electric") for 

more information . 

MICRO SWITCH 
makes your ideas work 

MICRO SWITCH 
FREEPORT ILLINOIS 61032 

A DIVISION OF HONEYWELL 
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THE X-Y EFFECT 

x. 
Recent ly, we received an assignment 
from customer X to work with him in 
the development of his new product. 
Our monolithic crystal filter was to 
be a key part of his product's sys­
tem. We started with him on his 
project at earl iest breadboard and 
carried through over a two year span 
to final manufacturing. We worked in 
close collaboration with X, tailoring 
filter and product to one another. 
The result is a product unique in its 
field, wh ich, based on performance 
and cost , has ga ined outstand ing 
market acceptance. Our custom mon· 
ol ith ics helped. 

Y. 
Not every new product requ ires two 
years to develop. Customer Y saw an 
immediate market for a new applica ­
tion of radio control. But his existing 
control receiver would be subject to 
interference in the new environment. 
Time was short. We were consulted, 
and recommended a standard model 
filter that provided the necessary i·f 
selectivity. Prototypes were sh ipped 
from stock. Later we were able to 
speed his first production run by sup· 
plying severa l hundred of the same 
standard model filter in less than 
four weeks. In addition to saving 
t ime, customer Y was able to take 
advantage of standard model engi · 
neering and pricing for his requ ire ­
ment, which eventually tota led a very 
modest, but highly successful, 1500 
un its for Y. 

And success is the name of the game. 
Whether it's a brand-new project or 
a fast retread of an old standby 
we've got the filters to make your de­
sign successful. First there's the in­
dustry's largest selection of standard 
model monolithic and tandem mono­
lithic crystal filters. And when it 
comes to custom modes, our un­
matched experience assures you of 
the sound engineering advice you 
need. Last but not least, our un­
equalled capacity gets you your pro­
duction units on time. We've proved 
it for X and Y and we'd like to add 
you to our alphabet. Drop us a line 
or call us. 

Plezo Technology Inc. 
2400 Diversified Way 
Orlando . Florida 32804 
305-425 · 1574 

The Standard in monolithic 
crystal filters. 

New products 

may be nickel cadmium, alkaline or 
flashlight cells. Up to five hours' op­
eration can be obtained from nickel­
cadmium types. Price of the port­
able scope is $595, and delivery 
time is 30 days. 

Vu-Data Corp., 7170 Convoy Court, San 

Diego , Calif . 92111 (356) 

Multimeter-counter 

simpl ifies calibraton 

D esigned for field service and labo­
ratory use, a 4Yz-digit multimeter­
coun ter offers ac and de vo1tage 
m easurement, as well as resistance 
and frequency measurement. Nor-

mally, such a meter would require 
17 calibration points, one for each 
scale, but this model's circuit com­
monality makes it possible to reduce 
them to 12 points. Price of the instru­
ment is $695. 
California Instruments, 5150 Convoy St., 

San Diego, Calif. 92111 (357) 

Multimeter can measure 

up to 500 volts de 

A multimeter designed with field-ef­
fect-transistor circuitry is designated 
the model WV-530A. T he unit can 
measure up to 500 volts de in six 
ranges and up to 500 v ac in four 
ranges. Input resistance is 10 meg­
ohms on all de ra nges, and accuracy 
is to within ±3% of fu ll scale. The 
unit a lso measures up to 1,000 meg­
ohms in fo ur ranges and ac voltages 
at freq uencies up to 50 kHz. De cur-
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Li~uid 
Rivets, 
Bolts, 
Nails, 
Staples, 
Etc. 

One drop goes 
a long way in fas­
tening almost any­
thing to almost 
anything. 

Metals, for in­
stance. And 
plastics. And ce­
ramics. And 
rubber. 

Eastman 910® 
adhesive bonds 

I 

fast , too. Almost 
instantaneously. With only 
contact pressure. 

Tensile strength? Up to 
5,000 psi at room temper­
ature. 

New Eastman 910 MHT 
and THT grades hold when 
the heat is on. Even over 
400°F. 

For further data and 
technical literature, write: 
Eastman Chemical 
Products, Inc., Kingsport, 
Tennessee 37662. (:I 
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Comparator Supermarket 
Variety that lets you pick exactly what you need. 

NE521 ± 5 

NE522 ± 5 10 

NE526 ± 5 10 

NE527 ± 5 to ± 12 10 

NE529 ± 5to ± 12 10 

µA710 + 12, - 6 

µA711 + 12, - 6 

LM311 + 5, GND to ± 15 

Life sweetens a little. When you can get every­
thing in comparators, from the fastest TTL to the 
f inest precision with one call , you save a lot of 
migraine and a lot of bucks. 

5 

The chart also tells you something else. You can 
choose exactly the device you 
want for each of many different 
requirements. So you can 
optimize your systems , 
which gives you one kind 
of economy. And you can 
combine your comparator 
orders to get more econ­
omy. Known as smart­
money thinking. 

Say one of your 
interests is speed. You 
look at the four listed 
comparators that go from the 
NE527 with 16nS propagation delay 
down to the NE521 , an 8nS dual. That's a 
spectrum you 'd be looking in if you ' re building MOS 
memory sense amps, or maybe a Schottky line 
receiver. 

If you turn around and go to the other end, pre­
c ision, the nastiest you 'll probably specify is the 
LM311. When you want it, you 've got it. 

The middle ground is where you trade off. For 
speed versus precision, as in gl itchless voltage 
comparison and peak detection, the versati le NE526 
hits the right balance. If it 's straight price you 're 
fi ghting, for appl ications that are pretty much 
standard, grab the µ.A710/711 . 

5.0 20.0 7.5 

5.0 20.0 7.5 10 15 

5.0 35.0 5.0 40 48 

0.75 2.0 6.0 16 26 

5.0 20.0 6.0 12 22 

5.0 25.0 5.0 40 

15.0 100.0 5.0 40 

0.05 0.250 7.5 200 

Standard 
Economy 

It just makes sense for a supplier of com­
parators to build the full line in quantity. Signetics 
figures it ought to make the same sense to a design 
engineer to check first with the supplier who has that 
philosophy. 

So check. The left hand column is reserved for 
you. 

CLIP THIS COUPON TO YOUR LETTERHEAD 
FOR IMMEDIATE ATTENTION . 

Signetics- Comparators 
811 E. Arques Avenue 
Su nnyva le, Califo rnia 94086 
(408) 739-7700 

I'm sending the coupon instead of the " bingo card " because 
I'd like some technical details reasonably promptly. Please send 
the data sheets on the full comparator line, plus any applications 
information you have ly ing around. 

Name Title 

Company 

Address 

City State Zip 

Signetics Corporation, a subsidiary of Corning Glass Works 

!ii!IDDliC!i 
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NEW 
SHORTER 

CASE! 
SCHAUER 

1-WATT 

ZENERS 
.160 MAX. All welded 

DIA. and brazed assembly 
No fragJle 
nail heads 

~ High pressure 
·.J~O molded case 

.028 DIA. 
GOLD PLATED 

"'·-1:~ 

NICKEL CLAD 
COPPER LEADS 

U.S.A. Made ALKYD RESIN l..L • 1 
8 -16 

SAME LOW PRICES FOR 
1 % TOLERANCE ZENERS 
ANY VOLTAGE 
FROM 2.0 TO 18.0 

Quantity 
1-99 
100-499 
500-999 
1000-4999 
5000 up 

Price Each 
$1.07 

.97 

.91 

.86 

.82 

IMMEDIATE SHIPMENT 
Send for rating data and 
20%, 10%, 5% and 2% 
tolerance prices. 

Semiconductor Division 

SCHAUER 
MANUFACTURING CORP. 

4514 Alpine Ave .. Cincinnati , Ohio 45242 
Telephone 513/791-3030 

New products 

rent is measured to 500 milliam­
peres in three ranges. Price is about 
$59.90. 
RCA Electronic Components, 415 S. 5th St., 
Harrison, N.J. 07029 [358] 

Preamplifier increases 

sensitivity of recorders 

The model 20 portable pre­
amplifier is designed to increase the 
sensitivity and resolution of graphic 
recorders, oscilloscopes, and meters. 
It provides gain in 10 steps from 1 to 

1,000, including zero-check and 
built-in suppression for up to ± 100 
mv in two steps, with dual polarity 
and digital vernier for repeatability. 
The increase in sensitivity, plus sup­
pression of de offsets, enhances sig­
nal resolution. Price is $396. 
Fogg System Co. Inc. , 1380 S. Dahl ia St. , 
Box 22226, Denver, Colo. 80222 [359] 

Sweep generator covers 

from 1 to 500 megahertz 

The model WB-711 is a sweep gen­
erator covering from 1 to 500 mega­
hertz in one band. Specifications in­
clude : impedance of 50 ohms, 
power output of 10 dBm, sweep rate 
of 0.5 to 60 hertz, flatness of ±0.25 

dB, and a sweep width of 0.1 to 500 
MHz. Price is $735. 
Texscan Corp ., 2446 N. Shadeland Ave. , In­
dianapol is, Ind. 46219 [360] 
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Doyou~d 
)'9ur vacations 

at home because 
thatS all 

you can afford? 

Vacations are something 
special. 

Only it takes a little sav­
ings t.o get out and enjoy 
them. 

