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Pease a b. 
Wonderful World of V/F's. 

Voltage to frequency converters are 
not new. You could always buy a good 
V/F converter in a big, rack-sized module. 
In fact, H-P and others made huge, 
monstrous things that cost a thousand 
dollars each. And they featured pretty 
good performance, considering. 

Nowadays, we're talking about 
modern, small, reliable hybrid modules 
that don't cost you an arm and a leg. And 
don't need half-a-house worth of power to 
run. Say j----15 volts at a dozen or so mA. 
With the kind of linearity, 0.01%, and 
ultra-low TC you used to have to buy 
racks-worth for. 
Why build it if you can't fly it? 

Sure you could construct your own 
V/F converter. But the garden variety 
are usually pretty crummy. It's hard to get 
better than 1% linearity. And you just 
can't make a good V/F easily using the 
circuits you find in magazines today. 

On the other hand, by putting 
together non-state-of-the-art components 
in a tricky circuit, we regularly succeed i 
producing a state-of-the-art V/F convert 

Sol guess the big reason for buying 
and not doing it yourself is that you get 
more experience, more development, mor 
of everything that makes it work. And 
less of the guesswork. 
The one and only. 

Our competitors in the V/F and 
F/V area are few and far between. A 
couple of guys offer one, maybe two 
versions of V/F converters. But linearity 
is not one of their strongest features. And 
that's being charitable. 

We have a standard line and we've 
been making a lot of specials, too. And 
some of the specials we're trying to trade 
up to standards. Like micropower ones 
and ultra-low TC ones and all the way up 
to 10MHz and weird stuff like that. 

We've got the 4701—a 0 to 
10kHz V/F, the 4703—a 100kHz 
V/F, and the big gun—the 4705—a 
1MHz V/F. Once we mastered the V/F, 
the other side of the coin—the F/V 
—was easy. So we've got the 4702 
10kHz and the 4704 100IcHz F/V. 

Robert A. Pease, Sr. Engineer 

We use aprecision charge dispens-
ing technique. Which means if you dump 
a certain value of charge from a capacitor, 
Q = CV, the frequency at which you do 
this determines the current and the 
amplifier sort of integrates this value and 
circles around the loop until you get the 
correct frequency. It's easy in theory, 
tricky in execution. Another standard 
approach is Q = IT which is a little 
more difficult and not nearly as good. 
After you've got it 
what are you going to do with it? 

We've got loads of standard appli-
cations literature on V/F and F/V use. 
In such areas as telemetry, tachometry, 
A/D converters, common-mode isolation, 
integration and how you can offset them or 
.§hift the full scale value or filter things. And 
how to work with different frequencies. 

We discovered that several of our 
customers are using them in pollution 

nitoring where essentially you have to 
grate for a long time without drift. 
ere are some people in photospectrom-
who integrate the area under a curve. 
Voltage to frequency conversion 

vice versa has been in use a long time. 
ur Teledyne Philbrick V/F Converters 

make it easier and less tricky to use V/F 
conversion in a lot of new ways. 
Don't be afraid, ask us. 

If V/F or F/V sounds like it may 
answer your problem. Or if you don't 
know you have a problem, you really 
ought to get our Application Notes and 
spec sheets anyway. Telephone, toll-free 
(800) 225-7883, in Massachusetts (617) 
329-1600, or write, Dedham, Mass. 
02026. In Europe, Tel. 73.99.88, Telex: 
25881, or write, 1170 Brussels, Belgium. 

irTELEDYNE 
PHILBRICK 

"See us at IEEE/INTERCON Booth 2122" 

Circle 900 on reader service card 



HP CALCULATORS SOLVE YOUR PROBLEMS, YOUR WAY. 

Debug Your System Design 
Before You Build It. 

Stable? Oscillatory? Unstable? With an HP 9830 
Calculator, you'll know exactly how your control 
system will perform—long before you've 
committed to an expensive prototype. 
The secret to this cost-saving 

performance is our new State-Variable Dynamic 
Analysis Software. It's a carefully developed set of 
programs that can ensure you a stable system— 
often in less time than it takes to evaluate one or 
two computations by other methods. 
Consider the benefits! No more struggling 

with Laplace transforms. No hassling with 
computer programming and interfacing. You just 
key in system component values directly from your 
block diagram, and the 9830 does 
the rest, automatically. 

In ten minutes or less, you get a high 
resolution plot of transient response and printed 
documentation of system parameters. And if your 

HEWLETT ek PACKARD 

Sales and ser,ce from 172 offices In 65 countneS 

design needs adjustment, the handy 
post-modification routine lets you change 
components or parameters with a few keystrokes. 

Electronic, hydraulic, mechanical, optical or 
hybrid controls: The HP 9830 Dynamic Analysis 
System can quickly save you enough on design 
costs to repay its $435* per month lease price. And 
through our extensive software library, you can 
compound its profitability with savings on the 
whole spectrum of engineering tasks. 

But why not see for yourself. For complete 
details, or a hands-on demonstration, call your local 
HP Sales Office. Or send us the coupon below: 
'Domestic U.S. A. price only. Lease, where available, includes service contract. 

/ Please tell me more about your Dynamic Analysis System. 

O Hands-on demonstration D Information only 

I analyze these kinds of systems  

Name  
Firm  
Address  

 Zip 
Telephone  

Hewlett-Packard Co. 

\ P.O. Box 301. Loveland, Colorado 80537 E 3/74) 

For information circle 98 on Reader Service Card For Demonstration Circle 1 on Reader Service Card 



HP: INNOVATIONS THROUGH MICROPROGRAMMING 

HP's New Fast FORTRAN Processor: 
This Tiger Is No Pig. 

It's a firmware package that 
runs FORTRAN IV programs 
up to 28.8 times faster. 

And it's available only on 
Hewlett-Packard's microprogrammable 
2100 minicomputer. 

To buy one, 
contact your local HP field engineer. 

Ask him to run 
your FORTRAN IV benchmark. 

Or write 

HEWLETT h PACKARD 

Sales and service from 172 offices in 65 countries. 
1501 Page MIll Road, Palo Alto. Callforola 94304 

22325 

2 Circle 2 on reader service card Electronlcs/March 21, 1974 
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29 Electronics review 
SOLID STATE: CCD imager resolution improves again, 29 
CONSUMER ELECTRONICS: Interactive TV can teach and play, 30 
Ohio to get big, cheap, two-way CAN system, 30 
Clothes dryer uses MOS control chip, 31 
NAVIGATION: Two-system plan charts new markets, 31 
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89 Technical Articles 
COMMUNICATIONS: Optical waveguides look brighter than ever, 89 
DESIGNER'S CASEBOOK: Cassette recorder can monitor phone, 98 
Winking LED notes null for IC-timer resistance bridge, 100 
CIRCUIT DESIGN: Generalized Smith charts aid rf-circuit analysis, 102 
COMPUTERS: 12-bit microprocessor nears minicomputer capability, 111 
ENGINEER'S NOTEBOOK: Reducing power drain of static RAM ICs, 119 
Operating a logic gate as a flip-flop, 120 
Isolator circuit permits scope to check ungrounded voltages, 121 

127 New Products 
IN THE SPOTLIGHT: LEDs go up in size, down in price, 127 
COMPONENTS: Clock oscillator in DIP is 0.2 inch high, 129 
INSTRUMENTS: Pulser rate covers 0.01 Hz to 10 MHz, 137 
SEMICONDUCTORS: Infrared LEDs are matched to fiber optics, 147 
PACKAGING & PRODUCTION: Thermoplastic is easy to mold, 157 
COMMUNICATIONS: Tone encoder offers low distortion, 167 
MATERIALS: 170 
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Highlights 

The cover: Optical cable is nearly here, 89 

Practical optical data links could be built to-
day, now that optical waveguides are catch-
ing up both technologically and economi-
cally on the more advanced—and more 
available—light sources and light detectors. 
This kind of cable promises large band-
widths and immunity to crosstalk at even-
tually low prices. 

Electronics Is booming, 65 

Counter to many predictions, bookings and 
billings as well as sales are running higher 
than last year at electronics companies 
across the country. Capital spending, too, is 
on the increase. 

Computer generalizes Smith charts easily, 102 

Though an extremely powerful tool for rf cir-
cuit analysis, the generalized Smith charts 
are rarely used because they require some 
complex mathematics. This difficulty, how-
ever, is easily overcome with the aid of any 
microwave-analysis program capable of 
handling scattering parameters. 

Microprocessor handles 12 blts in parallel, 111 

Capable of direct memory access and re-
sponsive to eight levels of interrupt, this 
MOS LSI chip is organized around an asyn-
chronous bus and even contains a micro-
programed read-only memory. 

And in the next issue . . . 

Special report on photovoltaic cells. . .a 
low-cost video disk recording sys-
tem. . .when to prefer tin-plated to gold-
plated contacts. 
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ELECTRONIC and ALLIED INDUSTRIES  (Parts, Accessories and Materials) 

J N. Howard It., 2300 Wabansia Ave., 
Chicago. Ill. (See Page 151 .) 

Kellogg Switchboard & Supply Co., 6650 
S. Cicero Ave., Chicago, Ill. 

Mallory 8z t'o., P. R., 3029 E. Washington 
St, Indianapolis, Ind. 

National Co., 61 Sherman St., Malden, 
Mass. 

Pyle-National (7o., 1334 N. Kostner Ave.. 
Chicago, Ill. 

Universal Microphone Co.. Centinela at 
Warren Lane, Inglewood. Cal. 

Utah Radio Products Co., 820 Orleans St., 
Chicago, Ill. 

Waterbury Button Co.. 835 S. Main St.. 
Waterbury, Conn. 

Pointers  
DIAL POINTERS 

see also Knobs 
also Dials 

American Emblem Co., Utica, N. Y. 
American Radio Hardware Co.. 476 Broad-

way, New York, N. Y. 
Bud Radio, Inc., 2118 E. 55th St., Cleve-

land, Ohio 
Crowe Name Plate & Mfg. Co., 3701 

Ito yens wood Ave., Chicago, Ill. 
Grammes & Sons, Inc., L. F., 366 Union 

St., Allentown, Pa. 
Insuline Corp. of America, 30-30 North-

ern Blvd., Long Island City, N. Y. 
Liberty Engraving & Mfg. Co., 2911 S. 

Central Ave., Los Angeles, Cal. 
New England Radlocrafters. 1156 Com-

monwealth Ave.. Brookline. Mass. 
Radio City Products Co., 127 W. 26th St., 

New York. N. Y. 

Points  
CONTACT POINTS 

American 1.:Iertrii Metal Corp., 165 Broad-
way, New York, N. Y. 

American Platinum Works. New Jersey 
It. R. Ave. at Oliver St.. Newark. 
N. J. 

Baker & Co., 113 Astor St., Newark. N. J. 
Bishop & Co., Platinum Works, J., 12 

Charming Ave., Malvern. Pa. 
Brainin Co., C. S., 20 Van Dam St., New 

York. N. Y. (See page 167a 
Callite Tungsten ('orp., 544 39th St.. 

Union City, N. J. (See page 46.) 
Cleveland Tungsten, Inc., 10000 Meech 

Ave., Cleveland. Ohio 
Fansteel Metallurgical Corp.. 2200 Sheri-

dan Rd., North Chicago. Ill. 
General Electric Co., Schenectady, N. Y. 
General Plate Div., Metals & Controls 

Corp., 34 Forest St.. Attleboro, Mass. 
General Tungsten Mfg. Co., 502 23d St., 

Union City. N. J. 
Gibson Electric Co., 8350 Frankstown 

Ave., Pittsburgh, Pa. 
Independent Contact Mfg. Co., 540 39th 

St., Union City, N. J. 
Mallory & Co., P. R.. 3029 E. Washington 

St., Indianapolis, Intl. (See Page 50.) 
Metroloy Co., 57 E. Alpine St., Newark, 

N. J. (see page 124.) 
Paraloy Co., 600 S. Michigan Ave.. Chi-

cago, III. (See page 162.) 
Tungsten Contact Mfg. Co., North Ber-

gen, N. J. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh. I'a. 
Wilson Co.. H. A.. 105 Chestnut St., New-

ark, N. J. (See page 112.) 

Porcelain  
•ee sOlat —11 eV a In lc 

Posts  
BINDING POSTS and TERMINALS 

Alden Products Co., 117 Main St., Brock-
ton, Mass. 

American Automatic Electric Sales Co.. 
1033 W. Van Buren St.. Chicago, Ill. 

American Radio Hardware Co.. 476 Broad-
way, New York, N. Y. 

Birnbach Radio Co., 145 Hudson St., New 
York. N. Y. 

Bud Radio, Inc., 2118 E. 55th St., Cleve-
land, Ohio 

Cannon Electric Development Co.. 3209 
Humboldt St., Los Angeles. Ca I. 

Cinch Mfg. ('orp.. 2335 W. Van Buren 
St., Chicago, Ili. (Sec page 91.) 

Cinema Engineering Co.. 1508 S. Ver-
(Ingo Ave.. Burbank. Cal. 

Clare & Co., C. P.. Lawrence 8z Lamon 
Ayes., Chicago, Ill. 
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1/..ran & Sons, James C., 150 Chestnut 
St., Providence, it. I. 

Eby, Inc., Hugh H., 4700 Stenton Ave., 
Philadelphia, Pa. 

Fahnestock Electric Co., 46-44 11th St., 
Long Island City, N. Y. 

Federal Screw Products Co., 26 S. Jeffer-
son St., Chicago, Ill. 

Franklin Mfg. Corp., A. W.. 175 'Valli* 
St., New York, N. Y. 

iloosiek Falls Radio & Electrical l'arts 
Mfg. Co., First St., Hoosick Fails, 
N. Y. 

Industrial Screw & Supply Co., 711 W. 
Lake St., Chicago, Ill. 

Jones, Howard B., 2300 Wabansia Ave., 
Chicago, Ill. 

Mallory & Co., P. It, 3029 E. Washing-
ton St., Indianapolis, Ind. 

Manufacturers Screw Products, 216 W. 
Hubbard St., Chicago, Ill. 

Meter Devices Co., 1001 Prospect Ave., 
S. W., Canton, Ohio 

Miller Co., J. W., 5917 S. Main St., Los 
Angeles, Cal. 

Morse Co., Frank W., 301 Congress St., 
Boston, Mass. 

Polk, J. L., 139 Maple Ave., Troy, N. Y. 
States Co., 19 New Park Ave., Hartford, 

Conn. 
Stromberg-Carlson Telephone Mfg. Co., 100 

Carlson Rd., Rochester, N. Y. 

Potentiometers  
see al.* Controls 

Allen-Bradley Co., 136 W. Greenfield Ave., 
Milwaukee, Wis. 

American Instrument Co., 8010 Georgia 
Ave., Silver Spring, Md. 

Audio Products Co., 2101 S. Olive St., 
Burbank, Cal. 

Bailey Meter Co., 1050 Ivanhoe ltd., Cleve-
land, Ohio 

Bristol Co., Waterbury, Conn. 
Brown Instrument Co., 4428 Wayne Ave., 

Philadelphia, Pa. 
Cambridge Instrument Co., Grand Central 

Terminal, New York, N. Y. 
Doyen Co., 158 Summit St.. Newark, N. J. 
DeJur Amseo Corp., Shelton, Conn. (See 

page 128.) 
nekson Co., 7420 Woodlawn Ave., Chi-

cago, Ill. 
Electronic Products Co., St. Charles, Ill. 
Foxboro Co., Neponset Ave., Foxboro, 

Mass. 
General Electric Co., Schenectady, N. Y. 
J-B-T Instruments, Inc., 441 Chapel St., 

New Haven, Conn. 
Leeds & Northrup Co., 4970 Stenton Ave., 

Philadelphia, Pa. 
Lewis Engineering Co., Naugatuck, Conn. 
Mason-Neilan Regulator Co., 1190 Adams 

St., Boston, Mass. 
National Technical Laboratories, S20 Mis-

sion St., South Pasadena, Cal. 
Ohmite Mfg. Co., 4835 W. Flournoy St., 

Chicago, III. 
Rubicon t'o., 3751 Ridge Ave., Philadel-

phia, Pa. 
Spence Engineering Co., 53 Grant St., 

Walden, N. Y. 
Tagliabue Mtg. Co., C. J., Park & Nos-

trand Aves., Brooklyn, N. Y. 
Taylor Instrument Companies, 100 Aines 

St., Rochester, N. Y. 
Thwing-Aibert Instrument Co., Penn St. 

& Pulaski Ave., Philadelphia, Pa. 
Tech Laboratories, 7 Lincoln St., Jersey 

City, N. J. 
Utah Radio Products Co.. 820 N. Orleans 

St., Chicago, Ill. 
Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave.. Newark, N. J. 
Wheeico Instruments Co., Harrison & Pe-

oria Sts., Chicago, Ill. 

Rectifiers 
set. also Tubes 

DRY DISC RECTIFIERS 
American Television & ltadio Corp., 300 

E. 4th St., St. Paul, Minn. 
Benwood Linze Co., 1815 Locust St., St, 

Louis, Mo. (See page 167.) 
Electrical Products Co., 6535 Russell St., 

Detroit, Mich. 
Fansteel Metallurgical Corp., 2200 Sheri-

dan Rd., North Chicago, Ill, 
General Electric Co., \Vest Lynn, Mass. 
International Telephone & R/11110 Mfg. 

Corp.. 1000 Passaic Ave., Newark. N. 
J. (See page 42.) 

Mallory & Co., P. R., 3029 E. Washing-
ton St., Indianapolis, Ind. 

Standard Transformer Corp., 1500 N. Hal-
sted St., Chicago, Ill. 

Regulators  
see also Transfo roo,... 
also Tubes 

VOLTAGE REGULATORS 

and STABILIZERS 

Acme Electric & Mfg. 31 Water St., 
Cuba, N. Y. 

Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
American Transformer Co., 17X Emmet St., 

Newark, N. J. 
Burlington Instrument Corp., Burlington, 

Iowa 
Clark Controller Co., 1146 E. 152d St., 

Cleveland, Ohio 
Clarostat Mfg. Co., 287 N. Sixth St.. 

Brooklyn, N. Y. 
Eclipse Aviation Div. of Bendix Aviation 

Corp., Bendix. N. J. 
Electronic Products Co., St. Charles, Ill. 
Ferris Instrument Corp., Boonton, N. J. 
Freed Transformer Co., 72 Spring St., 

New York, N. Y. 
General Electric Co., Schenectady, N. Y. 
Hadley Co., Robert M.. 711 E. 61st St., 

Los Angeles, Cal. 
Halldorson Co., 4500 Ravenswood Ave., 

Chicago, Ill. 
Ideal Commutator Dresser t'o., 1631 Park 

Ave., Sycamore, 
International Resistance Co., 101 N. Broad 

St., Philadelphia, l'a. 
Jones-Orme Co.. 1645 Hennepin Ave., St. 

Paul, Minn. 
Miller Co., Bertrand F., Trenton, N. J. 
Norwalk Transformer Corp., South Nor-

walk, Conn. 
Raytheon Mfg. Co., 190 Willow St.. Wal-

tham, Mass. (See page 150.) 
RCA Mfg. Co., Camden. N. .1. 
Roller-Smith Co., Bethlehem. Pa. 
Skaggs Transformer t'o.. 51t94 Broadway, 

Los Angeles, Cal. 
Solo Electric Co., 2525 Clybourn Ave.. 

Chicago, Ill. (See page 7.) 
Standard Transformer Corp., 1500 N. Hal-

sted St., Chicago, Ill. 
Superior Electric Co.. 32 Harrison St., 

Bristol, Conn. (See page 119.) 
Thordarson Electric Mfg. Co., 500 W. 

Huron St., Chicago, Ili. 
United Transformer ('o., 150 York* St., 

New York, N. Y. (See page 2.) 
Ward Leonard Electric Co., 31 South St., 

Mount Vernon, N. Y. 
Wirt Co., 5221 Greene St., Philadelphia, 

Pa. 

Relays  
HEAVY DUTY RELAYS 

Allen-Bradley Co., 136 W. Greenfield Ave., 
Milwaukee, Wis. 