& why not do the smart 
thing. Join the Payroll 
Savings Plan now where you 
work and start buying U.S. 
Savings Bonds. You'll build 
up a vacation fund sooner 
than you think. 

Bonds are a dependable 
way t.o save and earn a good 
rate of interest, t.oo. 

Buy U.S. Savings Bonds 
through the Payroll Savings 
Plan. You'll find you won't 
be sitting at home anymore 
thinking about how good 
your vacations could be. 

Buy U.S. Savings Bonds 
Now E Bonda pay 5}.i3 interest when held 
to maturity of 5 years, 10 months (43 the 

~~'J~~~J.oWct;e:~:;r~c~e~ !~~·i:olen , 
cashed at your bank . Interest is not subject 
to state or local income taxes, and federal 
tax may be deferred until redemption. 
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Announcing standard off-the-shelf SH P packaging components . .. 

Navy Standard 
Hardware Program packaging 

made easy and profitable 

If you're supplying equipment to Navy 
Standard Hardware Program guide­
lines, our ingenious new SHP Packag­
ing System will make coming up 
with the packaging absolutely 
simplistic and halve your 
packaging costs at the 
same time. 

No sweat SHP 
First off, we make de­

signing the packaging so 
effortless we estimate 
you'll cut your total 
design load for the pro­
curement by a third 
because that's what 
our first custom­
ers are expe­
riencing. 

Production 
consists of putting parts 
together - just a handful of . 
different kinds - like an erector 
set. Only easier. That saves you thou­
sands of dollars in design time, in dies 
and other tooling and a lot of trouble 
to boot. 

Conduct ive, convective and st rong 
And when you get finished you'll have 

packaging for your circuitry with the 
high order of thermal efficiency you'd 
expect from industry's leading manu­
facturer of circuit heat dissipating de­
vices. Plus mechanical integrity that's 
ready for the most demand­
ing environments. 

Packaging that cannot 
be individually pro­
duced for twice 
the price. 
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~ages to accommodate any combina­
tions of the various SHP mod­

t hat cost 
proposal 

That's a pencil-
sharpening fact you can ill afford to 
ignore if you're in the middle of prepar­
ing a proposal in response to an RFP 
that calls out SHP - or if you ever ex­
pect to bid an SHP program. 

Here's how our new SHP Packaging 
System works: 

We've designed six basic parts -
plus a few specials for unusual con­
figurations -with which you can build 

circuit module housings conforming to 
Navy Avionics Facility, Indianapolis, 

guidelines and dimensions for any of 
tli ~ common SHP-defined circuit 

modules using nothing but a 
screwdriver. 

Ad infinitum 
You can build these pack-

ules, and the poten­
tial dimensions 
of the packag­
ing in span and 
depth are for 
practical pur­
poses limitless. 

In fact, our. 
system is so 

versatile it can 
be adjusted to han­

dle non-SHP-dimen­
sion modules as well. If 

you need any kind of mod­
ule housings and like to save 

money, the IERC SHP Pack­
aging System is for you, too. 
OK , you say, I'm interested. 

What's the first step? 
Paper reveals all 

Phone, write, or circle to get our hot­
off-the-press 17-page paper that gives all 
the details including engineering draw­
ings of parts and assemblies and a sec­
tion on how to design SHP packaging 
using the IERC system. 

If you're involved in SHP or ever ex­
pect to be, get involved with the IERC 
SHP Packaging System today. 

Ask about our SHP module plates 
including our revolutionary Metal Core 
Circuit Board plates for extremely high 
power densities, too. International Elec­
tronic Research Corporation, a subsid­
iary of Dynamics Corporation of Amer­
ica, 135 West Magnolia Blvd., Burbank, 
Calif. 91502. (213) 849-2481. 

Heat Sinks/Dissipators 
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The fujitsu Quality for Sale 
in Reed switches. 
FUJITSU 

Fujitsu Reed Switches are 

ultra-miniature with high performance, 

as shown in Table 1. 

FDR-3K was especially designed 

for use in higher level electrical 

loads (at 1 OOV AC, 

0.5A resist ive load), 

providing high 

rel iability and long life 
Heavy load li fe test characteristi cs (1 00V AC 0 .5A resisti ve load) 

( 106 operations) 

even though 

no larger than conventional 

micro dry reed switches. 

FUJITSU LIMITED 
Conunu.nicaliorw and ltectron.i.cJ 

Marunouchi, Tokyo, Japan 
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OPERATIONS 

<Table 1> Fuj itsu micro reed switch series 

Reed Contact Contact Pull ·in 

+ 

Drop-out Operate Release 
Switch Form Rating Ampere- Ampere-

Time Time Turns Turns 

FDR-3K A(make) 30VA DC 
( l A maxJ 

Center Gap f/JVA AC 
(1A maxJ BOOµ s 50µs 

FDR-3 A(make) 20-60 Bmin. max. max. 
10VADC including including 

'oMOC ) 
contact contact 

FDR-4 Center Gap bounce bounce 
max. 

A( make) 
100V DC 

FDR-7 max. 
20-52 10min. 

Off-set Gap 

MEMOREEO Self- 5VA DC 85±10/ - 28±5 / 
FDR-8 

latching 
(0.5A maxJ 

1.5ms. O.lms. 
Type 110±10 -24±10 

• Over-all length : 56mm(FDR3K, FDR-3) "44.2mm (FDR-4), 40mm(FDR-7), 45mm(FDR -8) 

Initial 
Contact 
Resistance 

150mn 
max. 

1oomn 
max. 

• Glass length : 21.5mm (FDR3K, FDR-3) 16.5mm(FDR-4), 15.0mm(FDR-7), 25mm(FDR-8) 
• Glass diameter(max) : 2.7</>mm(FDR3K, 3, 4, 7and 81 
• MEMOREED: Self-latching Reed Switch 

For further information, please contact: 
Head Office: 6· 1, Marunouchi 2 Chome, Chiyoda-ku, Tokyo 100, Japan Telex : J22833 
New York: 680 Fifth Avenue, New York, N.Y. 10019. U.S.A . Phone : (212) 265-5360 

8 107 

Dielectric 
Withstanding 
Voltage 

500V DC 
(1 minJ 

350V DC 
(1 min) 

600V/ 
BOOVDC 

(1 minJ 

Fujitsu California Inc.: 1135 East Jan is Street, Carson, California 90746, U.S.A . Phone: (2131 636·0858,(213) 537-8930 

MAIN PRODUCTS O Te lephone Exchange Equi pment O Carrier Tran smission Equipment O Radio Communication Equipment OS pace Electronics Systems D Electronic 
Compu ters & Peripheral Equipment (FACOM) O Telegraph & Data Co mmunication Equ ipment D Remote Control & Telemetering Equipment D Elec t ronic Com ponents 

180 Circ le 180 on reader service card Electronics/July 19, 1973 



Profits in motion 
for communications 

equipment 

1 

2 

You can reduce assembly and inventory costs, get 
reliable total functions in minimum space, and ob­
tain application help when you ask TRW /Globe to 
build your motion package. 

Four builders of communications equipment can 
affirm this from their experience with the pack­
ages on this page. 

1. TRW /Globe supplies this complete cassette 
drive module for a telephone answering system. 
The customer avoids assembly costs as well as 
the problem of aligning the two output shafts. 

2. This blower was built to fit the space available 
after most of a military transceiver had been de­
signed . TRW /Globe also helped the customer de-

termine the system 's resistance to air flow. 

3. TRW /Globe meets all functional requirements 
in this rotary actuator for switching bands on a 
military transceiver. The package includes gear­
ing, limit switch , mechanical stop, slip clutch, elec­
tro-mechanical brake, and filter. 

4. This package drives the scanner in a facsimile 
transceiver. TRW /Globe 's experience with hys­
teresis synchronous motors assures that both the 
transmitter and recorder will be synced. 

To get your profits in motion, call or write: TRW/ 
Globe Motors, an Electronic Components Division 
of TRW Inc .. Dayton. Ohio 45404 (513-228-3171). 

TRW GLOBE MOTORS 
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The Brazed Magnetron 
Anode Is Dead 
Hitachi Patent !f os. 3,678,575 and 3,719,068 for Manufacturing 
Magnetron Anodes Now Available for Licensing. 

5.0 

4.0 

3.0 
a:' 
3' 
'.j 2.0 

1.0 '-----'------'-----'---=----'----'--_.__~ 
- 4 - 3 - 2 - 1 0 2 3 4 

Frequency(mc)-

DEFORMATION PROCESS DIAGRAM OF Q FACTORS 

Hitachi is opening up 
thousands of its patents. 
And, where it's needed, 
backing up the patents with 
the suitable technology. 
We'd like to tell yoµ about a 
process for manufacturing 
magnetron anodes that may 
be of interest to you. 

Hitachi U.S . Patent Nos. 
3,678,575 and 3,719,068 
applies to our process for 
mass producing magnetron 
anodes. And at the same 
time improving their 
quality. 

By applying a preliminary 
plastic deformation to the 
metal stock, the plastic flow 
of material is facilitated dur­
ing subsequent press work. 
Consequently, we are able 
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to press out magnetron 
anodes by employment of a 
special processing procedure 
to the conventional cold 
hobbing process. 