Allied Control Co., 227 Fulton St., New 
York, N. V. (See page 164.) 

American Automatic. Electric Sales Co., 
1033 W. Van Buren St., Chicago. Ili. 
(See page 177.) 

American Instrument Co., S010 Georgia 
Ave., Silver Spring, Md. 

Autorall Co., 1142 Tucker Ave., Shelby, 
Ohio 

Automatic Switch Co.. 41 Fl 11th St., 
New York, N. Y. 

Cutler-Hammer, Inc., 1401 W. St. Paul 
Ave., Milwaukee, Wis. 

Dunn, Inc., Struthers, 1315 Cherry St., 
Philadelphia, Pa. 

General Controls Co., 801 Allen Ave., Glen-
dale, Cal. 

General Electric Co., Schenectady, N. Y. 
Hagan Corp., George J., 2400 E. Carson 

St., Pittsburgh, Pa. 
I I-B Electric Co., 2518 N. Broad St., 

Philadelphia, Pa. 
Korman Electric Co.. 241 Lafayette St., 

New York, N. Y. (See page 104.) 
Miller Co., Bertrand F., Trenton, N. J. 
Monitor Controller Co., 51 S. Gay St., 

Baltimore, Md. 
Penn Electric Switch Co.. Goshen, Ind, 
Philadelphia Thermometer Co., 917 Filbert 

St., Philadelphia, Pa. 
Potter & Brumfield Mfg. Co., Princeton, 

Md. 
Signal Engrg. & Mfg. Co., 154 W. 14th St., 

New York, N. Y. 
Ward Leonard Electric Co., 31 South St., 

Mount Vernon, N. Y. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 
Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave.. Newark, N. J. 
Zenith Electric Co., 1:46 S. Wabash St., 

Chicago, Ill. 
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With the first quarter of 1974 
almost behind us, it looks like 

some of the uncertainties that ac-
companied the start of the new year 
are definitely behind us. 
On page 65, you'll find a report 

on how healthy the electronics in-
dustries are—despite fuel and mate-
rial shortages, talk of recession, and 
all the other worries the general 
economy faces. Right after that, on 
page 68, is a report on the remark-
able optimism among Europe's elec-
tronics leaders as they prepare for 
next month's bellwether Paris Com-
ponents Show. And, in an editorial 
on page 12, we point out that the 
long-term strengths of electronics 
technology far and away outbalance 
the short-term uncertainties—and 
that this is certainly not the time to 
cut back on expansion plans. 

Significantly, more and more evi-
dence is piling up that electronics is 
contracyclical—it does not plummet 
when the general economy does. In-
deed, some experts think that elec-
tronics technology is now so basic, 
pervasive, and essential that it is im-
mune from the extreme recessionary 
swings that may hit other indus-
tries. When you read our economic 
reports, you'll see some of that evi-
dence for yourself. 

D espite the enormous economic 
uncertainties facing Western Eu-

rope because of the energy crisis 
and near-runaway inflation, our 
field editors there found a near-
unanimous feeling that 1974 will be 
a good year. Even in Great Britain, 
the country where things could go 
most wrong, components companies 
are surprisingly optimistic. After 

checking out the technology leaders 
in France, West Germany, Great 
Britain, and Italy, our reporters sta-
tioned in Europe concluded that 
evolution in technology, rather than 
revolutionary new products, would 
set the tenor at the Paris Salon In-
ternational des Composants Elec-
troniques. 
As part of his contribution to our 

story on the market outlook just be-
fore salon time, our Paris-based 
Managing Editor-International, Art 
Erikson, talked with the heads of 
France's two largest components 
companies. 

"It would be hard to imagine two 
more different locales for inter-
views," says Erikson. "Thomson-CSF 
is in the midst of converting an old 
factory in a western Paris suburb to 
modern headquarters for its compo-
nents operations. It was there that I 
saw Philippe Giscard d'Estaing, 
who heads them. A few days later, I 
went with a trainload of French 
business journalists to the Chateau 
d'Artigny near Tours, where RTC-La 
Radiotechnique-Compelec's direc-
tor-general Jacques Bouyer reported 
on the outlook for his company in 
the domed ballroom of the chateau. 
"Whether the surroundings were 

functional or gilded, the message 
was the same. Based on last year's 
surge and what they've seen so far 
this year, both men figure to log 
strong growth this year." 
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SIMPL 
VOLTA EGE your key to low cost reliability 

STABILIZATION 

The ferroresonant voltage 
stabilizing principal depends on 

the saturation of a portion of the 
transformer's iron by the use 

of a resonating capacitor. 
The squarish waveform in the tank 

winding is amplitude isolated 
from the primary winding 

(and, therefore, the line's noise) 
and will collapse if overloaded 
to protect itself and your load. 

Size A: 
up to 180W. 

Size: B 
up to 120W 

ALL KEPCO PRM MODELS 

HAVE WON UL RECOGNITION 

UNDER THEIR COMPONENT 

RECOGNITION PROGRAM; 

UL SPECS. 114 and 478. 

RESONANT 
TANK 

SATURATED FLUX 

TYPICAL OUTPUT 

VOLTAGE CHARACTERISTIC 

SHORT 
CIRCUIT 
REGION 

Why do things the hard way? There's a nice, easy way to provide stable, 
transient-free, d-c voltages in your system ... the Kepco PRM modules. 
Low cost power supplies which, by their elegant simplicity, yield rich 
dividends in reliability and longevity. 

There's no clamped-down high voltage to break out of its regulator and 
mess up your circuits; no noise-generating switches or oscillators to con-
fuse your logic; no delicate transistors requiring elaborate protection. 
Kepco's PRM power supplies use a self-stabilizing resonant transformer, 
oil-filled a-c capacitor, some silicon rectifiers and husky aluminum electro-
lytic filters. That, plus some copper wire is it! 

Voltage is controlled by the saturation flux of the transformer's iron lami-
nation. You can't get more rugged than that. There's no need for auxiliary 
overvoltage crowbars, trigger circuits, current limiters or even fuses! PRM's 
are inherently protected for every sort of abuse. 

Size C: 
extra-filtered 
110-30 mV rms1 
to 180W. 

Size C: 
dual outputs 
to 300W. 

Size D: 
tap adjusted 
output to 60W. 

• ±1% source effect (the "line regulation" for a 100--130V a-c unstable 
source). 

• 100-300 mV rms ripple, spike free! Rejects line noise by more than 
120 dB. 

• Outputs from 4.5V d-c to 240V d-c. 

• Built to exceed 200,000-hour service life. 

For complete specifications and applications notes—write Dept. 0-14 

KEPC 0 KEPCO, INC. • 131-38 SANFORD AVENUE • FLUSHING, N.Y. 11352 • (212) 461-7000 

 0 TWX #710-582-2631 • Telex: 12-6055 • Cable: KEPCOPOWER NEWYORK 
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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 138D gelled-
electrolyte sintered-anode Tanta-

lexn 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 138D 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 RELIABILITY 

40 years ago 

From the pages of Electronics, March, 1934 

Science makes jobs 

Every reader of Electronics has been 
asked: "But don't these new elec-
tronic inventions put men out of 
work, and so aggravate the world's 
troubles of unemployment?" 
The answer, definitely to the ef-

fect that science and electronic in-
ventions build new industries and so 
create jobs, rather than destroy em-
ployment, was made by a group of 
outstanding American scientists 
whose names are also synonymous 
with electronic discovery and appli-
cation, during a joint meeting of the 
New York Electrical Society and the 
American Institute of Physics in the 
Engineering Auditorium, New York 
City, Feb. 22, at which the editor of 
Electronics presided, as head of the 
Electrical Society. 

Following are pointed paragraphs 
from tile discussions: 
Dr. Karl T. Compton, Chairman, 
U.S. Science Advisory Board, Presi-
dent, MIT 
• The idea that science takes away 
jobs, or in general is at the root of 
our economic and social ills, is con-
trary to fact, is based on ignorance 
or misconception, is vicious in its 
possible social consequences, and 
yet has taken insidious hold on 
many minds. 
The spread of this idea is threat-

ening to reduce public support of 
scientific work, and in particular, 
through certain codes of the NFtA, to 
stifle further technical improve-
ments in our manufacturing pro-
cesses. Either of these results would 
be nothing short of a national ca-
lamity,—barring us from an ad-
vanced state of knowledge and stan-
dard of living. 
Dr. Robert A. Millikan, Director 
California Institute of Technology 
• Every labor-saving device creates 
in general as many,—oftentimes 
more,—jobs than it destroys. And 
the new jobs are in general better 
for the individual affected, and 
much better for society as a whole, 
than the old ones. The world's 
drudgery that used to be done by 
human slaves, is now done by soul-
less, feelingless iron slaves. 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

8 Circle 8 on reader service card Electronics/March 21, 1974 



- 

Get the drop on 
redrawing drudgery 

Shortcuts with Kodagraph materials 
can turn drafting hours into minutes. 

Nobody likes to retrace a whole drawing 
just because a few revisions are necessary. 
You don't have to if you make a second 
original on Kodagraph wash-off film. 
Simply wet-erase what you don't want— 
using plain water and a soft eraser—draw 
in the new details and the job is done. 

If on the other hand, you're faced with 
repetitive details, draw them once. And then 
order as many Kodagraph film or paper 
reproductions as you need. Cut them out, 

_ 

tape down on drawing form, rephotograph 
and you have a new original. 
When you need to restore a battered, old 

drawing, have a reproduction made on 
Kodagraph film. Stains virtually disappear. 
Weak lines come back strong. And you end 
up with a crisp, legible black-on-white print. 

Get the details. 

Write for information on how you can 
reduce drafting time with photoreproduc-
tion techniques. Eastman Kodak Company, 
Business Systems Markets Division, 
Dept.DP742, Rochester, N.Y. 14650 

Kodak products for engineering data systems. r Kodak 
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Monroe presents 500 
for3O minutes of 

Introducing  the totally new 1920. 
In order to introduce a scientific and engineering electronic 

calculator so new and different that it defies description, we've 
come up with a unique kind of offer. One of the most fascinating 
printed works of the century. A 500 page volume of the long 
lost notes of Leonardo da Vinci. 
Long available only to serious scholars and meticulously 

penned in a mysterious mirror writing, this newly translated 
volume contains a wealth of information. Leonardo's volumi-
nous notes on sculpture, architecture, astronomy, anatomy, 
physical geography, engineering, and mechanics showing him 
to be centuries ahead of his time. Sold in fine bookstores for 
five dollars. And it's yours absolutely free. 

In return for this gift, we want to show you a new electronic 
computing device so unique that it must be tried to be be-
lieved. 
A device that allows you to work in algebraic form. And that's 

only the beginning. With the 1920 you work with the simplest 
keyboard, so comfortable that it can become second-nature. 
Simpler than any you've ever tried, but with all the power 

you'll ever need. Plus a display you can read even from across 
a room. 
And in 30 minutes we can show you what we mean. 
And for your time, with no further obligation, we will present 

you with a card you return to us. As soon as we receive it, we'll 
send your Leonardo Volume by return mail. 



pages of DaVinci 
your time. 

!Monroe, The Calculator Company 
550 Central Avenue. Orange, New Jersey 07051 Utton 

0Yes, I'd like to see the 1920. Please call for an appointment. 
ElYes, I'm interested, but send further information on your 

offer by return mail. 

Name  

Title  

Company  

Address 

Phone  

LCity  

MONROE 

State  Zip   _J 

Our supply of the Notebooks is limited. So to be sure to get 
yours early, act now. 
To reserve your copy, and schedule a demonstration please 

return the coupon or call your local Monroe office. We're sure 
that both our product and the Leonardo Notebook will amaze 
you. And provide for time well spent. 

MONROE 
The Calculator Company. 
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Editorial  

The challenge of expansion 

It's a puzzling year for electronics firms. On the 
one side, there's bad news, with some economists 
persisting in their forecast of recession. But a 
hard look at the electronics industries shows 
that in most segments—especially in 
semiconductors — business isn't just good, it's 
terrific. 
Many companies echo the comments of 

Morris Chang, group vice president of Texas 
Instruments Semiconductor Group: "Demand 
shows no sign of slackening. We are still very 
much production limited and expect to be for 
quite a while." And Patrick D. Lynch, Motorola 
vice president, sees semiconductors growing 
20-25% this year, with his company due to 
match that growth. 

Other cheery predictions come from 
spokesmen in the communications, computer, 
and components industries. Neal W. Welch, 
board chairman at Sprague, points to an open 
order backlog in excess of $100 million at the 
start of the year. He sees "a continued healthy 
demand for our products in virtually all of the 
markets we serve." And the word from 
minicomputer makers is even more upbeat, with 
many companies talking of the strong 
contracyclical nature of their product. "The 
minis have always come through the swings 
okay," says one company official. 

Further, a recent report on capital spending 
by the economics department of McGraw-Hill 
Publications shows that corporate expansion 
plans have been expanded themselves. Overall, 
companies plan an 18% increase in capital 
expenditures. Manufacturing companies plan a 
whopping 31% increase. In fact, since a 
preliminary survey in October, manufacturing 
companies have added about $3 billion to their 
expansion plans. 

Yet in spite of this outlook, many executives 
are scanning all reports looking for the trouble 

they've been told is coming. I rus Isn't bad in 
itself—if they remain prepared to act. However, 
if they turn cautious and hold off—or cut back— 
on expansion plans, it could hurt. 

There's no denying that the country and 
electronics industries face a set of problems that 
have left executives edgy, to say the least. Prices 
continue to climb, especially for energy—not 
only gasoline but for natural gas and electricity. 
Unemployment, swelled by the drop in auto 
sales, may have levelled off at 5.2% of the labor 
force. And shortages still plague the industry. 
All of these, plus the crisis in confidence in 
Government summed up by the word Watergate 
as well as the uncertain state of the stock 
market, have created an atmosphere in which 
it's tough to make aggressive decisions. 

But there's still plenty of unfulfilled demand, 
which strengthens the prospects for growth. 
Companies see no chance of cutting down 
leadtimes that, in some cases, are too long to be 
healthy. For instance, TI's Chang sees the 
delivery situtation in TTL logic improving some, 
but doesn't think it will reach eight weeks this 
year. It's now at 24 weeks. 

Capacity, therefore, still is the problem, and 
many instrument and semiconductor firms have 
aggressive programs for increasing capacity. 
Indeed, executives in rapidly expanding areas 
such as semiconductors and instruments have 
tough decisions to make. Do they pay attention 
to those financial analysts and economists who 
see rougher times ahead and either scale down 
or slow down efforts to bring new capacity on 
line? Or do they believe their own order books? 
Our vote is on the side of the order books. 

Those that don't expand are likely to find 
themselves well back in the race. The worst fear 
is that they will let the uncertainties outweigh 
the strengths—and talk themselves into limiting 
their own growth. 
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Nylon. Everything you want 
for electrical applications. 

Connectors, switches, ter-
minal blocks—just about 
everything electrical or elec-
tronic—gets a head start on 
performance and economics 
when you mold in Celanese 
Nylon. 

For good reasons. Like the 
fact that Celanese Nylon has 
U/L rating on electrical prop-
erties of 105°C. Great me-

chanical strength and 
toughness. Plus high dielec-
tric properties, so you can 
design more compact units 
with thinner walls. Good 
thermal properties. And fine 
processability. 

There are many formu-
lations of Celanese Nylon, 
including fast-cycling, high-
flow grades, super mold re-

leasegrades,glass-reinforced 
and heat-stabilized. We'll be 
glad to help select the best 
one for your electrical or elec-
tronic application. 

Write for a copy of our bro-
chure on Celanese Nylon. And 
a U/L Yellow Card. Celanese 
Plastics Company, Dept. 
N-507, 550 Broad Street, 
Newark, N.J. 07102. 

Celanese Plastics Company is a division el Celanese Corporatron. Canachan AfIll'ate Celanese Canada Ltd. Export: Amcel Co., Inc., and Pan Amcel Co., Inc.. 522 F.lth Ave., New York 10036 

A TOUGH TEAM FOR TOUGH TIMES: CELCON: CELANEX: CELANESE NYLON. 

(de 
(,Irclo• ,)r1 r, : CELANESE 

ENGINEERING 
RESINS 



FREE 
Engineering 
Handbook 
from RL 
Electromagnetic 
Delay Lines 
Including Dual-In-Line 
(DIP) 

NEW 
'74 

EDITION 
Terms ... engineering 
definitions.., test methods 
... how to specify delay lines 
...characteristics of various 
types ...specifications 
...t hey're all included in 
this concise, easy-to-read 
handbook ...yours for 
the asking. 
LUMPED CONSTANT ... 
DISTRIBUTED CONSTANT 
... VARIABLE 
all three types are covered 
in this reference 
handbook. 

RL 
RCL ELECTRONICS, Inc., 
General Sales Office: 

Seven Hundred 
South Twenty First Street 
Irvington, New Jersey 07111 

People 

Ben Grossman steers 

into capacitor sales 

International Electronics Corp., a $3 
million company in Melville, N.Y., 
has a sophisticated technology-ori-
ented sales and marketing organiza-
tion, but it lacked its own factories 
and technology know-how. So it 
bought the much larger Electro Mo-
tive Corp. Electro Motive, which 
had experience and production ca-
pability but lacked a dynamic mar-
keting effort, produces the El Menco 
line of capacitors, with plants in 
Willimantic, Mass., Florence, S. C., 
and Kingston, Jamaica. It was a 
merger of capabilities. 
The man negotiating the deal was 

Ben Grossman, then president of 
IEC and now president and chair-
man of the board of both com-
panies. Last August, after the sale 
was completed, there were some 
serious problems, says Grossman: 
"Electro Motive was booking orders 
like mad, but lead time was 20 to 30 
weeks. Customers were screaming 
and beginning to blame us for what 
wasn't delivered. We had to clear up 
the clogged pipelines." On top of 
this, IEC had to negotiate a union 
contract at Electro Motive's, Flor-
ence, S.C. plant about the same 
time. But the result appears to have 
been worth the trouble. 
"When we took over Electro Mo-

tive," says Grossman, "it had $18 
million in sales as of their year-end, 
May 1973. Since the changeover, it 
is operating at a $30 million annual 
rate. Production has increased to the 
point where we have shortened lead 
times to 14 weeks with the same 
backlog as before." 
Why should a successful capacitor 

company sell out to a smaller firm, 
especially when the long-range 
prospects look so good? "People 
make the most money," says Gross-
man, "by selling in a rising market." 
And he adds, "The original found-
ers of the company were getting 
older and were not ready to start re-
juvenating an industry." 

For Ben Grossman, the climb to 
his present position began when he 
was 12 years old: "I used El Menco 
capacitors in making my own ra-

Buyer. Ben Grossman heads IEC which 

recently bought Electro Motive." Corp. 

dios." In the 1930s, he tested tubes 
at his father's distributing operation, 
and "at age 16, I was a components 
supplier to the back-room radio 
manufacturers." 
Grossman got much of his techni-

cal training in the Signal Corps dur-
ing World War 2 and afterwards de-
cided to make his own radio set. 
"But we couldn't get components. 
Rather than go bankrupt, we de-
cided to sell the components we 
had, basically for export." 
From England's Mullard Co., 

Grossman imported a better quality 
of tube, one with less hum than then 
U.S-made tubes, and this was the 
start of IEC—a company that has 
grown to more than three times its 
size in less than nine months. 

Ottobrini sees 

ceramic boom 

Harold Ottobrini, the founder of 
Metalized Ceramics Corp. (MetCe-
ram), is pleased: sales of ceramic 
packages in 1973 soared nearly 
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For built-in rellabil 
design with 
‘`Scotchflex" 

Flat Cable/Conne 
Systems. 

"Scotchflex" Flat Cable and Connectors 
can offer you trouble-free packaging for 
your next generation equipment. 

There's built-in reliability for your circuit 
inter-connects. Our flat, flexible PVC Cable 
has up to 50 precisely spaced conductors. 
The gold plated U-contacts are set into a 
plastic body to provide positive alignment. 
They strip through the insulation, capture 
the conductor, and provide a gas-tight 
pressure connection. 
Assembly cost reductions are built-in, 

too. "Scotchflex" Connectors make up to 
50 simultaneous connections without strip-
ping or soldering. No special training or 

Electronlcs/March 21, 1974 
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costly assembly equipment is needed. 
Off-the-shelf stock offers you flat cable 

in a choice of lengths and number of con-
ductors from 14 to 50. Connector models 
interface with standard DIP sockets, wrap 
posts on .100 x .100 in. grid, or printed 
circuit boards. Headers are available to 
provide a de-pluggable inter-connection 
between cable jumpers and printed circuit 
boards (as shown). Custom assemblies are 
also available on request. 

For full information on the "Scotchflex" 
systems approach to circuit- rn 
ry, write to Dept. EAH-1, 3M 

Center, St. Paul, Minn. 55101. COMPANY 
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(Parts. Accessories and Materials) 1942-1943 BUYER'S GUIDE for the 

MERCURY RELAYS 

American Automatic Electric Sales Co.. 
1033 W. Van Buren St., Chicago, Ill. 
(See page 177.) 

American Instrument Co., 8010 Georgia 
Ave., Silver Spring, Md. 

Autocall Co., 1142 Tucker Ave., Shelby, 
Ohio 

Barber-Colman Co., Loomis & River Sts., 
Rockford, Ill. 

Brown Instrument Co., 4428 Wayne Ave., 
Philadelphia, Pa. 

Clare & Co., C. P., Lawrence & Lamon 
Aves., Chicago, Ill. 

Dunn, Inc., Struthers, 1315 Cherry St.. 
Philadelphia, Pa. (See page 10.) 

Durakool, Inc., 1010 N. Main St., Elkhart. 
I nd. 

Guardian Electric Mfg. Co, 1621 W. Wal-
nut St., Chicago. Ill. (See page 13.1 

11-11 Electric Co., 2518 N. Broad St., Phil-
adelphia, Pa. 

Mercoid Corp., 4201 Belmont Ave., Chi-
cago, 

M innealiol is-Honeywell Regulator Co., 
2712 Fourth Ave., S., Minneapolis, 
Minn. 

Philadelphia Thermometer Co., 917 Fil-
bert St., Philadelphia. l'a. 

Precision Thermometer & Instrument Co.. 
1434 Brandywine St., Philadelphia, 
l'a. 

Ward-Leonard Electric Co., 31 South St., 
Mount Vernon, N. Y. (See page 34.) 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave.. Newark, N. J. 

POLARIZED RELAYS 

American Automatic Electric Sales Co., 
1033 W. Van Buren St., Chicago, In. 
(Sec page 177.) 

Autocall Co., 1142 Tucker Ave., Shelby, 
Ohio 

Dunn, Inc., Struthers, 1315 Cherry St., 
Philadelphia, Pa. (See page 10.) 

Edison, Inc., Thoma A., Instrument Div., 
51 Lakeside Ave., West Orange, N. J. 

L A B Corp., Summit. N. J. 
Miller Co., Bertrand F., Trenton, N. J. 
Precision Thermometer & Instrument Co., 

1434 Brandywine St., Philadelphia, 
Pa. 

Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark, N. J. 

SENSITIVE CONTROL RELAYS 

Advance Electric Co., 1260 W. Second St., 
Los Angeles, Cal. 

Allied Control Co., 227 Fulton St., New 
York, N. Y. (See page 164.) 

Autocall Co., 1142 Tucker Ave.. Shelby, 
Ohio 

Dunn, Inc., Struthers. 1315 Cherry St., 
Philadelphia, l'a. (See page 10.) 

General Controls Co., 801 Allen Ave., 
Glendale, Cal. 

General Electric CO., Schenectady, N. Y. 
G-M Laboratories, Inc., 4313 N. Knox 

Ave.. Chicago, ill. (See Palle 113 .) 
Guardian Electric Mfg. Co.. 1621 W. 

Walnut St., Chicago, Ill. (See p. 13.) 
Korman Electric Co., 24l Lafayette St., 

New York, N. Y. (See page 104.) 
Potter & Brumfield Mfg. Co., Princeton, 

Ind. 
Precision Thermometer & Instrument Co.. 

1434 Brandywine St., Philadelphia, 
Pa. 

Sigma Instruments, Inc., 78 Freeport St., 
Boston, Mass. (See Page 131.) 

Signal Engrg. & Mfg. Co., 154 W. 14th St.. 
New York, N. Y. 

Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark, N. J. 

STEPPING RELAYS 

Advance Electric Co., 1260 W. Second 
St., Los Angeles, Cal. 

American Automatic Electric Sales Co.. 
1033 W. Van Buren St., Chicago, Ill. 

Autocall Co., 1142 Tucker Ave., Shelby. 
Ohio 

Dunn, Inc., Struthers, 1315 Cherry St.. 
Philadelphia, Pa. 

Guardian Electric Mfg. Co., 1621 W. Wal-
nut St., Chicago, Ill. (See page 13.) 

Roller-Smith Co., Bethlehem, Pa. 

TELEPHONE RELAYS 

Advance Electric Co., 1260 W. Second 
St., Los Angeles. Cal. 

American Automatic Electric Sales Co.. 
1033 W. Van Buren St., Chicago, Ill. 

D-16 

Autocall Co., 1142 Tucker Ave., Shelby, 
Ohio 

Clare & Co., C. P., Lawrence & Lemon 
Ares., Chicago, Ill. 

Dunn, Inc., Struthers. 1315 Cherry St., 
Philadelphia, Pa. 

Korman Electric Co., 241 Lafayette St., 
New York, N. Y. (See page 104.) 

Leach Relay Co., 5915 Avalon Blvd., Los 
Angeles, Cal. 

Western Electro-Mechanical Co.. 300 
Broadway, Oakland. Cal. 

TIME DELAY RELAYS 

Advance Electric Co., 1260 W. Second St., 
Los Angeles, Cal. 

Allen-Bradley Co., 136 W. Greenfield Ave., 
Milwaukee, Wis. 

American Automatic Electric Sales Co.. 
1033 W. Van Buren St., Chicago, Ill. 

American Gas Accumulator Co., 1029 
Newark Ave., Elizabeth, N. .1. 

American Instrument Co., 8010 Georgia 
Ave., Silver Spring. Md. 

Autocall Co,. 1142 Tucker Ave., Shelby. 
Ohio 

Automatic Temperature Control Co., 33 E. 
Logan St., Philadelphia. l'a. 

Betts & Betts Corp., 551 W. 12d St.. New 
York, N. V. 

Controls, Inc., Towaco, N. J. 
Cramer Co., R. W., Centerbeeek, Conn. 

(See page 169.) 
Cutler-Hammer, Inc., 1401 W. St. Paul 

Ave., Milwaukee. Wis. 
Dunn, Inc., Struthers, 1315 Cherry St., 

Philadelphia, Pa. 
Durakool, Inc., 1010 N. Main St., Elk-

hart, Ind. 
Eagle Signal Corp., Moline. Ill. 
Edison, Inc., Thomas A. Instrument Div.. 

51 Lakeside Ave., West Orange, N. J. 
Electric Controller & Mfg. Co., 2701 E. 

79th St., Cleveland. Ohio 
Electronic Products Co., St. Charles, Ill. 
Friez & Son, Julien P., 4 N. Central Ave., 

Baltimore, Md. 
General Electric Co., Schenectady, N. Y. 
Guardian Electric Mfg. Co., 1621 \V. Wal-

nut St., Chicago, Ill, 
Industrial Engineering Equipment Co.. 

323 E. Fourth St., Davenport, Iowa 
Monitor Controller Co., 51 S. Gay St., 

Baltimore, Md. 
Photobell Corp., 116 Nassau St., New 

York, N. Y. 
Precision Thermometer & Instrument Co., 

1434 Brandywine St., Philadelphia, 
Pa. 

l'referred Utilities Mfg. Corp., 31 West 
60th St., New York, N. Y. 

Rehtron Corp., 2159 Magnolia Ave.. Chi-
cago, Ill. 

Signal Engrg. & Mfg. Co., 154 W. 14th 
St., New York, N. Y. 

Spencer Thermostat Co., 1404 Forest St., 
Attleboro, Mass. (See page 111.) 

Ward Leonard Electric Co.. 31 South St.. 
Mount Vernon, N. Y. 

Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark, N. J. 

White-Rodgers Electric Co., 1209 Cass 
Ave., St. Louis, Mo. 

Zenith Electric Co., 845 S. Wabash St.. 
Chicago, III. 

VACUUM CONTACT RELAYS 

American Automatic Electric Sales Co.. 
1033 W. Van Buren St., Chicago, Ill. 

American Instrument Co., 8010 Georgia 
Ave., Silver Spring, Md. 

Bendix Aviation, Ltd., North Hollywood, 
Cal. 

Edison, Inc., Thomas A., Instrument Div.. 
51 Lakeside Ave.. West Orange, N. J. 

General Electric Co., Schenectady. N. Y. 

Resistors  
DECADE RESISTORS 

Amplifier Co. of America, 17 W. 20th St. 
New York, N. Y. 

Cinema Engineering Co., 1508 S. Verdugo 
Ave., Burbank, Cal. 

Daven Co., 158 Summit St., Newark, N. J. 
General Radio Co., 30 State St., Cam-

bridge, Mass. 
Muter Co., 1255 S. Michigan Ave., Chi-

cago, Ill. 
Ohmite Mfg. Co., 4835 W. Flournoy St., 

Chicago, Ili. (See page 39.) 
Sensitive Research Instrument Corp., 4545 

Bronx Blvd., New York, N. Y. 
%Micros'. Mfg. Co.. 10 Jackson Ave., 

Collingdalc. Pa. (See page 6.) 

Supreme Instruments Corp., 414 Howard 
St., Greenwood, Miss. 

Televiso Products, Inc., 2400 N. Sheffield 
Ave., Chicago, Ill. 

DUMMY ANTENNA RESISTORS 

Ohmite Mfg. Co., 4835 \\ Flournoy St., 
Chicago, Ill. 

FIXED RESISTORS 

Acme Electric Heating Co., 1217 Washing-
ton St., Boston, Mass. 

Aerovox Corp., 740 Belleville Ave., New 
Bedford, Mass. 

Allen-Bradley Co., 136 W. Greenfield Ave., 
Milwaukee, \Vis. 

Atlas Resistor Co., 423 Broome St., New 
York, N. Y. 

Centralab, 900 E. Keefe Ave., Milwaukee, 
Wis. (See page 8.) 

Clarostat Mfg. Co., 287 N. Sixth St., 
Brooklyn, N. Y. (See page 136.) 

Continental Carbon, Inc., 13900 Lorain 
Ave., Cleveland, Ohio 

Cutler-Hammer, Inc., 1401 W. St. Paul 
Ave., Milwaukee, Wis. 

Daven Co., 158 Summit St., Newark, N. J. 
Dixon Crucible Co., Joseph, Monmouth St., 

Jersey City, N. J. 
Electric Controller & Mfg. Co., 2701 E. 

79th St., Cleveland, Ohio 
Electro-Motive Mfg. Co., Willimantic, 

Conn. 
Erie Resistor Corp., 644 W. 12th St., 

Erie, l'a. (See page 45.) 
Euclid Electric & Mfg. Co., Chardon Rd., 

Euclid, Ohio 
General Electric Co., Schenectady, N. Y. 
Globar Div. Carborundum Co., Buffalo 

Ave.. Niagara Falls, N. Y. (See p. 33.) 
Hardwick, Hindle, Inc., 40 Hermon St., 

Newark, N. J. (See page 20.) 
Instrument Resistors Co., Little Fulls, 

N. J. (See page 14.) 
International Resistance Co., 401 N. Broad 

St., Philadelphia, Pa. (See page 93 ) 
Monitor Controller Co., 51 S. Gay St., 

Baltimore, Md. 
Muter Co., 1251 S. Michigan Ave., Chi-

cago, Ill. 
Ohmite Mfg. Co., 4835 W. Flournoy St., 

Chicago, Ill. (See page 39.) 
Precision Resistor Co., 334 Badger Ave., 

Newark, N. J. 
Rex Rheostat Co., 3 Foxhurst lid.. Bald-

win. N. Y. 
Schaefer Bros. Co., 1059 W. 11th St., Chi-

cago, Ill. 
Sensitive Research Instrument Corp., 4546 

Bronx Blvd., New York, N. Y. 
Shallcross Mfg. Co., 10 Jackson Ave., Col-

lingdale, Pa. 
Speer Resistor Corp.. St. Marys. Pa. (See 

page 113.) 
Sprague Specialties Co., North Adams, 

Mass. (See page 135.) 
Square D Co., 6060 Rivard St., Detroit, 

Mich. 
Stackpole Carbon Co., Tannery St., St. 

Marys, Pa. (See page 48.) 
States Co., 3 New Park Ave., Hartford, 

Conn. 
Tuttle & Co., H. W., 261 W. Maumee St., 

Adrian, Mich. 
Ward Leonard Electric Co., 31 South St., 

Mount Vernon, N. Y. (See page 34.) 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 
White Dental Mfg. Co., S. S. (Industrial 

Div.), 10 E. 40th St., New York, N. Y. 
(See page 170.) 

Wirt Co., 5221 Greene St. (Germantown), 
Philadelphia, Pa. 

HIGH FREQUENCY RESISTORS 

Beck Bros., 421 Sedgley Ave., Philadel-
phia, Pa. 

Daven Co., 158 Summit St., Newark. N. J. 
Eastern Specialty Co., 3619 N. Eighth St., 

Philadelphia, Pa. 
General Radio Co., 30 State St., Cam-

bridge, Mass. 
Hardwick, Hindle, Inc., 40 Hermon St.. 

Newark, N. J. (See page 20 ) 
Instrument Resistors, Inc., 25 Amity St., 

Little Falls, N. J. (See page 14.) 
International Resistance Co., 401 N. Broad 

St., Philadelphia, Pa. (See page 93.) 
Leeds & Northrup Co., 4970 Stenton Ave., 

Philadelphia, Pa. 
Ohmite Mfg. Co., 4835 W. Flournoy St., 

Chicago, Ill. (See page 39.) 
Precision Resistor Co., 334 Badger Ave., 

Newark, N. J. 
Shalleross Mfg. Co., 10 Jackson Ave., Col-

lingdale, Pa. (See page 6.) 
Ward Leonard Electric Co.. 31 South St., 

Mount Vernon, N. 1'. (See page 34.) 
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Do-it-yourselfers don't 
always save money 

You can buy enough Cirkitbloc_k im 
modules to equip a pilot rum for 

less than it costs to build 
a single prototype of your own 

Why build power modules when you can buy all the proven, 
immediately-available power modules you need from Power-
cube? Especially when you think of all you'd have to go 
through to build your own: feasibility, circuit design, 
breadboarding, vendor selection, parts procurement and 
qualification, full-scale prototyping, pilot run, test and 
evaluation, trouble-shooting and checkout, plus sev-
eral ECO's. 

Besides the savings, Powercube Cirkitblock'" power 
modules assure reliability in hostile environments, from 
—20 to +85°C. These rugged power modules, whose 
designs trace their heritage to military and space pro-
grams, offer high efficiency conversion at low thermal 
rise. Fully self-contained and easy to install, Cirkitblock 
modules are used in railroad signaling equipment, 
portable data gathering systems, automotive testing 
equipment, commercial aircraft, navigation systems, 
oceanographic research equipment, and portable 
communications equipment. 
We can deliver you enough Cirkitblock modules 

to equip your pilot run for less than it will cost you 
to engineer and build a single prototype of your 
own. Just look in our Power Module Application 
Handbook. If you don't have a copy, write or 
phone us today. 

p214 CALVARY STREET, VVALTRAM, MASS. 02154 (617) 891-1830 

SUBSIO1ARY OF LINITRODE CORPORATION 

POVVERCUBE CORPORATION 

People 

100% over 1972's sales and reached 
$10.8 million at the Providence, 
R.I., firm. Also, Ottobrini was just 
elected president and chief oper-
ating officer of MetCeram, although 
he downplays the promotion as 
more of a change of title. As senior 
vice president, he and former presi-
dent John A. Long, now chairman 
of the board and chief executive of-
ficer, have functioned inter-
changeably for the last five years. 
For Ottobrini, the future is also 

pleasing. He expects the boom in ce-
ramic packaging to continue for the 
next few years because its end users 
are in the fast-growing markets for 
semiconductor memory and mos 
digital logic devices. "The onslaught 
of semiconductor memory devices," 
he says, "has made a tremendous 
difference in the company's success 
and is the main reason we predict 
such a large growth for the next few 
years." Ottobrini says that MetCe-
ram is the first company to ship ce-
ramic IC packages in volume to 
semiconductor manufacturers. 
Room for growth. He rejects the idea 
that plastics may be hurting the ce-
ramics market. "The requirements 
of all technologies have grown, and 
there is plenty of room for plastics 
and ceramics," says Ottobrini. He 
points out that certain products lend 
themselves to the encapsulation in 
plastic, while others require ceramic 
packaging. "But we're not in compe-
tition with plastics in the sense that 
we talk to a guy and try to convince 
him to use ceramic packaging rather 
than plastic." 

Also, the introduction last July of 
a selective gold-plating process has 
brought a lot of business to the com-
pany. The process slices as much as 
35% from the prices of some pack-
ages and provides ceramics with an-
other plus over plastics. 
Taking his cue from the semicon-

ductor industry, Ottobrini says that 
MetCeram plans to set up manufac-
turing plants in areas like the Orient 
and Mexico to utilize low-cost labor. 
In another effort to reduce costs, 
MetCeram finds itself in the middle 
of a program to upgrade labor stan-
dards and manufacturing methods 
with, among other things, a worker-
incentive program. 
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Dialight 
sees a need: 

(Need: Single source supply for all indicator lights.) 

See Dialight. 

110 ON Ill! 
INCANDESCENT OR NEON MINIATURE AND LARGE INDICATORS 

Designed to accommodate either incandescent (2-250V) or neon (105- finishes and terminations. Many lenses may be hot stamped, engraved or 
250V) lamps for panel mounting in 11/16" or 1" clearance holes. Units offered with film legend discs. Oil-tight units with unique "0" ring 
meet or exceed MIL-L-3661 requirements; all are listed in Underwriter's construction make them oil, water and dust tight on the face of the 
Recognized Components Index. Wide selection of lens shapes, colors, panel. Available off the shelf for prompt delivery. 

1_7IALIGHT 
Dialight, A North American Philips Company 

203 Harrison Place, Brooklyn, N. Y. 11237 (212) 497-7600 

SEND ME FREE INDICATOR LIGHT PRODUCT SELECTOR GUIDE. 

LED, INCANDESCENT OR NEON ULTRA-MINIATURE DATALITESe 
Meet or exceed MIL-L-3661.Replaceable plug-in cartridges for 1.35-125V 
operation. Indicators mount as close as 1/2" centers; available with red, 
green, amber, blue, white translucent, light yellow or colorless lenses in 
wide range of lens shapes, legends and finishes. Off-the-shelf. 

tLiit 

t t 

, • 

INCANDESCENT OR NEON SUB-MINIATURE INDICATORS 
Meet or exceed MIL-L-3661. Mounts in 15/32", 1/2" or 17/32" clearance 
holes. Incandescent for 1.35-28V; neon has patented built-in current 
limiting resistor. Choice of cylindrical, faceted, convex, flat, square and 
round lens shapes, colors, finishes, legends. Off-the-shelf. 
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From ele 
to blood analy 

Smart system designers 
use Intel Microcomputers 
for almost everything. 

Right now, Intel Micro-
computers are being used 
to replace hardwired con-
trol logic, cut component and 
assembly costs, raise reliability and make systems easier to 

tain. With control programs stored in read-only 
memories, Intel Microcomputers are replac-
ing hundreds, in some instances even a 
thousand TTL packages. 

Intel Microcomputers are making 
systems smarter, opening new markets 

and preventing product obsolescence. Our cus-
tomers are adapting the Microcomputer to new applications 
and markets by programming ROMs instead of hardwiring logic. 
Products get to market faster since software takes months, per-
haps man-years less time to develop than hardwired logic. 