Our patents mean that 
you can stop the costly 
brazing of vanes to the 
outer wall of the anode. It 
means that you can attain 
working accuracy within 
0.05mm (two times better 
than by conventional meth­
ods). That you can improve 
the overall quality of your 
anodes by as much as 32%. 
And that you can decrease 
cavity loss by as much as 
30%. 

Finally , it means that by 
mass production you can 
lower the cost of your 
magnetron anodes by up to 
50%. 

To find out more about 
Hitachi's cold hobbing pro­
cess for manufacturing 
magnetron anodes, please 
write us at the address 
below. 

~HITACHI 
Hitachi, Ltd. 
Area section A (Patent Group) 
International Business Operations Division 
6·2, 2·chome, Ohtemachi, Chiyoda·ku, 
Tokyo 100, Japan. 

Electronics/ July 19, 1973 



(/) 
Ii. 
0 

5000 production-line types -Im' 
make us dominant in discretes U 
Our standard line of discrete semiconductor devices in-
cludes more than 5000 separate types. More than 2000 of ::::s 
them have been introduced within the last two years. Newer 
entries include 3 A rectifiers with PRVs to 1200 V; tuning 
diodes; 400 mW, 500 mW and 1 W zeners in glass hermetic 
packages and monolithic 16-diode arrays in ceramic DIPs .,, 
made with the latest ion implantation techniques. Among the 
old standbys are silicon transistors, 4-layer diodes and just 
about every type of silicon and germanium switching diode c 
ever offered by anybody anywhere. Get with the people who 
still think discretes are important - write for details today! 
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Dia light 
sees a need • • 

(Need: A large 5/a" high LED readout at a low $4.95 * price.) 

See Dialight. 
Each digit in this bezel assembly contains a Dialight light­
emitting diOde, decoder/ driver, and resistor network that 
produces a bright, highly visible readout that can be 
easily installed in a panel. The readout display is supplied 
with discrete gallium phosphide or gallium arsenide phos­
phide diodes arranged in a seven-segment format. These 
generate a bright, highly legible red character (0.625 inch 

high-the largest size character in the industry) with the 
lowest power consumption for a character of this size. 
Ideal for mounting on a control panel, or in a digital 
clock, meter, credit-card verifier, TV channel indicator, or 
hospital room status-board indicator. The contrast ratio 
between the illuminated and non-illuminated segments is 
further enhanced by a one-piece red nonglare window. 



Dialight is a company that looks for 
needs . .. and develops solutions. That's 
how we developed the industry's 
broadest line of LED light sources, 
indicator lights and readouts. No 
other company offers you one-stop 
shopping in LED visual displays. And 
no one has more experience in the 
visual display field. Dialight can help 
you do more with LEDs than anyone 
else because we have done more with 
them. Talk to the specialists at Dia­
light first. You won't have to talk to 
anyone else. 

Here are a few products in this 
family: 1. Multidigit readout assem­
bly in 0.205" character height 2. 
Status display module with 6 LEDs 
with adjustable light cells 3. LED 
readout in character height 0.625"4. 
Alphanumeric display complete with 
code generator/driver character 
height 0.300" S. 5 x 7 dot matrix al­
phanumeric display in character 
height 0.300"6. Hexadecimal display 
with logic character height 0.270"7. 
Single digit LED readout module in 
0.125" character height. 8. Numeric 
display with integral TTL MSI circuit 
ch ip with counter character height 
0.270" 9. Single digit LED readout 
module in 0.270" character height 
(MAN 1 equiv.). ·1000101quantitytor 1Jo-1003 

Please send data on your LED readouts. 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY STATE 

DIAL/GI-IT 
Dialight Corporation, A North American Philips Company 
60 Stewart A'lenue, Brooklyn, N.Y. 11237 (212) 497-7600 
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New products/materials 

Designated Eccobond 286, a two­
p art room-temperature curing 
epoxy adhesive contains no solvent. 
It is 100% reactive, and is offered in 
a collapsible squeeze-tube kit. Equal 
volumes of each part are squeezed 
out on any suitable surface and 
mixed together with a mixing stick 
supplied in the kit. Then, a thin 
layer of the mix is applied to the 
two surfaces to be bonded. In most 
cases contact pressure is sufficient to 
hold the two parts together. Cure is 
complete in 24 hours, but bonded 
articles may be handled after two to 
four hours. Price is $3 .50 per pound 
in an 11-pound kit. 
Emerson & Cuming Inc ., Canton , Mass. 

02021 [476] 

An electroless nickel-plating compo­
sition called Enpat is for making 
ohmic contacts to p- and n-type sili­
con. Properties of the material in­
clude: a pH of 10, electrode poten­
tial of 0.44 volt at 95°C, and an 
operating temperature of from 90° 
to 95°C. Price is $15 per gallon and 
$8 .50 per gallon in quantity. 
Transene Co. Inc., Rte. 1, Rowley, Mass. 

01969 [477] 

Copper-clad glass-fiber laminated 
epoxy is available in shapes other 
than fiat sheets on open stock tool­
ing. The material is 155°C glass 
epoxy per MIL-R-9300 and MIL-C-
9084, and the copper is I-ounce foil 
bonded to the inside of the tubing. 
Applications include radio trans­
mitters and receivers and contoured 
circuit boards. 
Stevens Tubing Corp. , 128 N. Park St. , East 

Orange, N.J. 07019 [478] 

Alumina ceramic parts are fabri­
cated on a custom basis to print. 
The 94% alumina parts are good for 
subsequent metallizing, using a 

wide range of compounds such as 
moly-manganese and moly-tita­
nium. The parts are available in 
diameters up to 1 inch, and l-by-1-
inch lengths and widths. 
Glass Beads Co ., Box 266, Latrobe, Pa. 

15650 [ 479] 

A series of urethane UE systems are 
for coating, potting, and casting 
low-stress encapsulation. The sys­
tems are completely blocked and 
are adapted to outdoor and cold cli­
mates. Moreover, they are nontoxic, 
are moisture-resistant, and contain 
no amines or volatiles. Price ranges 
from $1.30 to $2.60 per pound. 
lsochem Resins Co., Cook St. , Lincoln , A.I. 

02865 (401] 

Two compatible chemicals, Organo 
Flux CF-430 and Fusecote 240, be­
come water-soluble for removal af­
ter solder refiow. Organo Flux is 
chlorine-free and is used for the 
fluxing of circuit boards to be re­
fiowed, and Fusecote is for tin-re­
fiow operations and is biodegra­
dable. 
London Chemical Co. Inc., 240 Foster Ave ., 

Besenville , Ill. 60106 [402] 

A screen-printable crystallizing pro­
tective overglaze is for use with re­
sistor and capacitor dielectrics. 
Called Overglaze 99, the material is 
a hard-surface, clear insulator in 
ready-to-use form. Firing condition 
is 5 to 15 minutes at 560°C in an air 
atmosphere. Voltage stability is 
greater than 500 v, and price is $10 
per ounce in quantity. 
Electro Materials Corp . of America , 605 

· Center Ave ., Mamaroneck, N.Y. [403) 

Ceramacoat 518 and 512 are mate­
rials that allow a coating of ceramic 
to be applied to epoxy plastic struc­
tures as a thermal insulation barrier, 
with temperature limits up to 
2,500°F . Material 518 is a silica ce­
ramic epoxy paint that is applied as 
a prime coat to the epoxy structure 
and cured at 280°F before having 
Ceramacoat 512 , an all-silica­
ceramic coating, applied over it. 
Ceramacoat 518 is available in 1-
quart kits at $30 each; 512 at $40. 
Aremco Products Inc., Box 145, Briarcliff 

Manor, N.Y. 10510 [404] 
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The new '73 Heath/Schlumberger instrumentation catalog is 
here ... 52 pages of high performance electronic equipment 
. . . all at budget-stretching prices. Whatever it is that you 
need in electronic equipment for test and design work, R&D 
applications or for teaching, Heath / Schlumberger has it ... 

at less than you planned 
to spend. 600 MHz 
frequency counter 

with 7-digit LED 
readout and com­

plete programmabi 1-
ity for only $795* 

(left) ... dual trace 
15 MHz scope only 

$595* ... multi-range, 
multi-speed strip 

chart recorder 
system just $675* 

... a patchable mini-computer interface system, just $1250* 

.. . the famous Malmstadt-Enke Lab Stations ... dozens of 
plug-in circuit cards ... power supplies .. . generators ... digi­
tal multimeters ... and hundreds of other instruments. To get 
your FREE copy of this catalog now, visit your local Heathkit 
Electronic Center or use the coupon below~·-----~ 

r ~-mam:u.J , 
I 

Heath/Schlumberger Scientific Instruments - -·- ••• _ I 
Dept. 531-286 I 

I Benton Harbor, Michigan 49022 

I D Please send 1973 Electronic Instrumentation catalog. 
1

1 

I Name-------------------~ 
I Title I I Company/ Institution I 
,~~ I 
I City State ip I 

l-------~~~~~~~~~~~~---~~~J 
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In Digita:;I ~~= 
Temperature 
Measurement . . . 
With 5 thermocouple ranges ... 2 millivolt ranges ... 
a linearized D.C. output for recording. And, versatility 
is only the beginning of the YEW 2809 Digital ' Ther­
mometer Story. It continues with 0.3% accuracy ... 
built-in thermocouple linearization . . . built-in cold 
junction compensation ... a full floating input ... and 
many, many more revolutionary features. The new YEW 
Model 2809 provides all of the answers to digital tem­
perature measurement in one compact instrument. Why 
not see how the 2809 can fit into your application. 
Write for complete technical specifications today. 

®I y IW' For Sates and S,e~vice in the U.S.A. contaci: 
Yewtec Corporation 
1995 Palmer Ave .. Larchmont, N. Y. 10538 

1k00 1 ·• i:r •· Telephone: 914 834-3550 
55 Years of Measuring and Recording Instrumentation. 
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11ere•s everything 
you~ expect from a high-priced 

signal generator • 

Except a high price. 
Our new B&K Model 2050 Solid-state RF Signal 
Generator has features other companies charge 
much more for. Look at our specs: 100% Solid­
state silicon circuitry with FET's in RF and audio 
oscillator stages. 6 bands with 1.5% accuracy 
from 100 kHz to 30 MHz. 3 outputs: RF, modu­
lated RF (400 Hz), and externally modulated RF. 
Positive anti-backlash dial drive. Zener-regulated 
power supply. You needn't pay high prices for 
versatility, accuracy and reliability-now there's 
the Model 2050. And that's just what you'd ex­
pect from B & K. · 

Contact your distributor, or write Dynascan 
Corporation. 

s99ts 

fliE3 Very good equipment at a very good price. 
Dynascan Corporation. 
1801 West Belle Plaine Avenue, Chicago, Illinois 60613 
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New literature 

Reed relays. Electronic Ins_trument 
& Specialty Corp., 42 Pleasant St. , 
Stoneham, Mass. 02180, has issued 
an eight-page catalog covering the 
spectrum of reed-relay technology 
from DIP to axfa.l relay types. Circle 
421 on reader service card. 

Filters. Catalog sheets from BG 
Electronics, 9 Elm Ave., Mount Ver­
non, N.Y. 10550, describe filters for 
both telegraph and voice trans­
mission. [422] 

Testers. An application note de­
scribes how electrodynamic vibra­
tion generators are used to increase 
the reliability of dectronic products 
subjected to vibration. It is available 
from Booth Development Inc., 128 
Short Dr. , Short Beach, Conn. 
06405 [423] 

Drive controls. Seco Electronics 
Corp., 100 l Second St. South, Hop­
kins, Minn. 55343. A 16-page cata-

SECD 

log describes three-phase SCR drive 
controls. Specifications and descrip­
tive information are provided on the 
models 4230 and 4430 Phase III 
controls. [405] 

Soldering compounds. Force Chem­
icals Division, American Solder and 
Flux Co. Inc., Industrial Blvd ., 
Paoli, Pa. 19301, is offering a six­
page catalog describing the Line of 
paste solders, soldering fluxes , si lver 
bearing solder, and related solder­
ing and trimming products that are 
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manufactured by the company. 
[440] 

LED displays. Eldema Division, 
Genisco Technology Corp., 18435 
Susana Rd., Compton, Calif. 90221 , 
has published a four-page data 
sheet describing the line. of wide­
angle, large-character model 135-
3870 LED displays. [438] 

Logic cards. A brochure describing 
the L series of LSI functional logic 
cards for designing general- and 
special-purpose minicomputers is 
available from Control Logic Inc., 9 
Tech Circle, Natick, Mass. 01760 
[439] 

Amplifier. A two-page data sheet 
from Date! Systems Inc., 1020 Turn-

More Adventures of the Superman DL-707 

THE DPM THAT DIDN'T 
COST AN ARM AN A LEG. 
Charlie was out to build th e world 's 
most reliable, low cost DPM . But 
LED displays were expensive and the 
others just cou Id n't meet the rel i­
abi I ity he needed. 

Then a giant of a display, the Super­
man DL-707 came to hi s aid. The 
DL-707 made Charlie 's DPM as big as 
life with its broad , bo ld , easy-to-read 
display. And it didn 't cost him an arm 
and a leg. 

The DL-707 with solid-state reliability 
runs off of 5V to 15V supp li es . It's 
easy to design into your DPM . 

Now Charlie's DPM is not on ly more 
reliable, it costs less to build. Looks 
good too . Made bright and bold by 
the DL-707. 

Read the end ing to our latest Super­
man adventure . Write fo r our free 
DL-707 Superman digit comic book . 
For super quick service, ca ll your 
Litronix rep or distributor. 

Then a giant of a display, 
the Superman DL-707 came 
to his aid. 

the bright guys 

litronix 
19000 Homestead Road • Cupertino, California 95014 

(408) 257-7910 TWX : 910-338-0022 
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We've been making 
digital voltmeters 
since195J. 
But not at these prices. 

188 

SPECIAL 20TH ANNIVERSARY SALE. 

MX-1. The biggest bargain in the 
industry becomes an almost incred­
ible buy. Our base price now in­
cludes AC, DC and ohms. And we 
do it without sacrificing NLS quality 
on any feature. Price includes five 
voltage ranges from .100000 volt full 
scale (1 microvolt sensitivity), to 
1000.00 volts full scale ; plus auto­
r.anging and wide-range ratio. Five 
full digits (with a sixth for 20% over­
ranging). Options include BCD in­
puts and ratio to + 100 voe refer­
ence. (Mil Spec version designated 
as AN/GSM-64). 

LX-2. We do not believe there is 
a competitive instrument that can 
match the LX-2 's quality for the 
price. The standard model comes 
with four full digits-plus a fifth for 
over-ranging ; and measures DC 
volts, AC volts, resistance, and 
multi-function ratios - automatic 
ranging included. Automatic polar­
ity and range selection. Options per­
mit BCD outputs and battery opera­
tion. The LX-2 is our fastest selling 
four plus digit multimeter. Mil Spec 
(Class II) version is designated as 
AN/USN-341 . 

• Non-Linear Systems, Inc. 

Circle 188 on reader service card 

Our 20th Anniversary 1953-1973 
Post Office Box N, Del Mar, California 92014 
Call your local distributor for off-the-shelf, or our to ll -free number 800-854-2758 
(Californians call 714-755 -1134 co llect). 
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New literature 

pike St., Canton, Mass. 02021, de­
scribes the specifications of the 

200 PICOSECOJIO APERTURE TIME 

.. Oft(:_,__ ""'"·-~ ... ,. ___ ._ 

...... _~--..... r<o•rl.····· .. 

== 
. . 

model SHM-uH sample-and-hold 
amplifier. [437] 

Reed relays. Electronic Instrument 
& Specialty Corp., 42 Pleasant St., 
Stoneham, Mass. 02180, has re­
leased an eight-page catalog cov­
ering the spectrum of reed relay 
technology from DTP to axial-lead 
types. [406] 

Oscillators. A short-form catalog 
from Frequency Sources Inc., 16 
M aple R d., Chelmsford, Mass. 
0 1824, illustrates and includes speci­
fications on a line of solid-state os­
cillators and sources for both com­
mercial telecomm unications and 
military applications. [407] 

Diodes. Microwave diodes, includ­
ing silicon tuning varactors, multi­
plier varactors, high-power Gunn 
diodes , and p-i-n high-voltage 
diodes are detailed in a six-page 
short-form catalog that is available 
from Gigahertz Devices Inc. , 16 
Maple Rd., Chelmsford , Mass 
01824. [408] 

Power supplies. Powertec Inc., 9168 
DeSoto Ave., Chatsworth, Calif. 
9 1311. A 44-page catalog provides 
information on the company's stan­
dard OEM de power supplies. Speci­
fications , prices and delivery infor­
mation are given, in addition to line 
drawings and mounting-hole di­
mensions. [409] 
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Rf sources. An eight-page brochure 
from Ailtech, 19535 E. Walnut Dr., 
City of Industry, Calif. 91748 , de­
scribes high-power rf sources, pro­
viding application data. [ 410) 

the 360 series of reset timers. Speci­
fications, circuit wiring diagrams 
and ordering information are pro­
vided. [371] 

Reset timers. Cramer Division, Con­
rac Corp., Mill Rock Rd., Old Say­
brook, Conn. 06475 . A four-page 
brochure describes and illustrates 

Computer systems. Systems Engi­
neering Laboratories Inc., Commu­
nications Dept., 6901 W. Sunrise 
Boulevard, Fort Lauderdale, Fla. 
33313, is offering a six-page bulletin 

The Fu rther Adventures o f the Superman DL-707 

THE SAD CASE OF A P. 0. S. 
SYSTEM WITH THE JITTERS . 
Once upon a tim e seven littl e men 
designed a P.O.S system with jittery 
tubes and other di spl ay gadgets o f 
questionable cost and reli ability. 
Wh at else could th ey do? Th ere just 
wasn 't a so lid-state di spl ay ava il abl e 
to do th e job eco no mi call y. Then .... 

All of a sudden, brea kin g thro ugh 
th e c loud of confusio n, th e DL-707 
Superman di git arri ved . Qui ckl y, it 
c lea rl y showed itse lf to be th e low est 
system cost di spl ay. A nd a fri end to 
the low vo ltage MOS sys tems, the 
DL-707 bri ghtened thin gs up w ith its 
distinctive, readabl e face. Th e P.O .S. 
lost its jitters, and inc reased its sa l­
ability; and th e seven littl e men 
made a bundl e. 

On ce again the DL-707 Superm an 
digit has resc ued anoth er P.O .S. from 
oblivi on. 