General purpose Microcomputers, invented two years 
ago by Intel, have already outmoded hardwired logic and 
expensive custom MOS/LSI in hundreds of applications: 

computer terminals, traffic light 
controllers, medical instruments, 
business machines, mass-transit 
equipment, rest,rvation systems, 
cash registers, inventory computers 
for fast-food restaurants, process con-
trollers, electronic test instruments 

and even pinball and slot machines. 
You'll soon be seeing a new Toledo digital com-

puting scale at the corner food store. Accurate to the 
penny, it converts weights to prices and operates a 
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display, label printer, or both with an Intel Micro-
computer. With equal ease, a similar Microcomputer 
handles graphics composition and — 
editing in Automix Keyboard's 
Ultra Comp intelligent terminal 
for typesetting. 

In a Helena Laboratory 
blood analyzer, an Intel Microcomputer translates the raw data 

from a sensing instrument into medically 
meaningful numbers and prints out 
separate quantitative readings 
of several different proteins. 
The Microcomputer reduced 
the electronics cost of the system 

automated instrument is :4* 
about 30%. Another Microcom-

pCutoehrerent Radiation's Dioptrorr 
While a patient reads an eye chart, the central processor. 
analyzes the eyes' focus and prints out the results. Even 

kids too young to read the chart are tested rapidly 
and accurately. 

Finally, take a look at the new video games, pinball machines 
and slot machines. A microcomputer makes them more fun and imaginative. In these 
machines, the Intel Microcomputer acts just dumb enough to let people win once in a while. 

We started the Microcomputer revolution and we continue to lead the industry in the 
development, production, applications support and delivery. 

To find out how you can enhance your product's capability, take 
advantage of our know-how, software library and programming 
aids, subscribe now to Microcomputer News. Just for asking, we'll 
also send you our new Microcomputer catalog. 

Intel Corporation, 3065 Bowers Avenue, Santa Clara, California 
95051 (408) 246-7501. 
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intel Microcomputers. First from the beginning. 
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Faster 
digital 
systems 
checkout 
with 
Kurz-Kasch 
Logic Probes 

Kurz-Kasch's patented 
logic probes identify 

(1) logic low (TTL .0V to 
0.8VDC) white light 

(2) logic high (2.4 to Vc) red light 
(3) deadbands (0.8V to 2.4V) no light 
(4) pulses (any excursion) blue light 

(5) open circuits - no light 

Logic probes are also available 
for MOS, HTL, RTL and discrete 
logic. Prices from $6995 to $9995. 
Send for free literature. For a 30 
day free trial probe or special in-
formation, telephone Tom Barth, 
General Manager, Kurz-Kasch 
Electronics, 2876 Culver Ave., 
Dayton, Ohio 45429, Telephone: 
(513) 296-0330 

Kurz•Kasch,Inc. 
ELECTRONICS DIVISION 

Meetings 

International Convention (Intercon): 
IEEE, Coliseum and Statler Hilton 
Hotel, New York, N. Y. March 
26-29. 

Salon des Composants Electron-
iques: SDSA, Porte de Versailles, 
Paris, France, April 1-6. 

International Reliability Physics 
Symposium: IEEE, MGM Grand Ho-
tel, Las Vegas, Nev., April 2-4. 

International Optical Computing 
Conference. IEEE Computer Society, 
Zurich, Switzerland, April 9-11. 

Optical and Acoustical Micro-Elec-
tronics: IEEE, Commodore Hotel, 
New York, N.Y., April 16-18. 

Carnahan Conference on Electronic 
Crime Countermeasures: IEEE, Uni-
versity of Kentucky, Lexington, 
April 17-19. 

International Circuits and Systems 
Symposium: IEEE, Sir Francis Drake 
Hotel, San Francisco, April 21-24. 

Communications Satellite Systems 
Conference: IEEE, International Ho-
tel, Los Angeles, Calif., April 22-24. 

Pittsburgh Conference on Modeling 
and Simulation: ISA, University of 
Pittsburgh, Pa., April 24-26. 

National Computer Conference, 
AFIPS/IEEE Computer Society, 
McCormick Place, Chicago, Ill., 
May 6-10. 

International Instruments, Electron-
ics, and Automation Exhibition, Ol-
ympia, London, U.K., May 13-17. 

International Magnetics Conference 
(Intermag) '74, IEEE, Four Seasons 
Sheraton Hotel, Toronto, Canada, 
May 14-17. 

Society for Information Display In-
ternational Symposium, Town and 
Country Hotel, San Diego, Calif., 
May 21-23. 

Semicon/West '74, SEMI, San Mateo 
Fairgrounds, San Mateo, Calif., 
May 21-23. 

Your closest SIGNETICS distributor is... 
Phoenix Hamilton/Avnet Electronics (602) 275-7851 
Phoenix Kierullf Electronics (602) 273-7331 

Culver City Hamilton Electro Sales (213) 870-7171 
El Segundo Liberty Electronics (213) 322-8100 
Los Angeles Krerultt Electronics (213) 685-9525 
Mountain grew Hamilton/Avnet Electronics (415) 961.7000 
Palo Alto Kierult1 Electronics (415) 968-6292 
San Diego Cramer Electronics 1714) 565-1881 
San Diego Hamilton/Avnet Electronics (714) 279-2421 
San Diego Kierullt Electronics (714)278-2112 
Sunnyvale. Cramer Electronrcs (408) 739.3011 

Downsvrew Cesco Electronics (416) 661-0220 
Downsview Cramer Electronics (416) 661-9222 
Montreal Cesco Electronrcs (514) 735.5511 
Montreal Hamilton/Avnet Electronics (514) 735-6393 
Ottawa Cesco Electronics 1613) 729-5118 
Ottawa Hamillon/Avnet Electronics (613) 725-3071 
Quebec Cesco Electronrcs (418) 524-3518 
Vancouver Bowlek Electric Co. Ltd. (604) 736-7677 

Denver Cramer Electronics (303) 758-2100 
Denver Hamillon/Avnet Electronics (303) 534-1212 

Hamden Arrow Electronics (203) 24.3801 
Georgetown Hamdton/Avnet Electronics (203) 762-0361 
North Haven Cramer Electronics (203) 239.5641 

Haywood Hamilton/Avnet Electronics (305) 925-5401 
Hollywood Schweber Electronics (305)927-0511 
Orlando Hammond Electronics (305) 241.6601 

Atlanta Schweber Electronics (404) 449- 9170 
Norcross Hamilton/Avnet Electronrcs (404) 448-0800 

Elk Grove Schweber Electronics (312) 593.2740 
Elmhurst Semiconductor Specialists 13121279.1000 
Schiller Park Hamilton/Avnet Electronics (312) 678-6310 

Indranapols Semrconductor Specialists (317) 243.8271 

Lenexa Hamillon/Avnet Electronics (913) 888-8900 

Hanover Hamilton /Avnet Electronics (301) 796.5000 
Rockville Proneer Washington Electronics (301) 424.3300 
Rockville Schweber Electronics (301) 881-2970 

Hurlington Hamilton/Avnet Electronics (617) 273-2120 
Newton Cramer Electronics 1617) 969-7700 
Waltham' Schweber Electronrcs (617) 890-8484 

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

Edrna - Hamilton/Avnet Electronics (612) 941- 3801 
Minneapolis: Semiconductor Specialists (612) 854-8844 

Hazelwood. Hamdton/Avnet Electronics (314) 731-1144 
ki (k brt 
Albuquerque Hamilton/Avnet Electronics (505) 765-1500 

Buffalo Summrt Distributors (716) 884-3450 
Farmingdale. L I Arrow Electronics (516) 694-6800 
Rochester: Schweber Electronics (716) 328-4180 
Syracuse Hamilton/ Avnet Electronics (315) 437-2642 
Westbury Harnilton/avnet Electronics (516) 333-5800 
Westbury Schweber Electronics (516) 334-7474 

Cedar Grove Hamilton/Avnet Electronics (201) 239-0800 
Saddlebrook Arrow Electronics (201) 797.5800 

Cherry HrlI NJ Mm/gray-Delaware Valley (609) 424-1300 
Moorestown Arrow/Angus Electronics (609) 235-1900 
Mt Laurel. NJ Hamilton/Avnet Electronics (609) 234-2133 

Somerset. NJ : Schweber Electronrcs (201) 469-6008 

Greensboro: Hammond Electronrcs (919) 275-6391 

Beechwood Schweber Electronics (216) 464.2970 
Dayton Hamilton/Avnet Electronics (513) 433.0610 
Cleveland Arrow Electronics (216) 464-2000 
Cleveland. Pioneer Standard Electronics (216) 587-3600 
Kettering: Arrow Electronics (513) 253-9176 

Dallas Cramer Electronics (214) 350-1355 
Dallas Harnriton/Avnet Electronics 1214) 661.8661 
Houston Component Specialties (713) 771-7237 
Houston: Hamilton/Avnet Electronrcs (713) 526.4661 

Salt Lake City - Alta Electronics (801) 486-7227 
Salt Lake Crty Hamillon/Avnet Electronics (801) 262-8451 

Bellevue liamilton/Avnet Electronics (206) 746-8750 
Seattle Cramer Electronics (206) 762-5722 
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Now, a 576-bit RAM for men of few words. 

Target-designed 64 x 9 for 45ns buffers and scratch pads. 
Making small talk just got easier. With still another 
world's first from Signetics. Our 82S09 RAM of 576 bits: 
the largest bit count ever put into a bipolar RAM with 
more than one bit per word. This 64 x 9 is available now 
in volume, and multiple-sourced. 

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

BEFORE 

For small, dense memory applications, the 
unique 82S09 RAM—with new cell design and 
enhanced 64 x 9 organization—shrinks board space 
requirements, lowers component count and power 
cost, but slams out all the speed you can handle. 
(Schottky technology delivers 45ns, worst case.) With 
all the traditional bipolar RAM features in the bargain. 
Full decoding. Chip enable. Open collector. And a vital 
bonus, the ninth bit for parity. 

If the picture still needs a little focussing, take a 
minute to scan our Comparison Chart, based on 
production of 200 systems. 

64x9 

AFTER 

82S09 

111e19 

•• "After" 

Parts Cost • 8225 7489 
Decoder 

$96.00 
2.80 

$98.80 

$85.20 
o 

$85.20 

Board Space 1.5 1.0 

Access Time (1) Decoder 
8225/7489 

2Ons 
5Ons 
7Ons 

0 
45ns 
45ns 

Power 
Dissipation 

Decoder 
8225/7489 

0.1 Watt 
6.4 Watts 
6.5 Watts 

0 
1.7 Watts 
1.7 Waft 

Solder 
Connections 

Decoder 
8225/7489 

16 
256 
272 

0 
56 
56 

(1) Even with 3101A (35ns), the total 16x4 access time is 55ns. 
•Signetics 

Okay, talk may be cheap. So make us lay it on the line. 
Today, from your local distributor. 

CLIP THIS COUPON AND ATTACH TO LETTERHEAD FOR FAST ACTION. 

Signetics—RAMs 
P.O. Box 3004-16 
Menlo Park, California 94025 

Spec sheets first, please, on the 82S09, the new bipolar 45ns 
Schottky RAM you've raved about and said is available now. 

Name 

Title Mail StDp 

Srgnatfcs Coroorafion. a autee.difew of Corn•ng Glass Works 

Emotes 
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NOW THERE'S A CHOICE WITH 
THREE BIG DIFFERENCES 

120 MHz, 20 lb and 
a logical layout 

This oscilloscope does the job. 
The job being servicing, testing 

and developing communications 
and computing systems. 

For this you need a bandwidth 
of at least 100 MHz, therefore 
Philips supply 120 MHz in order 
to keep ahead of component 
developments like Schottky TTL. 
A sensitivity of 5 mV is more 

than adequate, while a weight 
of only 20 lb comes as a 
pleasant surprise, (parking 
being what it is, every pound 
counts on a service call). 

And a logical front panel layout 
is equally important since it lets 
you take measurement easier, 
quicker and with less possibility 
of error. (One example of our 
logic is the separation of main 

and delayed time base controls 
in order to avoid any ambiguity). 

Even more 

As well as these obvious 
benefits, the new PM 3260 has 
even more significant features 
like : the clean display, even 
at the highest writing speeds; 

the wide use of thin film 
circuits that help the space 
and weight reduction and that 
increase overall reliability; 

the specially-developed power 
supply that accepts any line 
voltage, frequency and DC and 
that dissipates only 45 W, 
thereby eliminating the need 
for a fan (and associated filters) 

and finally, the modular 

ieeeinterceva 

construction that gives fast 
access to all boards, controls 
and components. 

First in a family 

The new PM 3260 is also the 
first in a new series of 
oscilloscopes that will soon 
include higher and lower 
bandwidth instruments - 
all with the same 
important benefits of high 
performance, light weight and 
excellent ergonomic design. 

To find out more about the 
first in the family write to : 

Test and Measuring Instru-
ments Inc., 224 Duffy Avenue, 
Hicksville, L.I., N.Y. 11802 

PHILIPS 
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miming the new standard of quality 
in cermet film fixed resistors. 

›te'' 

Now Allen-Bradley quality is available in cermet film fixed 
resistors. We coupled 40 years of know-how in reliable 
fixed resistor mass production with 15 years of experience 
in metal film resistive elements. 

The result will change your thinking about film 

resistor suppliers. 
Features? Capless design that does away with 

problems associated with end cap construction. And an 
alumina core with superior thermal characteristics and 
physical strength to resist fractures. Solderable/weldable 
leads. Even dual markings that are easy to read. 

Actual Size 

EC68 

Now available in preferred number values from 
10 ohms to 1 meg; 1% tolerance; % watt at 70°C, watt 
at 125°C; Size 0.250 L. by 0.090 D. Approved to MIL-R-
10509 for style RN55, characteristic D. With tape reel 
packaging if you prefer. 

For complete technical information on the Type 
CC cermet film fixed resistor, write Allen-Bradley 
Electronics Division, 1201 South Second St., Milwaukee, 
Wisconsin 53204. 

There's more to resistors than resistance. 

Circle 24 on reader service card 
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Electronics newsletter  

Mitre installs Drawing a bead on the energy crisis and hoping to stimulate the hunt 
for means to alleviate it, Mitre Corp., McLean, Va., is ordering its own 

pilot solar-cell 
rooftop solar-cell power system for generating electricity directly from 

electricity system sunlight. The Mitre installation will generate 1 kilowatt of electric 
power, making it the world's largest terrestrial photovoltaic installation 
put into place to date. 

Also included in the demonstration system, for which Mitre is spend-
ing $130,000 of its own money, is an electrolysis unit that uses the elec-
tricity to convert water into hydrogen and oxygen. Held in storage, the 
hydrogen will then be recombined with oxygen in a fuel cell so that the 
system will be able to generate electricity 24 hours a day. An inverter 
will change the dc output voltage to 110 volts ac for driving a demon-
stration load. 

Mitre is buying all of the components off the shelf, and most of the 
solar panels—each generates 50 watts—come from Solarex Corp., Rock-
ville, Md. The complete system could begin operating during the sum-
mer. 

Brows raised In an industry where premature announcements are the rule, eyebrows 
b production of have been raised by Intel's disclosure that its 1,048-bit bipolar RAM, y  

unveiled last month at the International Solid State Circuits Confer-
Intel bipolar RAM ence, has been in production for five months. The new 60-nanosecond 

part, a simplified Schottky-TTL design that saves chip area with con-
ventional processing [Electronics, Feb. 21, p. 114], is going exclusively 
to Intel's Memory Systems division for use in IBM 370/145 add-on 
memories. Although circuits are not yet for sale to outsiders and data 
sheets are unavailable, the RAM may be put on the market as early as 
April or May. 

National schedules National Semiconductor will soon introduce high-voltage versions of 
the popular 75451 interface-driver circuit family. The 3611 through 

high-voltage 3614 break down at 80 volts, compared to 30 or 40 v for the 7451 and 
interface-drivers 40 V for the 75461. Although the parts are pin-for-pin replacements 

and sink the same 300 milliamperes per side, they switch in 120 nanose-
conds, rather than the 20 ns of the devices they replace. This is consid-
ered an advantage in many of the relay, solenoid, and hammer appli-
cations, where high speed of the devices complicates design. 

Motorola's Texas 

facility plans 

shaping up 

The emerging commitment to complementary and n-channel mOs at 
Motorola's Semiconductor Products division is underscored by initial 
plans for the division's new 300,000-square-foot facility in Austin, 
Texas. The first plant section, which will go on-stream about midyear, 
will be devoted to the line of 78 C-mOS products Motorola is now pro-
ducing, and about 15 additional C-MOS parts will be introduced before 
year-end. The second step in Austin, planned for late this year or early 
1975, will be to open a section devoted entirely to n-channel produc-
tion. 
No new p-channel moS parts are being planned by Motorola. Offi-
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ELECTRONIC and ALLIED INDUSTRIES 
HIGH VOLTAGE RESISTORS 

Beck Bros., 421 Sedgley Ave., Philadel-
phia, Pa. 

Ciarostat Mfg. Co., 285 N. Sixth St., 
Brooklyn, N. Y. 

Hardwick, Hindle, Inc., 40 Hermon St., 
Newark, N. J. (See page 20.) 

Instrument Resistors, Inc., 25 Amity St., 
Little Falls, N. J. 

International Resistance Co., 401 N. Broad 
St.. Philadelphia, Pa. (See Page 93.) 

Ohmite Mfg. Co., 4835 W. Flournoy St., 
Chicago, Ill. (See page 39.) 

SlutHero» Mfg. Co., 10 Jackson Ave., Col-
lingdale, Pa. (See page 6.) 

Ward Leonard Electric Co.. 31 South St., 
%fount Vernon. N. Y. (See page 34.) 

PRECISION RESISTORS 
Cambridge Instrument Co., Grand Central 

Terminal, New York, N. Y. 
Cinema Engineering Co., 1508 S. Verdugo 

Ave., Burbank, Cal. 
Continental Carbon, Inc., 13900 Lorain 

Ave., Cleveland, Ohio 
Cutler-Hammer, Inc., 1401 W. St. Paul 

Ave.. Milwaukee, Wis. 
General Electric Co., Schenectady, N. Y. 
General Radio Co., 30 State St., Cam-

bridge, Mass. 
Gray Instrument Co., 64 W. Johnson St., 

(Germantown) Philadelphia, Pa. 
Instrument Resistors Co., Little Falls, 

N. J. 
International Resistance Co., 401 N. Broad 

St., Philadelphia, Pa. (See Page ILL) 
Leeds & Northrup Co., 4970 Stenton Ave., 

Philadelphia, Pa. 
Meter Devices Co., 1001 Prospect Ave., 

S. W., Canton. Ohio 
Rubicon Co., 3751 Ridge Ave., Philadel-

phia, Pa, 
SlutDermot Mfg. Co., 10 Jackson Ave., Col-

lingdale, Pa. (See Page 6.) 
‘Vestinghouse Electric & Mfg. Co., East 

l'ittsburgh, Pa. 

WIRE WOUND RESISTORS 
Aerovox Corp., 740 Belleville Ave., New 

Bedford, Mass. 
Beck Bros., 421 Sedgley Are., I 'h la del-

phia, Pa. 
Biddle Co., James G., 1213 Arch St., Phila-

delphia, Pa. 
Cinema Engineering Co., 1508 S. Verdugo 

Ave., Burbank, Cal. 
Clarostat Mfg. Co., 28% N. Sixth St.. 