Write fo r th e DL-707 super comi c 
book. Read th e new, exc itin g ad ven­
tures of th e DL-707 Superm an di gi t . 
Fo r super qui ck se rv ice, ca ll your 
Litroni x rep or di stri buto r. 

All of a sudden, b reaking 
through t he cloud o f 
confusion, the DL-707 
Superman digit arri ved . 

the bright guys 

litronix 
19000 Homestead Road • Cupertino, California 95014 

(408) 257-7910 TWX : 910-338-0022 
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Does your plant 
have an air 
about it? 
Economical, high-efficiency Master Electronic 
Air Cleaners ... the world's widest selection. 
Each model features a Multi-Stage process that 
removes smoke, odors, dust, and other particulate 
matter to create a healthy, fresh atmosphere in 
offices or assembly areas . Employees work 
refreshed and precision, contaminate-free pro­
duction is assured. And, in many cases, Master 
Air Cleaners satisfy all OSHA requirements! 

Contact your Master representative or write for 
free full line brochure. 

mASTER 
apf'~ ~ Racine, W isccnsin 53403 

In Canada, contact Mart in Industrial Sales, 
P. 0 . Box 576, 4445 Harvest Road, Burlington , Onta rio. 

190 Circle 190 on reader service card 

il10'W when rated temperature 
~reached •.. with an accuracy of + 1 % 

1. TEMPILABELS0 : self-adhesive temperature 
monitors consisting of one or more heat-sensitive 
indicators sealed under transparent, heat resistant 
windows. The centers of the indicator circles turn from 
white to black irreversibly at the temperature ratings 
shown on the label. Tempilabels 0 are available in several 
sizes, and in single or multiple temperature ratings from 
100° to 500°F. Accuracy is within ± 1 % of the stated 
rating. They are particularly useful for monitoring 
operating temperatures of equipment or processes; 
obtaining temperature data of components as a guide to 
design and material selection; safeguarding temperature­
sensitive materials in storage or transit. To serve as a 
permanent record , Tempilabels0 can be removed from 
the surface and attached to a report. 

2. TEMPILA0°: materials of calibrated melting 
points suspended in an inert, volatile non­
flammable vehicle . Available in over 100 
systematically spaced temperature ratings from 

100° to 2500° F. Tempilaq 0 indicates itS 
temperature rating by liquefying within 
± 1 % of its rating . Available in bottles or 
spray cans. 

3. TEMPILSTIKS 0 : temperature-indicating 
crayons of calibrated melting points. 
Available in over 100 systematically . . 

spaced temperature ratings, Tempilstiks0 cover the 
range from 100° to 2500°F. Tempilstiks 0 indicate ~ 
the specified temperature, by liquefying with 
a tolerance of ± 1 % of its rating . 

Detailed data and price sheets as well as 
samples are available uPon request. 

Tempfz0 
oiV1s10N. e1s THREE 1No~srR1Es.1Nc. 

Hamilton Blvd., South Plainfield, N. J. 07080 
Phone: 201 • 757-8300 • Telex: 138662 
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New literature 

describing the applications of the 
model 85 /86 real-time computer 
system. [424] 

Thyristors. Unitrode Corp. , 580 
Pleasant St. , Watertown, Mass. 
02172, is offering a 60-page appli­
cation brochure containing 22 de­
sign ideas using thyristors. [425] 

Connectors. Component Manufac­
turing Service Inc. , l Component 
Park, W. Bridgewater, Mass. 02379. 
Two product bulletins cover the 
series 11 00 and 1600 control con­
nectors. Line drawings of molds and 
pin layouts are given. [426] 

Switches. A comprehensive design 
and specification catalog covering a 
line of slide and rocker switches is 
being offered by Stackpole Compo­
nents Co., Box 14466, Raleigh, N.C. 
[427] 

Circuit packages. Flatpack micro­
electronic circuit packages are de­
scribed in an eight-page bulletin 
available from Tekform Products 
Co., 2770 Coronado Ave., Anaheim, 
Calif. 92806. [428] 

Potentiometer. A two-page publica­
tion describing the model 86P dual 
in- line cermet trimming poten­
tiometer is being offered by the 
H elipot Division, Beckman Instru­
ments Inc., D 962, Fullerton, Calif. 
92634 [430] 

Test equipment. A full-line catalog 
on test equipment is available from 
Motorola Inc., Communications Di­
vision, 130 1 Algonquin Rd. , 
Schaumburg, Ill. 60172. The 36-
page bulletin covers products rang­
ing from service monitors to tone 
generators and watt meters. [431] 

Laminates. The Mica Corp., 4031 
Elenda St. , Culver City, Calif. 
90230. A 20-page catalog lists speci­
fications of Micaply epoxy-glass 
laminates and prepregs for multi­
layer and rigid printed circuits. [432] 

P rox imity switch. A si ngle- page 
data sheet describes an industrial in­
frared proximity switch being of­
fered by DeMott Electronics Co., 
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7842 Burnet Ave., Van Nuys, Calif. 
91405 [433] 

Relays. A relay catalog from Potter 
& Brumfield Division, AMF Inc. , 
1200 E. Broadway, Princeton, Ind. 
47670, contains 226 pages of specifi­
cations and engineering data. [434] 

450A from B & F Instruments Inc. , 
Cornwells Heights, Pa. 19020, de­
scribes the company's SY-256 dig­
ital data-acquisition system. [435] 

Data acquisition. Six-page brochure 

Isolators. A bulletin on plug-in 
isolators and circulators has been 
published by Raytheon Special Mi­
crowave Devices Operation, 130 
Second Ave., Waltham, Mass. [436] 

The Continuing Adventures of the Superman DL-707 

LITTLE BILLIE BROWN DROPPED 
HIS CALCULATOR ON THE GROUND. 
Littl e Billy dropped his newly-de­
signed ca lculator on the ground and 
the display shattered into a million 
pieces. 

But lucky fo r Billy, the DL-707 Super­
man digit arrived on the scene to 
make everything well again. Quickly 
and inexpensively, the DL-707 went 
to work rebuilding Billy's calcu lato r 
into a rugged, all solid-state machine. 

It not only made Billy happy, it made 
him richer. Because the DL-707 is the 
most cost-effective digit for ca lcu lator 
systems. It's a sharp, 1/ 3 inch display 
with no fade-outs, comp lete ly so lid­
state for durabi lity and long life. And 
it's easy and inexpensive to design 
with because LEDS are simple to 
multipl ex . 

Introd uce your calc ul ator to the 
Superman DL-707 display and they' ll 
li ve happily ever after. 

Write for your free copy of the DL-707 
super com ic book. It ' ll lead you into 
new adventures with the DL-707 . For 
super quick service, ca ll your Litronix 
rep or distributor. 

But lucky for Billy, the 
DL-707 Superman digit 
arrived on the scene to 
make everything well 
again. 

the bright guys 

litronix 
19000 Homestead Road • Cupertino, California 95014 

(408) 257-7910 TWX : 910-338-0022 
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CLASSIFIED ADVERTISING 

E~~~~~,!~O~T~N~~!IDN 
USED OR SURPLUS EQU IPMENT 

PERFORMANCE AND RELIABILITY 

WITH ECONOMY 

We Can Fulfill Your Needs! 

Electronics and Electro­
Optics For Laboratory 

Prototype, Production & 
Field Includ ing 

RF Multimeters and Accessories 
AF Detectors 
Reflection Coefficient Bridges and Sets 
Terminations and Calibrated Mismatches 
Broadband RF Amplifiers and 

Multicouplers (2MHz to lGHz l 
L·C and Crystal Fil ters 
Voltage Controlled RF Attenuators 
Opto-E lectronic Detec tor/Amplifiers 
Active Probes and Adapters 
Peak-II-Notch Tunable Active Filters 
"500 " Series A nalog Modules (To 1MHz) 
Custom Engineered RF Signal Processing 

Subsystems 

Call • Write• Circle-The-Number e Now 
For Data and Appl ication Info 

Radiat ion Devices Co. 
P.O. Bo)( 8450 

Balt imore, Meryland 21234, US A 
Telephone 13011 665·2764 

CIRCLE 952 ON READER SERVICE CARD 

CIRCLE 953 ON READER SERVICE CARD 

DIVERSAL NAME PLATE CO. 
P.O. Box 2337 

San Antonio, Texas 78206 
stock anodized nameplates 

m!lll ... 
fOHWAKU • ~- MONITOR SLOW 

REVERSE AUTOMATIC 
catalog on request 

CIRCLE 954 ON READER SERVICE CARD 

IMMEDIATE DELIVERY 
Minis & Peripherals 

DEC-HIS 
SEL-HP-NOVA 

Card, Printer, Tape, Disk 
TELETYPES 
33,35,37 

For Sale/Rent 
617 /261-1100 

Send For FR EE Price List 
AMERICAN USED COMPUTER CORP. 
P.O. Box 68, Kenmore Sta ., Boston, MA 02215 

CIRCLE 956 ON READER SERVICE CARD 

AUTOTRACK MOUNT 
., AUTOTRACK 

SCR-58'4 RADARS 
360 degree azi muth, 210 
deg ree elevation sweep with 
better than I mi l. acc ura<::y . 
Missile velocity acceleration 
and slewing rates. Ampli­
dyne and se rvo control. Will 

. , handle up to 20 ft .. dish, Sup-
~, ("'\ plied complete with control 

II \ chasSIS . ALSO in stock- 10 
y _ _;:: , cm, van mounted rad ar sys-

---.-~ . tern . Conical scan . PPI. 6 ft. 
___jbJIL'b, dish . Ideal for S band te le­

- met ry. weather . baloon t rk. 
missi le trk, rocket trk . ECM range. Write for complete 
data . 600 pg. instr. bk . avail. at $25 ea. 