Brooklyn, N. Y. (See page 136.) 
Continental Carbon, Inc.. 13900 Lorain 

Ave., Cleveland, Ohio 
Cutler-Hammer, Inc., 1401 W. St. Paul 

Ave., Milwaukee, Wis. 
Daven Co., 158 Summit St.. Newark, N. J. 
General Radio Co.. 30 State St., Cam-

bridge, Mass. 
Gray Instrument Co., 64 W. Johnson Bt., 

(Germatit"wn ) Philadelphia. l'a. 
Hardwick, Hindle. Inc.. 10 Hermon St., 

Newark. N. J. (See page 20.) 
Instrument Resistors. 21 Amity St., 

Little Falls. N. J. (See page 14.) 
International Resistance Co.. 401 N. Broad 

St., Philadelphia, Pa. (See page 93.) 
Lectrolim, Inc., 5133 W. 25th Pl., (Cicero) 

Chicago, Ill. (See page 181.) 
Leeds & Northrup Co., 4970 Stenton Ave., 

Philadelphia, Pa. 
Micamold Radio Corp., 1087 Flushing Ave., 

Brooklyn, N. Y. 
Muter Co., 1255 S. Michigan Ave., Chi-

cago, Ill. 
National Electric Controller Co., 5303 Ra-

venswood Ave., Chicago, III. 
Ohio Carbon Co., 12508 Berea Rd., Cleve-

land, Ohio 
Ohmite itg. Co.. 4835 W. Flourttoy St., 

Chicago, Ill. (See page 39.) 
Philco Radio & Television Corp., Tioga & 

C Sts., Philadelphia, Pa. 
Rex Rheostat Co., 3 Foxhurst Rd., Bald-

win, N. Y. 
Shallcross Mfg. Co., 10 Jackson Ave., Col-

lingdale, Pa. 
Triplett Electrical Instrument Co., 286 

Harmon Rd., Bluffton, Ohio 
Utah Radio Products Co., 820 Orleans St., 

Chicago, Ill. 
Ward Leonard Electric Co., 31 South St., 

Mount Vernon, N. Y. (See page 34.) 
White Dental Mfg. Co., S. S., 10 E. 40th 

St., New York, N. Y. (See page 170.) 
Wirt Co., 5221 Greene St., Philadelphia. 

Pa. 

Rheostats 
SLIDE WIRE RHEOSTATS 

Beck Bros., 421 Sedgley Ave., Philadel-
phia. Pa. 

ELECTRONICS — June 1942 

(Parts. Accessories and Materials) 

Biddle Co., James O., 1213 Arch St., 
Philadelphia, Pa. (See page 185.) 

Central Scientific Co., 1700 Irving Park 
Blvd., Chicago, Ill. 

Chicago Apparatus Co., 1736 N. Ashland 
Ave., Chicago, Ill. 

General Radio Co., 30 State St., Cam-
bridge, Mass. 

G-M Laboratories, Inc., 4313 N. Knox 
Ave., Chicago, Ill. 

Hardwick, Hindle, Inc., 40 Hermon St., 
Newark, N. J. 

Leeds & Northrup Co., 4970 Stenton Ave.. 
Philadelphia, Pa. 

National Electric Controller Co.. 5307 Ra-
venswood Ave., Chicago, Ill. 

Rex Rheostat Co., 3 Foxhurst Rd., Bald-
win, N. Y. 

Shallcross Mfg. Co., 10 Jackson Ave., Col-
lingdale, Pa. 

Ward Leonard Electric Co., 31 South St., 
Mount Ver eeeee t. N. 1'. (See page 34.) 

VARIABLE RESISTORS 
.‘erovox Corp., 740 Belleville Ave., New 

Bedford, Mass. 
Allen-Bradley Co., 136 W. Greenfield Ave.. 

Milwaukee, Wis. 
American Instrument Co., 8010 Georgia 

Ave., Silver Spring, Md. 
Atlas Resistor Co., 423 Broome St.. New 

York, N. Y. 
Beck Bros., 421 Sedgley Ave.. Philadel-

phia, Pa. 
Diddle Co., James G., 1213 Arch St., Phil-

adelphia, Pa. 
Centralab, 900 E. Keefe Ave., Milwaukee, 

Wis. 
Central Scientific Co., 1700 Irving Park 

Blvd., Chicago, III. 
Chicago Apparatus CO., 1735 N. Ashland 

Ave., Chicago, Ill. 
Chicago Telephone Supply Co., 1142 W. 

Beardsley Ave., Elkhart, Ind. 
Cinema Engineering Co., 1508 S. Verdugo 

Ave., Burbank, Cal. 
Clarostat Mfg. Co., 285 N. 6th St., Brook-

lyn, N. Y. 
Consolidated Wire & Associated Corps.. 

Peoria & Harrison Sts., Chicago, Ill. 
Continental Carbon, Inc., 13900 Lorain 

Ave., Cleveland, Ohio 
Cutler-Hammer, Inc., 1401 W. St. Paul 

Ave., Milwaukee, Wis. 
Delis, Amoco Corp., 6 Bridge St., Shelton, 

Conn. (See page 128 ) 
Eastern Specialty Co., 3619 N. Eighth St., 

Philadelphia, Pa. 
Electro Motive Mfg. Co., Willimantic, 

Conn. 
General Electric Co., Schenectady, N. Y. 
General Radio Co., 30 State St., Cam-

bridge, Mass. 
G-M Laboratories, Inc., 4313 N. Knox 

Ave., Chicago, Ill. 
Gray Instrument Co., 64% W. Johnson 

St., Philadelphia. Pa. 
Hardwick, Hindle, Inc., 40 Hermon St., 

Newark, N. J. 
Instrument Resistors, Inc., 25 Amity St.. 

Little Falls, N. J. 
International Resistance Co., 401 N. Broad 

St., Philadelphia, Pa. (See page 93.) 
Le Carbone, Inc., Myrtle Ave., Boonton, 

N. J. 
Lectrohm, Inc., 6133 W. 25th Pl. (Cicero) 

Chicago, Ill. 
Leeds & Northrup Co., 4970 Stenton Ave.. 

Philadelphia, Pa. 
Mallory & Co., P. R., 3029 E. Washington 

St., Indianapolis, Ind. 
National Carbon Co., 30 E. 42 St., New 

York, N. Y. 
National Electric Controller Co., 5305 

Ravenswood Ave., Chicago, Ill. 
National Technical Laboratories, 820 

Mission St., South Pasadena. Cal. 
Ohio Carbon Co., 12608 Berea Rd., Cleve-

land. Ohio 
Ohmite Mfg. Co, 4835 W. Flournoy St., 

Chicago, Ill. (See page 39.) 
Philco Radio & Television Corp., Tioga & 

C Sts., Philadelphia. Pa. 
Precision Resistor Co., 334 Badger Ave.. 

Newark, N. J. 
Rex Rheostat Co., 3 Foxhurst Rd., Bald-

win, N. Y. 
Shallcross Mfg. Co., 10 Jackson Ave.. Col-

lingda le, Pa. 
Speer Carbon Co., St. Marys, Pa. 
Stackpole Carbon Co., Tannery St., St. 

Marys, Pa. 
Utah Radio Products Co.. 820 Orleans St.. 

Chicago, Ill. 
Ward Leonard Electric Co.. 31 South St., 

Mount Vernon. N. Y. 
Welch Mfg. Co., W. M., 1515 Sedgwick St., 

Chicago, Ill. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh. Pa. 

Wirt Co., 5221 Greene St., Philadelphia, 
Pa. 

Rivets  
American Brass Co., Waterbury. Conn. 
Atlas Tack Corp., Pleasant St., Fairhaven, 

Mass. 
Blake & Johnson Co., 1495 Thomaston 

Ave., Waterville. Conn. 
Chicago Rivet & Machine Co., 1830 S. 54th 

Ave., (Cicero), Chicago, Ill. 
Clark Bros. Bolt Co., Milldale, Conn. 
Clendenin Bros., 108 South St., Baltimore, 

Md. 
Cobb & Drew, Kingston St., Plymouth, 

H. M., 2630 Fletcher St., Chi-
cago, Ill. 

Hassall, Inc., John, 402 Oakland St., 
Brooklyn, N. Y. 

Industrial Screw & Supply Co., 711 W. 
Lake St., Chicago, Ill. 

Lamson & Sessions Co., 1971 W. 85th St.. 
Cleveland, Ohio 

Manufacturer's Belt Hook Co., 1321 W. 
Congress St., Chicago, Ill. 

Manufacturers Screw Products, 215 W. 
Hubbard St., Chicago. Ill. 

Milton Mfg. Co., Milton, Pa. 
New England S'crew Co.. 109 Emerald 

St., Keene, N. H. 
Pheoll Mfg. Co., 5700 Roosevelt Rd.. Chi-

cago, Ill. 
Pittsburgh Screw & Bolt Corn., 2719 

Prebie Ave., N. S., Pittsburgh. Pa. 
Plume & Atwood Mfg. Co., 470 Bank St, 

Waterbury, Conn. 
Progressive Mfg. Co., 52 Norwood St.. 

Torrington, Conn. 
Reed & Prince Mfg. Co.. Duncan Ave.. 

Worcester, Mass. 
Rockford Bolt & Steel Co.. 126 Mill St., 

Rockford, Ill. 
Scovill Mfg. Co., 99 Mill St., Waterbury. 

Conn. 
Sterling Bolt CO., 707 W. Van Buren Bt., 

Chicago, Ill. 
Stimpson Co., Edwin B.. 74 Franklin A ye., 

Brooklyn, N. Y. 
Tubular Rivet & Stud Co., Wollaston, 

Mass. 

Scales  
DIAL SCALES 

see also Dials 
also Escutcheons 

American Emblem Co., Utica, N. Y. 
Austin Co., 0., 42 Greene St., New York, 

N. Y. 
Bud Radio, Inc., 2118 E. 55th St., Cleve-

land, Ohio 
Crowe Name Plate & Mfg. Co., 3701 

Ravenswood Ave., Chicago, Ill. 
The Emeloid Co., Inc., 287 Laurel Ave., 

Arlington, N. J. 
Gemlold Corp., 79-10 Albion Ave., Elm-

hurst, N. Y. 
Grammes & Sons, Inc., L. F., 366 Union 

St., Allentown, Pa. 
Insuline Corp. of America. 30-30 North-

ern Blvd., Long Island City, N. Y. 
Mallory & Co., P. R. 3029 E. Washington 

St., Indianapolis, Ind. • 
New England Radiocrafters, 1156 Com-

monwealth Ave., Brookline, Mass. 
Parisian Novelty Co., Western Ave. at 

35th St., Chicago, Ill. 

Screws  
MACHINE SCREWS 

American Screw Co., 21 Stevens St., Provi-
dence, R. I. 

Atlas Bolt & Screw Co., 1144 Ivanhoe Rd., 
Cleveland, Ohio 

Blake & Johnson Co., 1495 Thomaston 
Ave., Waterville, Conn. 

Central Screw Co., 3511 Shields Ave., Chi-
cago, Ill. 

Chandler Products Corp., 1475 Chardon 
Rd., Cleveland, Ohio 

Clark Bros. Bolt Co., Milldale, Conn. 
Continental Screw Co., New Bedford, 

Mass. 
Corbin Screw Corp., High, Myrtle & Grove 

Sts., New B'ritain, Conn. 
Eagle Lock Co., Terryville, Conn. 
Economy Screw Corp., 2717 Greenview 

Ave., Chicago, Ill. 
Elco Tool & Screw Corp., 1800 Broadway, 

Rockford, Ill. 
Ferry Screw Products, Inc., F.. W., 8219 

Almira Ave.. Cleveland, Ohio 
Federal Screw Products Co., 26 S. Jef-

ferson St., Chicago, Ill. 
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cials there believe the division is well positioned to cash in on C-MOS 
and n-channel MOS. They estimate that the two technologies will ac-
count for industry-wide sales of about $600 million and $800 million, 
respectively, by 1979. 

Radiant's commercial 

electron-beam 

system sold 

Russia to buy 

calculator chips 

Mini controls 

Bay Bridge 

traffic lights 

A dedicated commercial electron-beam micro-fabrication system re-
portedly has been sold by Radiant Energy Systems to Honeywell's cor-
porate research group, but neither firm will confirm the sale. Radiant 
has been developing such systems under military contract, and has 
been shopping for customers in the commercial semiconductor busi-
ness. Early versions of the machine incorporated a scanning electron 
microscope, whose beam was directed by a minicomputer to "write" 
images on a wafer. 
The system sold to Honeywell, say industry sources, is apparently the 

model 600, an electron-beam pattern-generator with computer-aided 
design system for exposing sensitized substrates. It permits pattern edit-
ing as well as initial assembling. The system permits line width resolu-
tion as high as 0.2 micrometer. This is the major selling point for the 
electron-beam systems due to the extreme tolerance requirements of 
microwave and picosecond logic ICs, and surface-wave and integrated 
optical devices. 

Electronic Arrays Inc. will market calculator chips to Russia and East-
ern European countries through the California International Trade 
Corp., a specialist in trade with the Communist nations. Russian-born 
Rafael Gregorian, president of California Trade, says Soviet trade and 
technology officials have shown more interest in calculator components 
than in complete machines. 

Traffic experts in metropolitan areas across the country are watching 
closely the new minicomputer-controlled traffic patterns on the Oak-
land-San Francisco Bay Bridge. The system went into operation this 
month. A Data General Nova 1210 minicomputer has been installed at 
the Bay Bridge toll plaza to meter the rate of traffic on the midsection 
of the bridge, and to switch the traffic signals at the toll plaza at 4 to 10 
seconds. The computer, which has an 8,192-word memory, uses mag-
netometers in the middle of the bridge to record traffic volume, and 
employs wire loops at the stop signs that determine the rate at which 
cars should be released from the stop bars to allow optimum traffic 
flow. 
The project, says Scott MacCalden, senior engineer of highway oper-

ations for the local district of the state Department of Transportation, 
will "allow a more efficient flow of traffic, and means safer merging" 
from the 15 lanes in front of the bridge entrance into the five lanes on 
the bridge. In addition, he says, emergency vehicles can be sped on 
their way by being routed through traffic if necessary. Total installation 
costs were $350,000. 
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—M r INDUSTRIAL 
POWER SWITCHING 
TRANSISTORS 

100 ways to get more 
switching performance 

for your money 

Unitrode's UPT Power Switching Transistor series offers 
the optimum combinations of price and performance from 
0.5A to 20A, and up to 400V in 3 package types. Choose 
from 100 different transistor types for more efficient and 
simplified circuit design in power supplies, switching 
regulators, inverters, converters, solenoids, stepper motors 
and other inductive load driving applications. They're 
available off-the-shelf from your local Unitrode distributor 
or representative. 

For the name of your nearest Unitrode representative 
dial (800) 645-9200 toll free, or in New York State 
(516) 294-0990 collect. For specific data sheets, containing 
full characteristics of devices, check the appropriate 
reader service numbers listed in this ad. Unitrode 
Corporation, Dept. 26Y, 580 Pleasant Street, Watertown, 
Mass. 02172. (617) 926-0404. 

Reader 
Service 

No. IC Vag 
SERIES/ 
PACKAGE ton 

100 Oty. 
!off pdees each 

102 
0.5ADC up to 400V UPT011 -T05 

UPT021 -1066 5Ons 400ns $1.07 to 
2.42 

1ADC up to 150V UPT111 -T05 
UPT121 -T066 100ns 250ns 0.87 to 

1.95 

103 
2ADC 

up to 150V UPT211 -T05 
UPT221 -T066 

130ns 300ns 1.13 to 
2.54 

up to 400V UPT311 105 
UPT321 -T066 

20Ons 80Ons 1.31 to 
2.87 

3ADC up to 400V UPT521 -1066 200ns 900ns 2.42 to 
UPT531 -T03 3.99 

104 

5ADC 
up to 150V UPT611 -T05 

UPT621 -1066 
250ns 550ns 1.31 to 

2.86 

up to 400V 
UPT721 1'066 
UPT731 403 250ns 800ns 3.73 to 

5.70 

IOADC 
up to 150V 

UPT821 -1066 
UPT831 -103 25Ons 550ns 3.30 to 

5.30 

up to 400V UPT931 -T03 50005 120Ons 8.05 to 
14.62 

105 
15ADC up to 150V UPT1021 -1066 

UPT1031 -103 45Ons 350ns 3.87 to 
6.23 

20ADC up to 150V UPT1131 -103 300ns 600ns 4.75 to 
7.26 

See EEM Section 4800 and EBG Semiconductors Section for more complete product listing. 

UNITRODE quality takes the worry out of paying less. 
Unitrode Sales Representatives: ALA., Huntsville, 20TH CENTURY MARKETING INC. (205) 772-9237; ARIZ., Scottsdale, FRED BOARD, ASSOC. (602) 994-9388; CAL, Burlingame, 
BROOKS TECHNICAL GROUP (415) 347-5411, Escondido, CIROLIA ELECTRONIC SALES, INC. (714) 743-3015, Sherman Oaks, UNITRODE CORP. (213) 783-1301; COL, Littleton, SIMPSON AS-
SOC., INC. (303) 794-8381; CONN., Hamden, COMPAR NEW ENGLAND (203) 288-9276; FLA., Boca Raton, CONLEY & ASSOC. INC. (305) 395-6108, Oviedo, CONLEY & ASSOC. INC. (305) 365-
3283, Tampa, CONLEY & ASSOC. INC. (813) 933-3183; ILL, Chicago, CARLSON ELECTRONIC SALES CO. (312) 774-9022; MD., Baltimore, DANIEL & COMPANY (301) 825-3330; MASS., 
Reading, KANAN ASSOC. (617) 944-8484; MICH., Detroit, RATHSBURG ASSOCIATES, INC. (313) 882-1717; MINN., Minneapolis, CHARLES E BOHLIG CO. (612) 922-7011; MO., St. Louis, 
CARLSON ELECTRONIC SALES CO. (314) 991-0262; N.Y., Clifton, NJ., COMPAR NEW YORK, INC. (201) 546-3660, Albany, COMPAR ALBANY, INC. (518) 489-7408, Endwell, COMPAR AL-
BANY, INC. (607) 723-8743, Fairport, COMPAR ALBANY, INC. (716) 271-2230, Liverpool, COMPAR ALBANY, INC. (315) 471-3356; N.C., Burlington, P. J. NAHSF.R, INC. (919) 226-8053; OHIO, 
Cincinnati, BAEHR, GREENLEAF & ASSOC., INC. (513) 891-3826, Cleveland, BAEHR, GREENLEAF & ASSOC., INC. (216) 221-9030, Columbus, BAEHR, GREENLEAF & ASSOC., INC. (614) 486-
4046, Dayton, BAEHR, GREENLEAF & ASSOC., INC. (513) 426-5485; PENN., Willow Grove, DANIEL & COMPANY (215) 674-3850, Pittsburgh, COVERT & NEWMAN CO. (412) 563-0303; TEL, 
Houston, SEMICONDUCTOR SALES ASSOC. (713) 461-4197, Richardson, SEMICONDUCTOR SALES ASSOC. (214) 231-6181; UTAH, Salt Lake City, SIMPSON ASSOC., INC. (801) 486-3731; 
WASH., Bellevue, N.E.M.C.O. (206) 747-6863; CANADA, Downsview, Ontario, KAYTRONICS LTD. (416) 638-5511, Montreal 267, Quebec, KAYTRONICS LTD. (514) 487-3434. 



When you've made static card readers for as 
long as we have, you've learned how to tailor 
them to your customer's specific needs. 
For 16 years we've been a static card reader specialist. 

Since we're an electronics company, we understand the 
electrical and mechanical aspects of card readers. 
Our 22 tab and 80 column card readers are known for 

their rugged reliability and accuracy. We owe that to the 
multistrand continuous brush design. This design elimi-

nates reading errors caused by contaminants on the 
card or misalignment. Cards are locked into place 

and released only when the scan is completed. 
You can select from a variety of electronic 
packages to interface the reader to your 
system. There are packages like TTL-com-
patible scanners with two operating 
modes, sequential scanning and addres-
sable by column number. 
Many of our competitors do not want 

to be bothered with the reader modi-
fications customers ask for. Not us. 
This is one of the major advantages of 
specifying a Hickok static card reader. 
In the sixty years we've been in the 
electronics business, we've learned 
how to work closely with our cus-

tomers. We have years of experience in 
tailoring our card readers to meet our 
customer's specific needs. 
Put our 16 years of card reader experi-

ence to work on your data input and col-
lection problems. Find out how we can 
solve your card reader problems. Call 

our application engineers today. 

HICKOK 
the value innovator 

Instrumentation & Controls Division 
The Hickok Electrical Instrument Co. 