1 MEV LINEAR ACCELERATOR 
Dual Mode, Ion or Electron_ RF Drive. 300 KHZ at 45 
KW. Incl udes control console, R F unit. accelerator, etc. 

RECON DRONE CONTROL RADARS 
X Band systems autotrack a nd search complete with 
plotting boards. Fu ll y mobile van mounted . Gives PPI. 
slant ra nge. a lt itude data . Ground to a ir contro l links 
and beacons also in stock . AN / MPQ-29 & AN I 
UPW-I PARAMURIC AMPLIFIER 
Coll ins type. 2.3 Ghz. 30 Mhz band width, 1.7 DB noise 
figure ._ 2Q DB gain. s.way po~er splitter out put. 

SPARE PARTS IN STOCK 
~~kS- l~g.'rfsi_~~ s~ss.u~"E·R~s~: Hj1,~SRl 9, T PS- ID. 

RADAR & RF PKGS. 
34ghz40kw Pulse RF pk~ 
24ghz 40kw Pulse bomb toss system 
I 6ghz 130 kw Pulse 8 -58 search radar sys tem 
X BAND SEARCH 40 KW PULSE WEATHER RADAR 
X llAND AlJTOTRACK 250KW PULSE M-33 

comp! w / plot boards 
X BAND BEACON 400W PULSE AN/ DPN-62 
X BAND AUTOTRACK SOKW PULSE 11-47 

fi re contro l complete 
C BAND WEATHER RADAR 250 KW PULSE 

MOD IV HIGH RESOLUTION TRACKER c BAND HEIGHT FINDER 
l nstrumen~ation ~adar; freq . 8.5-9.6 GHz, Pwr: 250 AN / FPS-26 5 megawatt output. 
K_W . . I mil tracking accuracy. 6' Fresnel lens antenna AN/TPS-37, I megawatt o utpu t. 
w1.th 4 horn monopulse feed . Tracking range 50 or 200 c BAND I MEGAWATT AUTOTRACK 
mi les. Formerly used as range safety radar at Cape !Oft dish mortar locator MPQ-21 
Ken nedy. C BAND 285KW PULSE Search AN / SPS-5 
MIT MODEL 9 PULSER 1 MW-HARD TUBE S BAND AUTOTRACK 500 KW PULSE 10• DISH 
Output 25kv 40 amp .. 30kv 40 amp. max. Duty cy .. 002. S BAND I MEGAWATT COHERENT AN / FPS- 18 
.25 to 2 microsec. Also 5 to 5 microsec. and . I to .5 mi- S BAND I MEGAWATT PULSE NIKE ACQ. 
crosec. Uses 6C21. Input 115v 60 cycle AC. Mfg. GE . S BANDS MEGAWATT HEIGHTFINDER AN/ FPS-6 
Complete with driver and high voltage power supply. S BAND BEACON I KW PULSE 
ReF: MIT Rad. Lab. Series. Vol 5. p. 152. L BAND SOOKW PULSE AN / T PS- 1 D / E 
2 MEGAWATT PULSER LBAND5to20KW PULSE 
Output JO kv at 70 amp. Duty cycle .001. Rep. 400mhz I KW CW AN I FPS-23 
rates. I microsec. 600 pps. I or 2 msec. 300 225 mhz I MEGAWATT PULSE AN/ TPS 28 
pps. Uses 5948 hyd rogen thyratron. Input 2-30mhz IOO K W PULSE 
120 I 208 VAC 60 cycle. Mfr. GE . Complete llUllDUOS MOn IN Sl'O(J( CW .950-5ghz 150 WATTS 
with hi~h voltage power supply . SI WU CW I .5 mhz- I0.5ghz 5 WATTS 
17 MEGAWATT LINE PULSER 'lfllfOIY CW 7-4 GHZ 2 KW 
Output 17KV at 1000 Amps. Rep. rate 150- AN / GPG 1 S 
2000 PPS 2.5 Microsec. Keyer tube 5948 thy- Ill WOll.D. - KYSWEEP TRACKER 
ratron . Pwr: 208V, 3Ph. 60HZ, 38KVA . Wlltt 3 cm. auto .. t racking rada r system. Comp. 

Hy POWER SUPPLIES 
FOi pkg. w / indicator sys . Fu ll ta rget acqu isi-
CAJllOI Lio n & auto. tracking. Input I I 5v 60 er- new_ 

6.3 KV@ 5. Amp; 20Kv@ 1.3 Amps; 35KV@ OH YOUI In stock fo r im med. del. Ent ire sys. 6 x 3' x 
1.5 Amps: 28KV, 70MA: 12KV @. 800MA · llfJllllUI , 10' . Idea l fo r infrared tracker. drone t racker. 
18K V @. 2.25 Amps: 17.5KV @. 1.8 Amp>. = • missile trac ker, R & D. 

Radio-Research Instrument Co.1Nc . 
.., __ 3 Quincy St., Norwalk, Conn. 06850 • 203-853-2600 - ----• 
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.di EMPLOYMENT 
~ OPPORTUNITIES 

Send New Ads to: 
Electronics 

Class. Adv. Dept. 
P.O. Box 900, N.Y., N.Y. 10020 

POSITION VA CANT 

U.S. & Overseas Employment-With the 
U.S. Foreign Service-The Department 
of State is recru iting experienced electrica l 
engineers fo r assignments in the field of 
technical security. Applicants must be 
willing to accept worldwide ass ignments 
for a minimum of two years. Typical 
assignments require intermittent travel to 
many different areas of the world . Start­
ing sala ry range is $13,2 18 to $19,700 
plus housing and other appropriate allow­
ances while overseas. Requirements: BS 
or MS in E. E., physics or equivalent with 
professional experience in related fields, 
American citizen in excellent health who 
qualifies fo r high level security clearance. 
Send completed Federal Employment 
Form SF-171 , college transcript and re­
sume to Division of Technical Services 
O ffice of Security, Department of State ' 
Washington, D.C. 20520. ' 

HELP! 

Q. How do I reply to a box number 
ad? 

A. Address an envelope with the 
box number indicated in the ad 
cl o Electronics, Class. Adv: 
Dept., P.O. Box 900 NY NY 
10020 ' ' 

Q. Whom do I contact or call to re­
new my classified ad or make 
corrections? 

A. Write Electronics, Class. Adv. 
Dept., P.O. Box 900, NY, NY 
10020 or call : (212) 997-6585 
or 6586. Give full company 
name, size of ad , & date or dates 
it is scheduled to appear. 



Advertising Sales Staff 
PlerreJ. Braude [212] 997-3485 
Advertising Sales Manager 
Atlanta, Ga. 30309: Joseph Lane 
100 Colony Square, 1175 Peachtree St., N.E. 
(404] 892-2868 

Boston, Mass. 02116: James R. Pierce 
607 Boylston St . [617) 262-1160 

Chicago, Ill. 60611: 
645 North Michigan Avenue 
Robert W. Bartlett (312) 751-3739 
Paul L. Reiss (312) 751-3738 

Cleveland, Ohio 44113: William J. Boyle 
[716] 586-5040 

Dallas, Texas 75201 : Charles G. Hubbard 
20Q1 Bryant Tower, Suite 1070 
[214] 742-1747 

Denver, Colo. 80202: Harry B. Doyle, Jr. 
Tower Bldg., 1700 Broadway 
[303] 266-3863 

Detroit, Michigan 48202: Robert W. Bartlett 
1400 Fisher Bldg. 
[313] 873-7410 

Houston; Texas 77002: Charles G. Hubbard 
2270 Humble Bldg . [713] CA 4-8381 

Loa Angeles, Call!. 90010: Robert J. Rielly 
Bradley K. Jones, 3200 Wilshire Blvd .• South Tower 
[213] 487-1160 

N-York, N.Y. 10020 
1221 Avenue of the Americas 
Warren H. Gardner [212] 997-3617 
Michael J. Stoller [212] 997-3616 

Phlladelphla, Pa. 19102: Warren H. Gardner 
Three Parkway, 
[212] 997-3617 

Pittsburgh, Pa. 15222: Warren H. Gardner 
4 Gateway Center, [212] 997-3617 

Rochester, N.Y. 14534: William J. Boyle 
9 Greylock Ridge, Pittsford, N.Y. 
[716] 586-5040 

San Francisco, Call!. 941 11: Don Farris 
Robert J. Rielly, 425 Battery Street, 
[415] 362-4600 

Paris: Alain Offergeld 
17 Rue-Georges Bizet, 75 Paris 16, France 
Tel: 720-73-01 

Geneva: Alain Offergeld 
1 rue du Temple, Geneva, Switzerland 
Tel : 32-35-63 

United Kingdom: Keith Mantle 
Tel : 01-493-1451, 34 Dover Street, London W1 

Miian: Robert Saidel 
1 via Baracchini Phone 86-90-656 

BruaMfs: Alain Offergeld 
23 Chaussee de Wavre 
Brussels 1040, Belgium 
Tel: 13-73-95 