10514 Dupont Avenue—Cleveland, Ohio 44108 
(216) 541-8060 —TWX : 810-421-8286 

Circle 28 on reader service card 



Electronics review 
Significant developments in technology and business 

CCD imager achieves 
full TV resolution 
for the first time 
Once developmental work 

is done, RCA's CCD will 

be ready to take on 

new imaging roles 

Another benchmark in solid-state 
imaging technology has been 
notched by the development of a 
charge-coupled-device imager ca-
pable of full 525-line TV resolution— 
the level considered critical if such 
devices are to penetrate into many 
commercial applications. 
The achievement belongs to 

RCA's Electro-Products division in 
Lancaster, Pa. The CCD has four 
times the resolution of any previ-
ously disclosed CCD imager, includ-
ing the 250-line device that Bell 
Laboratories, Holmdel, N.J., de-
signed primarily for its Picture-
phone [Electronics, Feb. 21, p. 29]. 
The RCA division has built the 

new device into a black-and-white 
camera the size of a cigarette pack. 
So far, only the developmental stage 
has been reached, and no produc-
tion plans have been formulated. 
The camera, which has a C-mount 
for lens interchangeability, has a 
bandwidth of 3 megahertz and a 
video data rate of 6 MHz. The video 
picture the camera produces on a 
standard TV monitor, says Robert L. 
Rodgers III, manager of the vidicon 
products group, is "for all practical 
purposes indistinguishable from one 
produced by a commercial vidicon 
tube." 
He adds that the camera can also 

generate the full resolution of 
broadcast color receivers and tape 
recorders. It is not suitable for stu-
dio-quality broadcasting, though, 

because even greater resolution is 
demanded there than can be dis-
played by commercial television 
sets. 

However, its small size and low-
power requirements make it an at-
tractive alternative for many other 
types of 525-line Tv applications— 
Rodgers suggests closed-circuit Tv, 
some types of CATV programing, 
news and sports field cameras, in-
dustrial vidicons, medical and 
educational cameras, and military 
and surveillance systems. 
The 512-by-320 element area ar-

ray, built with RCA's three-phase 
silicon-gate-type CCD imaging tech-
nology, is contained on a 500-by-
750-mil superchip. It is laid out in 
the standard three-section format: a 
256-by-320-element image area, a 
256-by-320-element storage area, 
and a 320-stage output register, 
which shifts the video signals out at 
the 6-MHz rate. This register con-
tains the clock inputs and pream-
plifier-output devices. 
The image section is interlaced on 

alternate fields to generate the re-
quired 512-by-320 picture element 
per frame. In actual use, however, 
only 486 lines (243 per field) are dis-
played, leaving the extra elements 
for varying the system's blanking 
and timing to avoid nonuniformities 
at the picture edges. 
Charge transfer. A unique feature 

of the RCA imager is its on-chip 
video-processing and detection 
scheme. As in all charge-coupled 
imaging devices, the charge signal is 
passed along without touching a dif-
fusion on the chip until it is ex-
tracted at the output. In this setup, 
the charge detector is a diffusion 
with a floating potential, which is re-
set to a fixed potential once during 

Vidicon replacement? Maybe. The image 

on the screen comes from a 525-line CCD 

camera. The diagram shows the detection 

scheme for RCA's CCD, featuring a floating 

diffusion detector, which senses voltage 

changes at corresponding nodes. 

GATE o—I 

FLOATING 
DIFFUSION 

—1.-
CCO 
SIGNAL 

DRAIN 

RESET-
TRANSISTOR 

SUBSTRATE 

DRAIN 

SAMPLING 
TRANSISTOR 

SOURCE 

EXTERNAL 
LOAD 
RESISTOR 

7i VIDEO 
OUTPUT 
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each clock period by a reset transis-
tor. 
Each charge packet, on reaching 

the floating diffusion, changes the 
voltage on the node's capacity. This 
voltage is then sampled by a transis-
tor operating as a source follower. 
The very low node capacity of the 
floating diffusion results in a big im-
provement in signal-to-noise ratio 
over conventional silicon vidicons 
operating at the same light level—at 
normal signal levels, no noise at all 
is visible in a picture generated by 
the imager. 

Consumer electronics 

Interactive TV can 

teach and play 

As the price of gasoline rises, many 
a motorist may soon prefer to do his 
Sunday driving on his television 
screen, using an interactive terminal 
and programs from Telattach Corp. 
It's one of two interactive terminals 
coming from the two-year-old firm 
in Chevy Chase, Md. 

But it looks as though the racing 
toy will be the first product off the 
starting line. The TelaRacing termi-
nal consists of a wheel and dash-
board connected by cable to a toy 
racing car mounted on a frame that 
is attached by suction cups to a TV 
screen. The programs, now being 
promoted among cable-Tv oper-
ators, consist of 20 half-hour shows 
on race-driving, complete with 
sound effects. 
The viewer attempts to steer 

around the course appearing on the 

screen, but if the toy car passes over 
an obstacle, a sensor under the car 
sets off a buzzer, and a skill recorder 
reduces the driver's score kept on a 
tally wheel to the right of the "dash-
board." This racer set will sell for 
$24.95 when in full production. 

Blinking. The firm's other inter-
active terminal will cost $375 and 
can be used by one student or a 
group. Each terminal has a 64-
square board with a light under 
each square. A photocell, stuck by a 
suction cup to a corner of the TV 
screen, reads coded blinks coming 
from a video program, which may 
be either taped or live. Inside the 
terminal a simple digital hybrid as-
sembly decodes the on-off time of 
the blinks. 
The teacher viewed on the screen 

may turn on any of the squares of 
light under the student's panel, and 
the student responds to a question 
by pressing a square. If the square 
lights up, the answer is correct. 
Templates of different shapes may 
be laid over the light panel of the 
terminal to aid in teaching various 
courses, ranging from pre-school 
recognition of shapes to electronics 
technology. 
According to John Robinson, 

president of Telattach, the design 
objectives of the system were ease of 
programing and compatibility with 
any television receiver. He chose the 
64-square light panel to make it 
possible to teach chess, but less ex-
pensive terminals using fewer lights 
and switches will be available. 
To program the video portion, the 

firm had to develop a code gener-
ator to insert the light spot on the TV 
screen. Essentially, the generator 
supplies the on-off intervals used by 

Take a drive. The TelaRacing terminal is readily adapted to any television monitor. 

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

the digital decoder to turn the panel 
lights on and off. In an audio ver-
sion of the terminal, the code gener-
ator is used to program one channel 
of stereo tape with 400-hertz tones 
that trigger the lights. The Air Force 
is presently evaluating the audio 
training system, and other military 
agencies are trying out the video ter-
minals. 

Schools, hospitals, and industrial 
manufacturers are also looking over 
the Telattach terminals. 

Ohio gets big, cheap 

2-way CAN system 

Although experimental installations 
have proven that two-way TV is 
technically feasible, perhaps the 
stumbling block to its development 
has been the high cost of workable 
home terminals. But now Coaxial 
Communications Inc., Sarasota, 
Fla., which has the franchise to in-
stall CATV lines to some 60,000 
homes in Columbus, Ohio, is plan-
ning to wire the first 10,000 to 
15,000 subscriber sets on a com-
pletely bidirectional hookup using 
only slightly modified standard 
CATV converters. 
The modified converters turn l'y 

receivers into two-way terminals, 
sensing if the set is on, what channel 
is tuned, if a pay TV security key 
is activated, and if the converter 
is operating properly. It also com-
municates this information to a mini-
computer used to poll the status of 
home TV sets. 
These units will be a quarter the 

price of home terminals presently 
designed for two-way cable. The 
cost savings result from Coaxial 
Communications' system, which 
groups 100 to 200 homes on a time-
and frequency-division-multiplexed 
network. In previous bidirectional 
layouts, each home terminal re-
quired a signal-processing module 
and transmitter. Coaxial Communi-
cations will use the system for pay-
TV, but other uses include teaching, 
meter reading, polling, security 
alarms, and supplying special infor-
mation on demand. 
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A minicomputer at the operator's 
central station (head end) polls ter-
minal amplifiers controlling the 
groups of homes, rather than indi-
vidual iv receivers. This arrange-
ment also makes it possible to 
"open" only a small percentage of 
the return lines at any one time, lim-
iting the amount of interference and 
noise that can penetrate the net. 
The company has been conduct-

ing experimental pay-Tv services 
with over 900 subscribers to test the 
hardware and get customers' reac-
tions. In the present setup, a modi-
fied General Automation mini-
computer polls the group terminal 
amplifiers every three to five min-
utes. It records what channel is 
being watched and, if it is the pay-
TV channel, bills the subscriber 
$1.50 to $2.50 per movie. 

Polling and paying. The set-top 
converters—Oak Industries Inc.'s 
Gamut-26 units—are ordered with 
modest additions: a digital encoder 
chip, which encodes the channel po-
sition of the tuner shaft, and an ex-
tra power supply. To this, Coaxial 
Communications adds an assembly 
of four ics and about 20 discrete 
components. The total cost of the 
home unit is about $60. 

Before being given the pay-Tv 
service, subscribers sign agreements 
allowing the operator to monitor 
their viewing habits for billing pur-
poses. The cable operator agrees not 
to reveal to any outside party the 
viewing records of the subscribers 
by name. Since the pay-Tv plan 
only uses about half of the bit ca-
pacity of the $60 modified terminal, 
the CATV firm intends to offer other 
two-way services in partnership with 
other software companies. 

Clothes dryer uses 

MOS control chip 

An mos control chip has been de-
signed into a second major house-
hold appliance. Sears' new Lady 
Kenmore model, which is made by 
Whirlpool, is the first automatic 
clothes dryer to use an mos chip for 
timing and logic control. That chip 

and a solid-state moisture sensor for 
controlling the drying cycle are 
made by American Microsystems 
Inc., Santa Clara, Calif.—the com-
pany that had earlier developed the 
mos chip for Frigidaire's sophis-
ticated touch-control range [Elec-
tronics, Feb. 1, 1973 p. 44]. 

AMI'S solid-state controls not only 
offer additional features, but are 
also expected to be more reliable 
and will be comparable in cost to 
the complex electromechanical con-
trols needed for expensive appli-
ances. The latter point is a pivotal 
one for consumer-product manufac-
turers, most of whom are reluctant 
to pay much more for an electronic 
part than for the electro mechanical 
unit it replaces. 
Wet feet. While Sears is a pioneer 

in incorporating microelectronic 
controls into appliances, according 
to Jim Meyer, manager of custom 
product marketing at AMI, there is a 
lot of interest at other companies, as 
well. "They all want to get their feet 
wet, but they don't want to drown." 
says Meyer. 
The Sears/Whirlpool dryer uses a 

relatively conventional high-thres-
hold metal-gate p-mos part that 
measures less than 120 mils on a 
side. The drying cycle is relatively 
complex. It includes a drying pe-
riod, the length of which depends on 
the moisture sensor. There is also a 
panel control for different types of 
clothes—to allow for drying the 
thick seams in jeans, for example, 
which otherwise might remain wet 
even when the surface is dry. 
The electronically controlled 

dryer also has a cool-down cycle, 
and the popular anti-wrinkle fea-
ture. For this, a buzzer sounds and 
the drum tumbles occasionally if the 
clothes aren't removed. This alarm 
will continue for up to 21/2 hours. 
The circuit operates from a zener-

regulated 27-volt, 30-milliampere 
supply. The 60-hertz clock is de-
rived directly from the power line 
through a very large resistor, and is 
protected against transient peaks to 
1,000 v. Extensive signal condi-
tioning is required because of the 
electrically noisy environment. 
The mos chip operates relays that 

drive the heating coils and the mo-

MOS pervades appliances. Beneath that 

dryer lies it MOS controls from AMI. 

tors for the drum and fan. Transis-
tor buffers actually drive the relays. 
The chip is housed in 16-pin ce-
ramic packages, but AMI expects 
plastic to be used eventually and is 
testing plastic-encapsulated units. 
AMI credits Whirlpool for an ex-

cellent job of defining the logic re-
quired. Says Meyer: "In a custom 
job like this one, the better prepared 
the customer is, the smoother the 
development." 

Navigation 

Two-system plan 

charts new market 

The Coast Guard and the White 
House Office of Telecommunications 
policy have at last agreed on two 
navigation systems to cover U.S. 
coastal waters. These will be loran C 
for coastal and river coverage and 
Omega for ocean navigation [Elec-
tronics, April 26, 1973, p. 49]. The 
systems would supplant loran A for 
coastal regions, and prevent further 
proliferation of competing systems. 
The Government has, in effect, 

pledged support for operation of 
loran C and Omega for at least 10 
years until commercial satellite-
based systems come into being. The 
result is that the plan: 
• Solidifies new navigation-equip-
ment markets as maritime users in-
stall necessary gear to use the ser-
vices. 
• Becomes the first phase of an im-
pending national navigation plan 
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for land, sea, and air users, for 
which the White House Office of 
Telecommunications Policy is ex-
pected to issue the first Govern-
ment-coordinated outline this fall. 
• Signals the start of a $115 million 
effort by the Coast Guard to build 
new loran-C chains of transmitting 
stations and upgrade existing ones, 
if Congress approves. 
• Sets up possible future confronta-
tions among competing interests 
over whether the airlines' system 
and foreign-flagship owners might 
be required to add loran-C equip-
ment before they may enter U.S. 
ports. Both now use loran A. 
• Augurs eventual establishment of 
a civil maritime communications 
service, like the Federal Aviation 
Administration, and most likely op-
erated by the Coast Guard. 
The last point is a touchy issue 

because it raises the specter of user 
charges to support such an agency. 
But Government officials point out 
that existing maritime systems were 
set up for Government use and 
question whether or not the Gov-
ernment should be operating com-
mercial systems. 

DOT, mainly the Coast Guard, 
wanted loran-C for coastal coverage 
[Electronics, Dec. 18, 1972, p. 36], 
and the Office of Telecommu-
nication Policy, working through the 
White House office of Management 
and Budget, had shown preference 

Components 

for Omega, while pushing for only 
two systems to cut down prolifera-
tion. The Department of Trans-
portation apparently asserted itself, 
however. In the agreement, the 
Coast Guard got loran C, but it had 
to give up • a third system to cover 
navigable rivers and harbors. Thus, 
the development contracts for the 
Rivers and Harbors Navigation Sys-
tem will be terminated with RCA 
and Tracor, a Coast Guard official 
says. Loran C serves this need. 

Phase in and out. Once Congress 
approves the budget, loran-A users 
would be given five years to phase 
out, in addition to a two-year over-
lap before having to use loran C. 
This mostly would affect about 
54,000 commercial vessels of more 
than five tons, of which 19,350 are 
fishing craft. Typical prices for lo-
ran-C and Omega receivers run 
about $3,000 each, although dual 
receivers are being developed. The 
Coast Guard plans to spend $17 
million in fiscal 1975 to start build-
ing a new loran-C chain of five sta-
tions on the West Coast, followed by 
new chains in the Gulf Coast and 
the Gulf of Alaska in fiscal 1976. 
The national plan identifies those 

systems that the U.S. is prepared to 
support, says Charles Joyce, assist-
ant director of the Office of Tele-
communication Policy. Users buy 
other systems at their own risk, he 
says. 

Analog switch makes 

a telephone connection 

A new analog switch from Siliconix 
Inc. could be an ideal solid-state 
switch for telephone systems. The 
monolithic array of four double-
pole, single-throw switches, consist-
ing of logic, four c-mos drivers, and 
eight n-channel junction field-effect 
transistors, is expected by the com-
pany to replace the silicon-con-
trolled rectifier even before the SCR 
has replaced the mechanical cross-
bar switch in phone matrixes. 
The SCR has a number of draw-

backs as a solid-state switch: it 
needs several milliamperes of hold-
ing current to stay on; being band-
width-limited, it can't be used for 
multiplexing voice transmissions or 
sending digital data at high rates; 
and its high capacitance makes it 
susceptible to "feedthrough"—those 
other voices, 60 decibels down, that 
filter through "oft" switches and 
onto the phone line. 
The JFET, however, being a bulk, 

rather than a surface device, has 

high carrier mobility and low ca-
pacitance, low feedthrough, and low 
on-resistance per unit area. 
The Santa Clara, Calif., firm has 

made JFET switches, with a variety 
of drivers, since its beginnings in the 
early 1960s. Later it began adding 
logic and drivers to the FETs and 
selling hybrid analog switches 
driven by bipolar and p-channel 
mos transistors. In this array, the C-
MOS driver, according to Lorimer 
Hill, who headed the Siliconix de-
sign team, eliminates the power 
drainage that characterized earlier 
drive circuits. 

Connects. The FET needs a con-
nection between gate and source to 
stay on, and a connection between 
gate and negative supply to stay off. 
Resistors, though the simplest way 
to connect gate and source, will pull 
current in either state and, in addi-
tion, load the analog voltage. Bipo-
lar transistors require base current, 
unlike mos devices. In the Siliconix 
array, therefore, a p-channel mos 
transistor connects gate and source, 
and an n-channel transistor con-
nects gate and negative supply. 
With these c-mos drivers, the 

switch has high off impedance (iso-
lation, which depends on the size of 
the switch, is typically 60 to 80 ds at 
a video-signal frequency). There is 
no need for standby power and no 
loading of the analog signal. With 
leakage of 1 microampere, power 
loss is 15 microwatts, and typically, 
according to Siliconix, the drainage 
is two orders of magnitude less, on 
the order of nanowatts. 
With 5 volts peak-to-peak signal-

handling capability, the new switch 
will draw a few microamperes for 
the most negative analog voltage, 
and 10 to 20 µA for the most positive 
voltage. The actual power dissipa-
tion depends on how fast the device 
is switched between the most posi-
tive and negative voltages. Thus, 
dissipation depends on the rise and 
fall times of the system logic. 
On same chip. Building the JFETs 

and mos transistors on the same 
chip was chiefly a matter of working 
out the right temperatures, times, 
and procedures to control diffusion 
depths. The p-diffusion depth is crit-
ical in the WET, while gate surface 
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1000 cm/msec stored writing speed, 
four storage modes, and more. 

100 MHz oscilloscope 
Tektronix 7633 oscilloscope gives you 
100 MHz bandwidth and 1000 cm/psec 
stored writing speed. So you can retain and 
view fast rise, low repetition rate, single shot 
or slow moving waveforms. All with one 
instrument. This allows you to solve prob-
lems in computer sciences, aerospace, 
ballistics, communications and various other 
applications. 

Multi-mode storage 
The 7633 offers four operating modes: Non-
store, normal and fast Variable Persistence 
and Bistable modes are available at the 
touch of a button. And, an 8 x 10 div. 
(.45 cm/div.) mode gives the instrument's 
top writing speed. 

Bright, burn-resistant CRT 
No special operating safeguards are 
necessary with the 7633's rugged, burn 
resistant CRT. This makes it a dependable 
unit for design bench, hospital laboratory, 
service facility or classroom. The large 8x10 
div. CRT is easy to read in both cabinet and 
rackmount configurations. An alphanumeric 
readout, exclusive on Tektronix instru-
ments, makes quick on-screen reference 
and easy interpretation of photographic 
records. Or, the instrument may be ordered 
without the readout for $400 less. 

Part of the 7000 Series 
Select from thirty different 7000 Series 
plug-ins. You can custom tailor your instru-
ment to meet your immediate need. And 
expand its capabilities later as the need 
arises. A 7633 mainframe costs $3650. A 
typical configuration with dual trace vertical 
amplifier and delaying sweep timebase sells 
for $5,550. For rackmount add $100. 

Specifications 
Vertical System—Accepts all 7000 Series 
vertical amplifiers. Bandwidth determined 
by mainframe plug-in unit up to 100 MHz. 
Left, Alternate, Add, Chop, Right display 

Circle 33 on reader service card 
For a demonstration circle 32 on reader service card 

modes. Chopped rate approximately 1 MHz. 
Horizontal System—Compatible with all 
7000 Series plug-ins. Fastest calibrated 
sweep rate is 5 ns/div. Phase shift between 
vertical and horizontal is 2°, DC to 
35 kHz for X-Y operation. 
CRT and Display—Internal 8x10 div. 
(.9 cm/div) graticule with superimposed 
8 x10 div. (.45 cm/div) reduced scan area. 
Nonstore, variable persistence, and bistable 
in normal or fast and full or reduced scan 
storage modes push-button selected. 
Writing Speed and View Times—From .03 
div/sec until erased up to 2222 div/Asec 
at 30 sec view time. View time may be 
increased more than 30 times by using 
reduced intensity in the SAVE 
display mode. 