Stockholm: Brian Bowes 
Office 17, Kenter-Center AB, Hagagarten 29, 
113 47 Stockholm. Tel : 24 72 00 

Frankfurt/ Main: Fritz Krusebecker 
Liebigstrasse 27c 
Phone 72 01 81 

Tokyo: Tatsumi Katagiri, McGraw-Hill 
Publications Overseas Corporation. 
Kasumigaseki Building 2-5, 3-chome, 
Kasumigaseki , Chiyoda-Ku, Tokyo, Japan 
[581] 9811 

Osaka: Ryji Kobayashi , McGraw-Hill 
Publications Overseas Corporation, Kondo 
Bldg., 163, Umegae-cho Kita-ku [362] 8771 

Australasia: Warren E. Ball , IPO Box 5106, 
Tokyo, Japan 

Business Department 
Stephen R. Weiss, Manager 
[212] 997-2044 

Thomas M. Egan, 
Production Manager [212] 997-3140 

Carol Gallagher 
Assistant Production Manager [212] 997-2045 

Dorothy Carter, Contracts and Billings 
[212] 997-2908 

Frances Vallone, Reader Service Manager 
[212] 997-6057 

Electronics Buyers' Gulde 
George F. Wem er, Associate Publisher 
[2 12) 997-3139 

Regina Hera, Directory Manager 
[212) 997-2544 

Electronics/July 19, 1973 

Circle 193 on reader service card 

New FREE catalog 
containing specifications 

for over 60 models of 
single, dual and triple 

output AC to DC 
power modules 

Circle 11 2 on reader service card 193 



Electronics advertisers July 19, 1973 

Acoplan Corp. 
Mort Barish Associates, Inc. 

Alleaheny Ludlum Steel Corporetlon 
Van Sant Dugdale and Company, Inc. 

Allen-Bradley CompMy 
Hoffman; York, Baker & Johnson, Inc. 

• American La¥8 Corporaaon Sub. 
o1 MlnMeOta, Mining a Mtg. Co. 
Designers, Inc. 

196 

167 

28 

32 

American Mlcroayatema, Inc. 164-165 
Wilton, Coombs & Col nett, Inc . Advertising 

AMF/Poller A Brumflald Dlvtalon 
Fuller & Smith & Ross, Inc. 

AMP Incorporated 
Altkin-t<ynett Co ., Inc. 

• Amphenol Componenta Group­
llunker Ramo Corp. 
Marsteller, Inc. 

• Analog Devlcea, Inc. 
Scnneider Parker Guy, Inc . 

• Anrltau Elec:lrlc Co., Ud. 
Diamond Agency Co., Ltd . 

•Auge! 
Creamer, Trowbridge, Case & Basford, Inc. 

AVXC.ramlcs 
Allied Advertising Agency, Inc . 

:I: Baron Blak"IM 
Kolb / Tockey & Associates, Inc . 

Bell a Howell·Electronlca a 
lnatrumenta Group 
Boylhart, Lovett & Dean 

:j: Bouma, Inc. 
Marlborough Assoc., Inc. 

Burrougha Corp. 
Conti Advertising Agency, Inc. 

Ca'C~~J;,'~=':f ~°'rf;i.g, Inc. 
Cherry Eleclrlcal Producla Corp. 

Kolb / Tockey and Assoc., Inc. 

169 

17-20 

64-65 

92 

9E 

66-67 

62-63 

170-171 

134 

106 

39 

135 

68 

Chicago Miniature Lamp Work• 
Buti Roberts Advertising 

144-145146-147 

• CIT Alcatal 
Promotion lndustrielle 

• Communlcetlon AaaoclatH, Inc. 
Carce Marketing , Inc. 

Computervlalon Corp. 
Davis Advertising , Inc . 

CTS Corporation 
Reineke, Meyer & Finn, Inc . 

• Dale Eleclronlca, Inc, A Sub. ol 
the Llonel Corporation 
Swanson, Sinkey, Ellis, Inc., Advertising 

Da rw Laboratorlea 
Dailey & Associates 

Data General Corporation 
The Advertising Group 

Deltal>nlgn 
NKS Ltd. 

• Dlal~~~!r~:~.1:: 
• Dynaacan Corporation 

(lnduatrtal Proclucta Dlvlalon) 
Albert Jay Rosenthal & Company 
Advertising 

Eaatern Air Device• 
Weston Associates, Inc . 

• Eutman Chemlcal Producta, Inc., 
lnduatrtal Chemlcale 
J. Walter Thompson Company 

Electronlc Arraya, Inc. 
Regis McKenna, Inc. 

Electronlc MeHuramenta, Inc. 
Hill Advertising Agency 

Electronlc Memorlea and Magnetic• 
(Caelua Dlvlalon) 
R & M Advertising 

• Electronlc Navigation lnduatrtn 
Hart Conway Co., Inc . 

Energy Converalon Devlen, Inc. 
Watkins Rogers, Inc. 

• Erle Technologlcal Producta Co., Inc. 
Altman Hall Associates Advertising 

Eaterllne Angua, A Unit of 
Ealerllne Corporation 
Odiorne Industrial Advertising, Inc. 

:j: Excellon lnduatrtn, Inc. 
Elgin Davis. Inc. 

Ferroxcube 
Black-Russell-Morris 

Fluke Manufacturing Co., John 
Bonfield Associates 

Fu)ltau Umllad 
Asian Advertisers, Inc . 

General Automation 
Chiat / Day, Inc., Advertising 

Georgia Department of 
Community Development 
Gerald Rafshoon Advertising, Inc 

The Gerber Scientific lnatrument Co. 
Charles Palm & Co., Inc . 

• Goerz Electro GmbH 
Dr. Heinrich Fuchs 

Hanaen Mtg. Company 
Keller-Crescent Co. 

Harrie Semiconductor 
Tucker Wayne & Company 

20E 

19E 

113 

89 

4th cover 

10-11 

50-51 

6 

184, 185 

186 

193 

176 

140 

2nd cover 

168 

14 

166 

25 

196 

88 

78 

159 

180 

90-91 

76 

152 

18E 

142 

• Heath/Schlumberger Sclentlllc lnatrumenta 
Advance Advertising Services 

75 

186 

194 

• H-lell.Packard 26-27 
Stone & Adler Incorporated 

• Hewlett.Packard 1 • 154. 155 
Richardson, Seigle, Rolfs & McCoy, Inc. 

• Hewlett-Packard 
Richardson Seigle Rotts & McCoy, Inc. 

• Hewlett.Packard 
McCarthy, Scelba, And DeBiasl 
Adv. Agcy., Inc . 

• Hewlett-Packard 
~h~~gjicR~~~~dvertislng 

Hickok Eleclrtcal lnatrument Company 
Key Marketing Associates 

Hitachi, Ltd. 
HybNx (a dlvtalon ol Burr-Brown 

R-rch Corporetlon) 
N. A. Winter Advertising Agency 

Intel Corporallon 
Regis McKenna, Inc. 

lnternaUonal Electronic R-•rch Corporation 
Van Der Boom, McCarron , Inc., Advertising 

lntarnaUonal Ugh!, Inc. 

21 

9 

24 

182 

16 

105 

179 

172 
Marketing , Promotion Services 

lntarall, Inc 118, 119 
Tycer Associates 

• lnteratate Electronlca Corporation 
Chris Art Studio, Inc 

• lntronlca 
Impact Advertising Incorporated 

IM Eleclronlca Corp. 
Shinwa International , Inc. 

ITT S.mlconductora 
Hall & McKenzie Advertising 

Japan Electronlca Show A•oclallon 
Asian Advertising , Inc. 

Krohn~lla Corporation 
Impact Adwrtising, Inc. 

• Lambda Electronlca Corporation 
Michel Cather, Inc 

61 

6 

47 

183 

83 

5 

3rd cover 

Utronlx, Inc. 187, 189, 191 
Regis McKenna, Inc. 

Lockheed El-onlca Company 
Mccann-Erickson , Inc. 

Macrodata Company 
JMR Adwrtis1ng 

• Magnall MaralN S.p.A. 
Publicor 

Mealer Appliance 
Klau-Van Pietersom-Dunlap, Inc. 

Matauahlla Eleclrtc 
Meguro Denpa Sokkl K.K. 

General Advertising Agency, Inc . 
• Micro Switch Dlvlalon ol HoneyweU 

N. W. Ayer & Son, Inc. 
MIL Electronlca 

Marc, Johns & Lowe Advertising, Inc 
• Molex (lntamallonal) lncorporatacl 

Total Communications Service 
MonMnto Commerclal Producta Co. 

Electronlc Special Producta 
Advertising Promotion Services 

MOS Technology, Inc. 
Henry S. Gooosett Advertising , Inc 

Moatek Corporation 
Kaufmann Advertising, Inc . 

Motorola Semiconductor Producta, Inc 
E B Lane & Associates, Inc . 

• Netlonal Semiconductor Corp. 
Chiat/Day, Inc. Advertising 

• Newport Lab• 
Hall Butler Blatherwick, Inc. 

• Nippon Kogaku K.K. 
K & L Advertising Agency 

Non-Linear Syatema 
Franklin & Associates, Ltd. 

Nortec Electronlca Corporaaon 

N~v!~f~~ ~~~t:Ss!~ces, Inc. 
OvumUd. 

Longview Associates 
• Oxy· Metal 

Reinhardt Publicite 
Panaaonlc lnduatrtal DIY. 

Dentsu Corporation of America 
• Phlllpa N.V. Plt/T a M Dlvlelon 

Marsteller International S.A. 
• Plezo Technology, Inc. 

Shattuck/ Raether Advertising, Inc. 
• Pignone Sud 

Linea Spn 
Primo 
Procond S.p.A. 

Ouadragono 
:j: Raytheon Company, lnduatrlal 

Componenta Operalon 
Provandie Eastwood & Lombardi, Inc. 

Raytheon Semiconductor 
Durel Advertising 

• RCA Eleclronlc Componenta 
Al Paul Lefton Company, Inc. 

•RCA Lid . 
Marsteller Ltd . 

RCA Solld State Dtvlelon 
Al Paul Lefton Company, Inc 

•:I: Rental Electronlca, Inc. 
Humphrey Browning MacDougall, Inc. 

45 

143 

5E 

190 

85 
84 

175 

193 

41 

22-23 

156 

15 

43 

48-49 

195 

161 

188 

148 
131 

46 

2E 

81 

58 

176 

7E 

87 
158 

58 

132-133 

106 

10E-11E 

12-13 

41 , 80 

• RHG Electronlc:a Laboratory, Inc. 
Samuel H. Goldstein 

• Rohde a Schwarz 
Rotron, lncorporatacl 

Black-Russeil-Morris 
• Sanah• Electric Trading Co. Lid. 

Japan Trade Service Co., Ltd. 
Schauer M.,ufac:turlng Corp. 

Nolan, Keeler & Stites 
• Showa Muaen K~ Co., Lid. 

General Advertising Agency Ltd. 
• Slernena AkllengeMHachatl 

Linder Presse Union GmbH 
Slgnetlca Corp., Sub. ol 

~~J~~e~l:~h:'r!';~:, Inc. 
Slllconlx 

Robertson West, Inc . 
• Solltron Devlen, Inc. 

Trarwletor Dlvlalon 
Haselmire Pearson Advertising, Inc. 

• Sprague Eleclrlc Company 
Harry P. Bridge Company 

SRC Dlvlalon/Moxon, Inc. 
Ron Jenner & Company 

• Syatron Donner Concord lnatrumenta 
Bonfield Associates 

• Syatron Donner Corp •• DatapulM Div. 
Bonfield Associates 

Taiyo Denki Co., Ud. 
Daiyusha , Inc . 

• Takeda Rlkln 
Shlnwa International Inc. 

• TEAC Corp 
Dentsu Advertising Ltd . 

TE<; Inc. . 
1EC-AD 

Tektronix, Inc. 
Dawson , Inc. 

Teledyne Semiconductor 
Regis McKenna, Inc . 

Templl Ind. DIY. of Bil! Three Ind. 
Black-Russel~Moms 

Terlldyne, Inc. 
Quinn & Johnson, Inc . 

Texaa lrwtrument lncorporalad, 
S.mlconcluclor Group 
Tracy-Locke Advertising , Inc. 

:j: ThomH A Betta Company 
McCarthy, Scelba, De Biasi 
Advertising Agency, Inc. 

T'";;k~~~~~\.l'o~· 
Tohoku Klnzoku K.K. 

K& L Advertising Agency 
Toko,lnc. 

Hakuhodo, Inc. 
Tokyo Eleclrlc Co., Lid. 

PAL, Inc./ Export Adwrtlslng 
TRW /Capacllora 

Gray & Rogers, Inc . 
TRW/ Globe Molora 

Odiorne Industrial Advertising , Inc. 
TRW/IRCRnlalora 

Gray & Rogers, Inc . 
Tung Sol Dlvlalon, Wagner Eleclrlc Corp. 

Winius Brandon Company 
• Unllrode Corporation 

Impact Advertising 
Unlveraal 011 Producta, Norplex Div. 

Campbell Mithun, Inc . 
Vldar 

Lincoln Associates, Inc. 
• Wavetek Indian• 

Chapman Michetti Advertising 
• Wayne Kerry Co., Ud. 

Dennis & Garland, Ltd . 
• Wlnchenar Electronlca 

Renaccio Advertising & Marketing, Inc . 
• Yokogawa Eleclrlc Worka Lid. 

General Advertising Agency, Inc . 
• La Zlncocel.ar9 S.p.A. 

138 

1E 
149 

17E 

178 

84 

56 

177 

117 

173 

8 

174 

7, 82 

172 

87 

15E 

170 

196 

37 

55 

190 

71 

151 

160, 161 

142 

86 

86 

84 

162 

181 

126 

174 

31 

139 

150 

52 

14E 

136 

88 

12E 

ClaHlfled & Employment Advertising 
F. J . Ebe~e. Manager212-971 -2557 

EQUIPMENT (Uaad or Surplus N-) For Sale 
American UMcl Computer Corp . ................ ...... ........ 192 
DIYeraol N Nameplate ..... 192 
Phlllp Tlahman Co. .. .... .. .... . .... .... 192 
Radio Re-rch lnatrurnent Co. . ........ 192 

• For more information on complete product line see adver­
tisement in the latest Electronics Buyer's Guide 

• Advertisers in Electronics International only 
t Advertisers in Electronics domestic edition only 

Electronics/J uly 19, 1973 



ANNOUNCING A LOT LESS 
TOGOWRONG. 
We've got a 50 MHz frequency 
meter with simpler circuitry and 
better performance than anything 
anywhere near its price range. 

lt1s the Newport 730 
Counter-Timer and it only 
costs $299. 

The new 730 offers 50 mV 
input sensitivity. A count range 
from 10 Hz to 50 MHz. Frequency, 
accumulate and digital stopwatch 
modes. Five selectable gate times. 
Six-digit LED readout. Internal 
crystal controlled time base. 

It also has many features 
you wouldn't expect in a low-cost 
instrument. Including readout 
display storage with storage 
override control. Precision crystal 
oscillator accurate to two parts per 

million. And a multi-range time 
base selector switch which permits 
maximum resolution of the 
frequency being measured. 

For easy maintenance, we 
made the ICs socket-mounted. For 
ease of replacement, we offer an 
optional IC spares kit. 

For more information, 
just circle the reader service 
number below or write Newport 
Laboratories, Inc., 630 East Young 
Street, Santa Ana, California 92705. 
For immediate information, call 
collect. Dial (714) 540-4914. 
Ask for Walt Boris. 
Or TWX: 910-595-1787 

Newport Laboratories B.V. , P.O. Box 7759, Schiphol-0, Holland, Tel: 020-45-20-52 
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FIRST WITH A 
REALLY BIG LED 

DIGITAL READOUT! 

New 1 ", 2" and 3" readouts are clearly visible at 
over 60 feet ... and we can build them up to 1 
foot high! All have solid state, 7-segment 
decoder/driver with memory option and accept 
1, 2, 4, 8 BCD inputs. Includes lamp test and non­
driven decimal point. Input logic levels are 2.5 to 
5 voe for logic " 1" and 0 to 0.8 voe for logic 
"O." Supply is 5 VDC @ 550 to 750 mA (max), 
depending on model. Optional bezel available to 
enhance panel appearance. Low as $25 per digit 
in 50-199 quantities. 

ANOTHER FIRST: LOW-COST 
HEXADECIMAL LED READOUT 

ONLY 

$8.35 
PER DIGIT 

Bright .27" high 
characters with 0-9 and A-F 

sequence are easily read at 10 feet 
over wide viewing angle. IC-compatible device 
has 7-segment decoder/driver with memory and 
accepts 1, 2, 4, 8 BCD inputs. Lamp test, non­
driven decimal point and automatic blanking pro­
vision are included. Input logic levels same as 
readouts above; supply, 5 voe @ 200 mA max. 
Attractive bezel (optional) is available with red 
or neutral polarizing filter. 

1 E .... ® 9800 NORTH ORACLE ROAD 
~ TUCSON, ARIZONA USA 85704 

(602) 297-1111 
RATED 

Circle 196 on reader service card 

NEW 
inkless recording 

Speed-Servo® II is now inkless (or you can stay with 
pen and ink strip chart writing with throwaway car­
tridges if you prefer). 

Either way, you get the fastest-selling single or two­
channel crossover recorder with a one-moving-part 
linear servo motor, 0.3 sec. response over 10" span, 
sensitivity to 500 microvolts, a wireless infinite-life 
feedback pot-and low cost! Portable, rack , and panel­
mount flush door styles. 

Models start under $1000. Write for our detailed catalog 
or ask for a demonstration. Box 24000, Indianapolis, 
Indiana 46224. Telephone (317) 244-7611 . 

:Ell ESTERLINE ANGUS I 
A UNIT OF ESTERLINE CORPORATION 

Circle 197 on reader service card 

This 2.3x 1.8x 1-inch module has tracking 
outputs of ± 15 V @ 25 ma with regulation ?f 
±0.1% and ripple of 1 mv. It costs $14.00 in 
1,000 lots and only $24.00 for one. Requisition 
Model 015-03. (For ± 12 .V @ 25 ma, order 
Model 012-03.) Three-day shipment guaranteed. 

Acopian Corp., Easton, Pa. 18042 
Telephone: (215) 258-5441 

Circle 198 on reader service card 