See for yourself 
For a "hands-on" demonstration, contact 
your nearby Tektronix Field Engineer. 
Or write: Tektronix, Inc., P.O. Box 500, 
Beaverton, Oregon 97005. In Europe write: 
Tektronix Ltd., P.O. Box 36, St. Peter Port, 
Guernsey, C. I., U.K. 

TEKTRONIX® 
conuninad 

technical excellence 

7833 OSCILLOSCOPE 

eralL out.sorr 



Electronics review 

concentrations àre critical to fabri-
cating the c-mos devices. "It's not 
perfectly obvious how to do it right 
the first time," Lorimer observes. 

Siliconix spent a year developing 
the process, and now feels it has got 
it down pat. The company is now in 
a "preproduction" phase for a mili-
tary customer and plans to have 
samples available for civilian users 
by summer. Jerry Parker, analog-
switch product manager, expects the 
array to find favor first with makers 
of PBX equipment, but hopes to sell 
to many of the telephone companies 
as well. 1E1 

Fiber optics 

Low-loss coupler 

feeds 20 terminals 

Before multi-terminal optical-data 
systems can become practical (see 
pp. 89-96), a standardized method 
of efficiently distributing a single 
light signal among many terminals 
is essential. Such a device has 
recently been developed by Corning 
Research Labs., Corning, N.Y. 

The device, called a Star Coupler, 
consists of an aligned group of re-
flectively coupled fiber bundles that 
are inserted into a cavity with a mir-
rored end face. When light from a 
single fiber strikes the mirror, the 
light is distributed evenly to each of 
as many as 20 optical fibers, which, 
in turn, may be connected to various 
types of terminals. 
With the device, the mixing and 

interconnection signal losses in-
crease only logarithmically with the 
number of terminals, rather than 
linearly, as is the case with a tapped 
data trunk. Moreover, because 20 
ports can be tapped, only one Star 
Coupler is likely to be needed for a 
given system. 
The prototypes that have been 

constructed so far link seven ports 
although they contain enough op-
tical fibers to link 20. Insertion 
losses are expected to be as low as 4 
decibels, according to Frank Theil, 
supervisor of applied electrophysics 
at Corning. By contrast, a T-coupler 
for data trunks, recently developed 
by the Naval Electronics Laboratory 
Center [Electronics, Dec. 20, 1973, 
p. 30] has 3-dB mixing/interconnec-
tion loss for a single terminal cou-
pling. Critical to the coupler's suc-

cessful operation are rigidity in its 
packaging, to prevent misalignment 
under shock and vibration, and a 
very flat mirror—to a fraction of a 
wavelength. 
The Star Coupler uses the optical 

nature of the signals in a waveguide 
to perform all the mixing and signal 
division at a single point in the op-
tical system. Central to its function-
ing is the spreading of light from a 
given multimode fiber at an angle 
that is a characteristic of the fiber. A 
fiber bundle from each terminal is 
brought into the coupler, and either 
a central processor or a single termi-
nal acts as a signal source. The light 
strikes the mirror and is instantly 
coupled to the terminals of the sys-
tem. The light simply spreads out, 
covers the mirror, and irradiates all 
the fibers uniformly. Moreover, all 
terminals receive an equal fraction 
of the input signal. 

In contrast, in the tapped trunk, if 
each terminal received the same 
fraction of the main trunk signal, 
then terminals further down the 
trunk would be receiving less optical 
energy than those nearer the signal 
source. The problem is that the 
trunk is configured analogously to 
an electronic data bus, but lacks an 

Contrast In techniques. Data trunk (a) requires a mixer for each tap off the main bus. The Star Coupler (b) simultaneously couples all termi-
nals to the source. And adding more terminals extracts only minimum source power. 

MIXER 

a 

TRUNK COUPLER 

MIXER 

FIBER 

b 

ANTI REFLECTION FILM 

STAR COUPLER 

MIRROR 

WAVEGUIDE BUNDLES 
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RCA COS/MOS to 
MIL-M-38510 

Now, you can order COS/MOS 
parts processed to MIL-M-38510 
from the first supplier to achieve QPL 
approval for C/MOS, and the first 
IC supplier to achieve approval for 
any Class A parts. 

Orders are now being taken for 
eleven High-Rel IC's fully-processed 
to MIL-M-38510 — Class A, B, or C. 

MIL-M-38510 
Nomenclature 

RCA 
Type Description 

MIL-M-38510/05001 
MIL-M-38510/05002 
MIL-M-38510/05003 

CD4011A 
CD4012A 
CD4023A 

Quad 2-Input NAND Gate 
Dual 4-Input NAND Gate 
Triple 3-Input NAND Gate 

MIL-M-38510/05101 
MIL-M-38510/05102 

CD4013A 
CD4027A 

Dual "D" Flip-Flop 
Dual J-K Flip-Flop 

MIL-M-38510/05301 

MIL-M-38510/05302 

CD4007A 

CD4019A 

Dual Complementary Pair Plus 
Inverter 
Quad AND-OR Select Gate 

MIL-M-38510/05501 
MIL-M-38510/05502 

MIL-M-38510/05503 
MIL-M-38510/05504 

CD4009A 
CD4010A 

CD4049A 
CD4050A 

HEX Buffer/Converter (Inverting) 
HEX Buffer/Converter 
(Non-Inverting) 
HEX Buffer/Converter (Inverting) 
HEX Buffer/Converter 
(Non-Inverting) 

These 11 parts are the initial 
complement of 26 C/MOS IC's 
covered by MIL-M-38510 detailed 
electrical specifications. Orders will be 
taken for the other devices as soon as 
they appear on the MIL-M-38510 QPL 
list. 

Send for our free brochure which 
tells the complete story of RCA's 
COS/MOS and linear high-reliability 
IC's. 

Also available . . . RCA's new, 
1974 576-page Solid State "High-
Reliability Devices" DATABOOK 

High-Reliability 
Devices 

e 

(SSD-207B). This handy reference 
provides complete Technical Data 
Sheets and other useful information on 
the broad range of RCA High-Rel in-
tegrated circuits and transistors. Send 
for your copy today. Price $2.00. 

RCA Solid State 
Section 70C21 Box 3200 
Somerville, New Jersey 08876 

Ill Please rush my order for copies of the 1974 
"High-Reliability Devices" DATABOOK (SSD-
2078). My cost, $2.00 each. 

El Please send a free copy of RCA's High-Rel IC 
(Brochure (RIO-200). 

Name/Title   

Company  

Address   

City  State Zip   
I enclose payment by:DCheck DMoney Order 
Offer good only in U.S. and Canada. Direct other inquiries to RCA Sales 
Office or Distributors. 

RCA Solid State 

International: RCA, Sunbury-on-Thames, U.K./RCA, Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-ku, Tokyo, Japan/RCA, 103 Nanking E. Road, Sect. 2, 
2nd Floor, Taipei, Taiwan. In Canada: RCA Limited, Ste. Anne de Bellevue 810, Canada. 
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(Parts. Accessories and Materials) 

General Mfg. Co., Waterbury, Conn. 
Hassan, Inc., John, 4112 Oakland St., 

Brooklyn, N. Y. 
Hubbell, Inc., Harvey, State St. & Bost-

wick Ave., Bridgeport, Conn. 
Industrial Screw & Supply Co., 711 W. 

Lake St., Chicago, Ill. 
International Screw CO.. 9444 Roselawn 

Ave., Detroit, Mich. 
Keystone Bolt & Nut Co., 9507 Meech 

Ave., Cleveland, Ohio 
Lamson & Sessions Co., 1971 W. 55th 

St., Cleveland, Ohio 
Manufacturers Screw Products, 216 W. 

Hubbard St., Chicago, Ill. 
National Lock t'o., Rockford, Ill. 
National Screw & Mfg. Co., 2440 E. 75th 

St., Cleveland, Ohio 
New England Screw Co., 109 Emerald St., 

Keene, N. H. 
Parker-Kalon Corp., 200 Varick St., New 

York. N. Y. 
Pawtucket Screw Co., 141 Hughes Ave., 

Pawtucket, R. I. 
Pheoll Mfg. Co., 5700 Roosevelt Rd., Chi-

cago, Ill. 
Progressive Mfg. Co., 52 Norwood St., 

Torrington, Conn. 
Heading Screw Co., Norristown, Pa. 
Reed & Prince Mfg. Co., Duncan Ave., 

Worcester, Mass. 
Remington Screw & Bolt Mfg. Co., Cold 

Spring-on-Hudson, N. Y. 
Rockford Screw Products Co., 2541 Ninth 

St., Rockford, Ill. 
Russell, Burdsall 8z Ward Bolt & Nut Co., 

Midland Ave., Port Chester, N. Y. 
St. Louis Screw & Bolt Co., 6900 N. 

Broadway, St. Louis, Mo. 
Seovill Mfg. Co., 99 Mill St., Waterbury, 

Conn. 
Sterling Bolt Co., 707 W. Van Buren St., 

Chicago, Ill. 
United Screw & Bolt Corp., 2513 W. Cul-

lerton St., Chicago. Ill. 
Wasmer Bolt & Screw Corp., 13000 Athens 

Ave., Cleveland, Ohio 
Western Automatic Machine Screw Co., 

922 Foster Ave.. Elyria, Ohio 

RECESSED HEAD SCREWS 
American Screw Co., 21 Stevens St., Provi-

dence. R. I. (See Page 16 •) 
Tite Bristol Co., Waterbury, Conn. (§er 

page 10 .) 
Central Screw Co., Chicago. Ill. (See 

page lea 
Chandler Products Co., Cleveland, Ohio 
Continental Screw t'o., New Redford, 

Mass. (See page 16.) 
Corbin Screw Corp., High. Myrtle & Grove 

Sta., New nightie'. Conn. (See page 
1(1.) 

Federal Screw Products Co., 26 S. Jeffer-
son St., Chicago, Ill. 

Industrial Screw & Supply Co., 711 W. 
Lake St., Chicago, Ill. 

International Screw Co., 9444 Roselawn 
Ave., Detroit. Mich. (See page 16.) 

Lamson & Sessions Co., Cleveland. Ohio. 
(See page 16a 

National Screw 8: Mfg. Co., 2440 E. 75th 
St.. Cleveland. Ohio. (See page 16 .) 

New England Serew ('o., 109 Emerald St., 
Keene. N. li. (See page 16.) 

Parker Co.. Chas., Meriden, Conn. (See 
16.) 

Parker-Kalon Corp., 200 N'arick St., New 
York. N. Y. (See page 16.) 

Pawtucket Screw Co., Pawtucket. R. I. 
See page 16.) 

['broil Mfg. ('o., 5700 Roosevelt Rd., Chi-
cago, Ill. (See page 16.) 

Russell. Iturdsall & Ward Holt & Nut Co., 
Midland Ave., Port Chester, N. Y. 

page 16 .) 
Scovill Mfg. Co., Waterbury. Conn. (See 

page 16.) 
Shakeproof, Inc., 2565 N. heeler Ave., 

Chicago, Ill. (See page 16 •) 
Tite Southington Ildwe. Mfg. t'o., South-

ington, Conn. (See page 16.) 
Whitney Screw ('o., Nashua. N. H. (See 

page 16.) 

SELF TAPPING SCREWS 

American Screw Co., 21 Stevens St., Provi-
dence, R. I. 

Central Screw Co., 3511 Shields Ave., 
Chicago, Ill. 

Continental Screw Co., New Bedford. 
Mass. 

Corbin Screw Corp., High. Myrtle & Grove 
Sts., New Britain, Conn. 

Rico Tool & Screw Corp., 1800 Broadway, 
Rockford, Ill. 

Federal Screw Products Co., 26 S. Jeffer-
son St.. Chicago, Ill. 

Industrial Screw & Supply Co., 711 W. 
Lake St., Chicago, tu. 
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Lamson & Sessions Co., 1971 W. 85th St., 

Cleveland. Ohio 
Manufacturers Screw Products, 216 W. 

Hubbard St., Chicago, Ill. 
National Screw & Mfg. Co., 2410 E. 75th 

St., Cleveland, Ohio 
Parker-Kalon Corp., 200 %%trick St., New 

York, N. Y. 
Pheoll Mfg. Co., 5700 Roosevelt Rd., Chi-

cago, Ill. 
Rhode Island Tool t'o., 148 W. River St., 

Providence, R. I. 
Russell, Burdsall & Ward Bolt & Nut Co., 

Midland Ave., Port Chester, N. Y. 

SET and CAP SCREWS 

Acme Machine Products t'o., Muncie, Ind. 
Allen Mfg. Co., 129 Sheldon St., Hartford, 

Coon. 
Allied Products Corp., 4646 Lawton Ave., 

Detroit, Mich. 
Atlas Bolt & Screw Co., 1144 Ivanhoe Rd., 

Cleveland, Ohio 
Bristol Co., Waterbury, Conn. 
Chandler Products Corp., 1475 Chardon 

ltd., Cleveland, Ohio 
Chicago Screw Co., 1026 S. Homan Ave., 

Chicago, Ili. 
Clark Bros. Bolt Co., Milldale, Conn. 
Cleveland Cap Screw Co., 2917 E. 79th 

St., Cleveland, Ohio 
Continental Screw CO., New Bedford, 

Mass. 
Corbin Screw Corp., I ligh, Myrtle & Grove 

Sts., New Britain, Conti. 
Him Tool & Screw Corp., 1800 Broadway, 

Rockford, III. 
Federal Screw Products Co., 26 S. Jeffer-

son St., Chicago, Ill. 
Federal Screw Works, 3401 Martin St., 

Detroit, Mich. 
Ferry Cap & Set Screw Co., Scranton & 

North Rds., Cleveland, Ohio 
Ferry Screw Products, Inc., E. W., 8219 

Almira Ave., Cleveland, Ohio 
Harper Co., H. M., 2630 Fletcher St., Chi-

cago, Ill. 
Hartford Machine Screw Co., 476 Capitol 

Ave., Hartford, Conn. 
Haskell Mfg. Co., William H., 22 Com-

merce St., Pawtucket, It. I. 
Holo-Krome Screw Corp., 11 Brooks St., 

Hartford. Conn. 
Industrial Screw & Supply Co., 711 W. 

Lake St., Chicago, Ill. 
Keystone Bolt & Nut Co., 9507 Meech 

Ave., Cleveland, Ohio 
Lamson & Sessions Co., 1971 W. 85th St., 

Cleveland, Ohio 
Lewis Bolt & Nut Co., 504 Malcolm Ave., 

S. E., Minneapolis, Minn. 
Mac-It Parts Co., Lancaster, Pa. 
Manufacturers Screw Products, 211; W. 

Hubbard St.. Chicago, Ill, 
Mid-West Screw Products Co., Main & 

St. George Sts., St. Louis, Mo. 
Monarch Cap Screw & Mfg. Co., 5906 

Park Ave., Cleveland, Ohio 
Moore, George \V.. 44 Farnsworth St., 

Boston. Mass. 
National Acme Co., 170 E. 131st St., 

Cleveland, Ohio 
National Lock Co., Rockford, Ill. 
National Screw & Mfg. Co., 2440 E. 75th 

St., Cleveland, Ohio 
Ottemiller Co., Wm. H., York, Pa. 
Parker-Kalon Corp., 200 Varick St., New 

York, N. Y. 
Pheoll Mfg. Co., 5700 Roosevelt Rd., Chi-

cago. Ill. 
Reed & Prince Mfg. Co., Duncan Ave., 

Worcester, Mass. 
Remington Screw & Bolt Mfg, Co., Cold 

Spring-on-Hudson, N. Y. 
Republic Steel Corp., Upson Nut Div., 

Cleveland, Ohio 
Rhode Island Tool Co., 148 W. River St., 

Providence, It. I. 
Rockford Bolt & Steel Co., 126 Mill St., 

Rockford, III. 
Rockford Screw Products Co., 2511 Ninth 

St., Rockford, Ill. 
Russell, Burdsall & Ward Bolt & Nut Co., 

Midland Ave., Port Chester, N. Y. 
St. Louis Screw & Bolt CO., 6900 N. 

Broadway, St. Louis, Mo. 
Sandusky Nut Co., Sandusky, Ohio 
Scovill Mfg. Co., 99 Mill St., Waterbury, 

Conn. 
Shinier & Sons, Samuel J., Milton, Pa. 
St lard Pressed Steel Co., Jenkintown, 

Pa. (See page 178.) 
Sterling Bolt Co., 707 W. Van Buren St., 

Chicago, Ill. 
Triplex Screw Co., 5317 Grant Ave., Cleve-

land, Ohio 
Union Screw & Mfg. Co., 207 S. Main St., 

Pittsburgh, Pa. 
United Screw & Bolt Corp., 2513 W. Cul-

lerton St., Chicago, Ill, 

Wasmer Bolt & Screw Corp., 11000 Athens 
Ave., Cleveland, Ohio 

Western Automatic Machine Screw Co., 
922 Foster Ave., Elyria, Ohio 

Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 

WOOD SCREWS 

American Screw t'o., 21 Stevens St., Provi-
dence, R. I. 

Atlantic Screw Works. Inc.. Hartford, 
Conn, 

Continental Screw Co.. New Bedford, 
Mass. 

Corbin Screw Corp., High, Myrtle & Grove 
Sts., New Britain, Conn. 

Eagle Lock Co., Terryville. COM1. 
Hico Tool & Screw Corp., 1$00 Broadway, 

Rockford, Ill. 
Federal Screw Products Co.. 26 S. Jeffer-

son St., Chicago, Ill. 
Ferry Screw Products. Inc.. E. W., 8219 

Almira Ave., Cleveland. Ohio. 
Industrial Screw & Supply Co., 711 W. 

Lake St., Chicago, Ill. 
Keeler Brass t'o., Webb & Bek Sts., Grand 

Rapids, SI ich. 
Keystone Bolt & Nut CO.. 9507 Meech 

Ave., Cleveland, Ohio 
Manufacturers Screw Products, 216 W. 

Hubbard St., Chicago, Ill. 
Na t iona 1 Lock '0., Rockford, Ill. 
National Screw & Mfg. Cr,., 2140 E. 75th 

St., Cleveland, Ohio 
Parker Co., Charles, IS Elm St., Meriden, 

Conn. 
Pheoll Mfg. Co., 5700 Roosevelt Rd., Chi-

cago. Ill. 
Reading Screw Co., Norristown. Pa. 
Reed & Prince Mfg. Co., Duncan Ave., 

Worcester, Mass. 
Remington Screw & Bolt Mfg. Co., Cold 

Spring-on-Hudson, N. Y. 
Rockford Screw Products Co., 2541 Ninth 

St., Rockford, Ill. 
Southington Hardware Co.. Southington, 

Conn. 
Sterling Holt Co., 707 W. Van Buren St., 

Chicago, T11. 
\Veber-Knapp Co.. 1939 Chadakoin St., 

Jamestown, N. Y. 
Whitney Screw Corp.. Nashua. N. H. 

Shafts  
FLEXIBLE SHAFTS 

Albertson & t'o., 3100 Floyd Ave., Sioux 
City, Iowa 

Breeze Corps., 24 S. Sixth St., Newark. 
N. .1. 

Chicago Flexible Shaft Co.. 5600 Roose-
velt Rd., Chicago, Ill. 

Coates Clipper & Mfg. Co., 237 Chandler 
St., Worcester, Mass. 

Fischer Spring Co., Chas.. 248 Kent Ave.. 
Brooklyn, N. Y. 

Haskins Co., It. G., 615 S. California St., 
Chicago, Ill. 

Jarvis Co., Charles L.. Middletown, Conn, 
Liniek, Green & Reed. 55 E. Washington 

Chicago, Ill. 
Mall Tool Co., 7740 S. Chicago Ave., Chi-

cago, Ill. 
Martindale Electric Co.. 1171 Bird Ave., 

Cleveland, Ohio 
l'ratt & Whitney Div.. Niles-Bement-

Pond Co., Charter Oak Blvd., Hart-
ford, Conn. 

Stewart Mfg. Corp., F. W.. 4311 Ravens-
wood Ave., Chicago, Ill. 

Stow Mfg. Co., 445 State St.. Bingham-
ton, N. Y. 

Strand & Co., N. A., 5001 N. Wolcott Ave., 
Chicago, Ill. 

Swartz & White Mfg, Co.. 215 Washington 
St., Binghamton. N. Y. 

United States Electrical Tool Co., 2490 
Riverside Drive, Cincinnati, Ohio 

Walker-Turner Co., Plainfield, N. J. 
White Dental Mfg. Co., S. S. (Industrial 

Div.), 10 E. 40th St., New York, N. Y. 
(See page 170.) 

Wyzenbeek & Staff, 836 W. Hubbard St., 
Chicago, Ill, 

Shields  
TUBE SHIELDS 

American Radio Hardware Co., 476 
Broadway, New York. N. Y. 

Bond I'roducts Co., 13139 Hamilton Ave., 
Detroit, Mich. 

Bud Radio, Inc., 5205 Cedar Ave., Cleve-
land, Ohio 

Ellis & Sons, Inc., George D.. 309 N 
Third St., Philadelphia, Pa. 

Erie t'an Co., 816 W. Erie St., Chicago, 
111. 
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optical analog of a high-impedance 
amplifier, which removes only negli-
gible amounts of energy from the 
signal. 

Government electronics 

Automated weather 

stations planned 

A national network of automated 
weather-monitoring stations is being 
planned by the Federal Aviation 
Administration and the National 
Weather Service. About June 1, 
requests for proposals will be issued 
for the development of a prototype 
station to tabulate and track a host 
of weather parameters. Eventually, 
as many as 155 automated stations 
may be installed. 
The three-year development plan 

for what the FAA calls an aviation 
automated weather-observation sys-
tem (Av-Awos) includes phases for 
completing the prototype and the 
developmental model, and the in-
stallation, evaluation and testing of 
the final product. Development of 

the prototype is expected to cost 
over $1 million, even though con-
tractors will be asked to keep the de-
sign as simple as possible. 
Under the joint program, the FAA 

is funding the project, but the 
Weather Service is issuing the RFPS. 
Who pays for the proposed oper-
ational network has yet to be de-
cided. The funding in subsequent 
years will determine the number of 
stations ultimately installed. Nor 
have the over-all costs yet been esti-
mated, since some of the sensing 
technology needs further develop-
ment. 
The stations will multiplex, pro-

cess, and store data collected by a 
variety of sensors, automatically 
maintaining a weather record 
plotted over 24 hours. This will in-
clude such parameters as tempera-
ture of land and water, wind veloc-
ity and direction, and a count of 
pollutants. This information will be 
available from each station's mini-
computers, which will be linked to 
central computers. Each in-
put/output and communications 
terminal will include a Teletype in-
terface, independent processing sys-
tem interface, local and remote dis-

plays, a manual input/output device 
and a local data recorder. 

Options. In selecting sensors, con-
tractors will have the option of using 
either those already developed by 
the Weather Service or commercial 
versions with the same performance 
specifications. Where the Weather 
Service doesn't have adequate sen-
sors, designs will be selected and 
evaluated for the developmental 
model and later for the prototype. 
The FAA says that the automated 

network will fit into its program for 
automating flight-service stations 
and will augment its string of Lim-
ited Aviation-Weather Reporting 
Stations. 

Trade 

U.S. forecasts 1974 

decline in imports 

A net decrease in 1974 U.S. imports 
of home-entertainment electronics, 
as well as a shift in the relative mar-
kets shares of Japan, Taiwan, and 
Korea, has been forecast by the U.S. 

News briefs 
National sets up Memory Systems group 
National Semiconductor Corp., Santa Clara, Calif., has 
formed a Memory Systems group charged with design-
ing, building and testing custom semiconductor-memory 
systems. The new group, says National president Charles 
Sporck, will provide customers with a cost-effective 
method to implement semiconductor memories in end-
user data-processing systems, while at the same time at-
tempting to minimize the financial and scheduling risks 
often encountered by companies using semiconductor-
memory technology for the first time. David Martin, a for-
mer vice president of marketing for Advanced Memory 
Systems, who recently joined National, will be general 
manager. 

Copyright ruling cheers CATV Industry 
A 10-year legal dispute between broadcasters and the 
cable-television industry ended when the U.S. Supreme 
Court ruled 6-3 that cable operators may import distant 
signals and rebroadcast them locally without paying 
copyright fees. The decision, in a case between the Co-
lumbia Broadcasting System and TelePrompTer Corp., 
was hailed as a victory by the National Cable Television 
Association. 

General Automation acquires typesetting firm 
General Automation Inc., the Anaheim, Calif., maker of 
minicomputers and minicomputer-based automation sys-
tems, has acquired Tal-Star Computer Systems Inc. for 
an undisclosed amount of cash and stock. Tal-Star sells 
computer-automated typesetting, printing and other sys-
tems to newspapers. General Automation has been sup-
plying Tal -Star with computers, while the latter provides 
the operating systems required to automate the type-
setting, printing, and distribution of a large number of 
U.S. dailies. 

Opel named president of IBM 
John R. Opel has moved into the presidency of Inter-
national Business Machines Corp., replacing Frank T. 
Cary. Cary continues to wear his other two hats, those of 
chairman and chief executive officer. The change makes 
Opel the third man in the corporate office, which runs the 
company day-to-day, along with Cary and Gilbert E. 
Jones, chairman of the IBM World Trade Corp. Until the 
end of January, Cary and Jones had shared the corpo-
rate office with Thomas J. Watson Jr., who retired upon 
reaching the age of 60. Opel was promoted from senior 
vice president. 
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OuTigh-Rel Tbam is 
set to 

yctu!near pÇ R  

_ 

eoe' 
e 

Anytime you need High-Rel 
Linear IC's for military aerospace or in-
dustrial applications, come to RCA. 
Your RFQ's will receive first class 
"team" attention. 

RCA has come on strong to meet 
your needs for High-Rel Linear IC's. 
With a team dedicated exclusively to 
High-Rel IC's and a MIL-M-38510 ap-
proved facility, we are keeping pace 
with the industry's increasing demand 
for high-reliability linears. 

Our team can bring you a variety 
of High-Rel circuits, such as 
Operational Amplifiers, Differential 
Amplifiers, Transistor Arrays, RF 
Amplifiers, and Voltage Regulators, all 
processed to MIL-STD-883. Here are 
just some of the more popular amplifier 
circuits offered. 
Industry Designation RCA Number 100-999 Price 

Class B• Type 741 CA741T/3 $4.50 
Class B• Type 747 CA747T/3 5.50 
Class B• Type 748 CA748T/3 4.50 
Class B• Type 1558 CA1558T/3 5.50 

'Parts processed to MIL-STD-883 Method 5004 Class B 

ti 

• --a. • . 

Send for our free 20-page 
brochure which tells the complete 
story of RCA's COS/MOS and linear 
high-reliability IC's. 

Also available . . . RCA's new, 
1974, 576-page Solid State "High-
Reliability Devices" DATABOOK 
(SSD-207B). This handy reference 
provides complete Technical Data 
Sheets and other useful information on 
the broad range of RCA High-Rel in-
tegrated circuits and transistors. 

Send for your copy today. Only 
$2.00. 
RCA Solid State 
Section 70C21 Box 3200 
Somerville, New Jersey 08876 
D Please rush my order for copies of the 1974 

"High-Reliability Devices" DATABOOK (SSD-207B). 
My cost, $2.00 each. 

OPlease send a free copy of RCA's High-Rel IC 
Brochure (RIC-200). 

Name/Title   

Company  

Address   

City/State/Zip  

I enclose payment by: DCheck ID Money Order 
Offer good only in U.S. and Canada. Direct other inquiries to RCA Sales 
Offices or Distributors. 

il Solid 
State 

International: RCA, Sunbury-on-Thames, U.K./RCA, Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-ku, Tokyo, Japan/RCA, 103 Nanking E. Road, Sect. 2, 
2nd Floor, Taipei, Taiwan. In Canada: RCA Limited, Ste. Anne de Bellevue 810, canada. 
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II.[ U.S. IMPORTS OF CONSUMER AUDIO AND VIDEO PRODUCTS 
OF ORIGIN 
F DOLLARS) 

Japan 

Taiwan 

Hong Kong 

U.K. 

Korea 

Singapore 

Canada 

Germany 

Mexico 

Brazil 

Other 

1972 

$1,175,201 

233,534 

99,566 

73,587 

16,492 

25,335 

26,553 

16,022 

25,388 

825 

14,996 

Total $1,707,499 

Percent of Percent of 
Total 1973 Total 

68.8 $1,182,118 61.7 

13.7 329,469 17.2 

5.8 117,666 6.1 

4.3 75,965 4.0 

1.0 58,560 3.1 

1.5 31,298 1.6 

1.6 30,932 1.6 

0.9 21,072 1.1 

1.5 20,790 1.1 

0.1 15,801 0.9 

0.8 30,837 1.6 

$1,914,508 

Source: Bureau of Census 

Department of Commerce. The esti-
mate came with the Government's 
disclosure in mid-March that 1973 
imports of home-entertainment 
products that totaled $1.9 billion re-
flect a slowdown in the rate of 
growth. 

Total imports of audio and video 
consumer products last year rose 
12% from the 1972 level of $1.7 bil-
lion, according to the Census Bu-
reau. This increase compares with a 
31% increase between 1971 and 
1972. 
Decline? In its look ahead at im-

ports for this year, the department 
said a net decrease in imports from 
the 1973 level could result from 
"slackening U.S. demand, as well as 
production adjustments in Japan." 
Japan continued to supply the lion's 
share of U.S. audio and video im-
ports last year-nearly $1.2 billion 
for 61.7% of the total-but its share 
of the import market continued to 
slip. 
Coupled to the "strong possibility 

of a substantial decline in U.S. im-
ports from Japan," the Government 
forecasts continuing strong gains in 
Taiwan's second-place share of the 
U.S. imports market, as well as a 
growing surge from Korea to make 
it "the fastest-growing supplier" to 
the U.S. consumer market. 
How much this expected redistri-

bution of U.S. import-market shares 
will really affect Japanese interests 
is uncertain, however. Indeed, much 
of it may come as a result of direct 

Japanese action, suggests the Com-
merce Department study. For ex-
ample, the 1974 growth of Korea's 
role as a supplier to the U.S. will be 
a product "almost exclusively of 
joint Korean-Japanese ventures" 
generating "the highest-value per-
centage gains of any other foreign 
supplier." Korea is now in various 
stages of joint ventures with such 
major Japanese manufacturers of 
home-entertainment electronics as 
Matsushita, Toshiba, Sanyo, and 
Crown. As a nation that had less 
than 0.5% of the U.S. import market 
in 1971, Korea supplied 3.1% of the 
imports last year, rising to fifth 
place. 

Declining share. Japan's share of 
U.S. imports has been declining for 
multiple reasons: the change in in-
ternational monetary relationships; 
the beginning of color-Tv assembly 
by Sony in San Diego; opening of a 
Matsushita plant in Puerto Rico; 
and increased shipments to the U.S. 
from American and Japanese sub-
sidiaries and other producers in 
Asian countries. 
Faced in 1974 with continuing 

rises in wage and material prices at 
home, costly pollution-control direc-
tives, and quantitative voluntary ex-
port controls on TV receivers, plus a 
check-price system on tape record-
ers shipped to Europe, in the U.S. 
view, Japan will "concentrate on 
production of market-tested, pre-
mium-type, high-profit items." 

Japan's Ministry of International 

Trade and Industry (MITI) says the 
U.S. report has already predicted 
1974 production declines of 29% in 
monochrome-Tv sets, 15% in radios, 
and 5% in color-Tv receivers. How-
ever, the same MITI forecast notes 
that Japan's exports of resistors, 
tubes, and diodes should rise by 
39%, 25%, and 15%, respectively. 
These gains, the U.S. study says, 
"reflects the expansion in produc-
tion capacity of overseas Japanese 
subsidiaries assembling audio and 
video products." 

In breaking out 1973 consumer 
product imports, the Commerce De-
partment analyzed the changes this 
way: 
• Color TV: Imports of 1.46 million 
units rose by only 140,000 sets from 
1972, while domestic production of 
8.7 million units reflected a sharp 
increase of 1.7 million sets in the 
year. As a result, the import share of 
color-Tv sets slipped to 13% from 
the 18.6% peak of 1971. 
• Monochrome TV: The nearly 5 
million units imported ran about 
60,000 below the 1972 total. How-
ever, the drop in domestic output 
"exceeded by far the import de-
crease," plummeting 34% from 1972 
to last year's estimated output of 2.1 
million sets. In the comparable pe-
riod, unit imports rose from 62% to 
70% of domestic consumption. 
• Tape recorders/players: This 
leading consumer-import category 
reflected only a nominal unit import 
gain of 2.6% to 22 million sets from 
1972. However, price increases by 
all foreign suppliers produced the 
largest dollar gain for any category. 
Of the $657 million import total, up 
$76 million from 1972, Japan cap-
tured 87% of the market. 
• Home radios: Hong Kong re-
mained the leading unit supplier 
with 48.2% of total imports, num-
bering nearly 41 million sets. The 
import market increased a nominal 
1.9% in quantity and 11% in value 
from 1972. 
• Radio/phonograph combina-
tions: Unit imports dropped 8% to 2 
million from the 2.2 million posted 
in 1972. Japan's share declined in 
both units and dollars as Taiwan's 
share increased. 
• Auto radios: Imports of 4.5 mil-
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Look at That! 
Four Opto-lsolators 

/ in One 
/lY f Money Saving 
Package. 

egib\I  

The Bright Guys 
do it again. By pack-
aging four independ-
ent opto-isolator 
channels into one 
16-pin DIP—the new 
ILQ-74 quad isolator— 
we've created the 
first family of 
perfectly compatible 
single, dual and quad 
opto-isolators. 

And because the 
ILQ-74 has the same specs as the ILD-74 dual and IL-74 
single opto-isolator, they mix and match ideally. You can 
absolutely minimize parts counts regardless of the number 
of channels per board. 

The new ILQ-74 quad pares down the cost per 

-year le 

channel to 83e in 1K quantities and even more in higher 
volumes. In multi-channel designs, the quad replaces 
single and dual isolators, to save still more on parts 
handling, assembly labor and board area. 

All three are compatible with TTL and lots of 
linear circuits. All three have a breakdown voltage of 
1500V, typical transfer ratio of 35% and coupling ca-
pacitance of only 0.5pF. All three have passed UL 
safety tests. 

Now's the time to replace outmoded trans-
formers and relays with economical, efficient Litronix 
opto-isolators. Isolate high-voltage transients and 
eliminate both ground loop feed-through and com-
mon mode noise in long lines the solid-state way. 

Only Litronix makes a compatible family of 
quad, dual and single opto-isolators. Call or write for 
complete data and application notes. 

litronix 
litronix. Inc. 19000 Homestead Road. Cupertinci. California 95014 
1408) 257-7910 TWX: 910-338-0022 
European Headquarters: Litronix, Inc. Bevan House, Bancroft Court 
Hitchin, Hertfordshire SG5 ILW England Tel: 2676 Telex: 825-497 
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11T We're the 
only one... 

Nationwide P.R.O.M. 
programming centers 

with 
Local P.R.O.M. 

service 
from 

Hamilton et 
ELECTRONICS 

TWX910-340-7080for programming information. _ 
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Hamilton/Avnet programs 
field-programmable 
ROM's from these 
leading manufacturers: 

FAIRCHILD 
HARRIS• 
INTEL 
MOTOROLA' 
NATIONAL 
SIGNETICS 

Call us for immediate delivery: 

WEST 
HAMILTON/LOS ANGELES 

(213) 870-7171 
(714) 522-8200 

AVNET/LOS ANGELES 
(213) 836-7200 
(714) 522-8220 

HAMILTONIAVNET — MT. VIEW 
(415) 961-7000 

HAMILTON/AVNET — SAN DIEGO 
(714) 279-2421 

HAMILTON/AVNET — PHOENIX 
(602) 275-7851 

HAMILTON/AVNET — SEATTLE 
(206) 746-8750 
(503) 224-9450 

HAMILTON/AVNET — SALT LAKE CITY 
(801) 262-8451 

HAMILTON/AVNET — DENVER 
(303) 534-1212 

HAMILTON/AVNET — ALBUQUERQUE 
(505) 765-1500 

NORTH CENTRAL 
HAMILTON/AVNET — CHICAGO 

(312) 678-6310 
HAMILTON/AVNET — MINNEAPOLIS 

(612) 941-3801 
HAMILTON/ AVNET — DETROIT 

(313) 522-4700 
HAMILTON/AVNET — DAYTON 

(513) 433-0610 
(216) 289-0550 

HAMILTON/AVNET — ST. LOUIS 
(314) 731-1144 

HAMILTON/AVNET — KANSAS CITY 
(913) 888-8900 

SOUTHERN 
HAMILTON/AVNET — DALLAS 

(214) 661-8661 
(817) 275-6561 

HAMILTON/AVNET — HOUSTON 
(713) 526-4661 

HAMILTON/AVNET — MIAMI 
(305) 925-5401 

HAMILTON/AVNET — ATLANTA 
(404) 448-0800 

MID-ATLANTIC 
HAMILTON/AVNET — BALTIMORE 

(301) 796-5000 
(301) 953-7010 

HAMILTON/AVNET — PHILADELPHIA 
(609) 234-2133 
(215) 831-1300 

HAMILTON/AVNET — NEW JERSEY 
(201) 239-0800 

HAMILTON/AVNET — LONG ISLAND 
(516) 333-5800 

HAMILTON/AVNET — CONNECTICUT 
(203) 762-0361 

NORTH EAST 
HAMILTON/AVNET — BOSTON 

(617) 273-2120 
HAMILTON/AVNET — SYRACUSE 

(315) 437-2642 - 
HAMILTON/AVNET — MONTREAL 

(514) 735-6393 
HAMILTON/AVNET — TORONTO 

(416) 677-7432 
HAMILTON/AVNET — OTTAWA 

(613) 725-3071 

Hamilton/Avnet 
is the 
largest 
nationwide 
distributor 
for the 
world's finest 
lines of 
quality 
electronic 
components! 

Electronics review 

lion units, valued at $91 million, 
registered the largest gains of any 
import category in 1973, jumping 
53% and 71% in quantity and value, 
respectively. Japan and Canada re-
main the two major suppliers with 
44% and 37% shares of the total 
units imported. 

Commercial electronics 

Matsushita-Motorola 

deal presages more 

Last week's announcement that 
Matsushita Electric Industrial Co. of 
Japan had agreed to buy the home 
Tv-receiver product line of Moto-
rola Inc. may just represent the tip 
of the iceberg as Matsushita steers 
itself more squarely into the U.S. 
market. 

"This is the first step in the me-
dium-term objective of vertical inte-
gration in mainland U.S.," says Nat 
Gilbert, vice president and treasurer 
of Matsushita Electric Co. of Amer-
ica, headquartered in New York 
City. Matsushita's long-range goal, 
says Gilbert is full vertical integra-
tion in the U.S. And this could 
mean start-ups as well as acquisi-
tions. "Up to now, we were simply a 
distributor" of the Panasonic prod-
uct line made by Matsushita, Gil-
bert notes. "Now we're going to be a 
manufacturer as well." 
He says that the company is look-

ing at a number of other acquisition 
possibilities, even though Matsu-
shita "has not actively sought any 
company. Motorola came to us." 
Other companies have, too—al-
though Gilbert refuses to name 
them or what market areas they're 
in. He does stress, however, that it's 
not Matsushita's intention to gobble 
up U.S. businesses. 
The Motorola transaction is ex-

pected to be consummated next 
month, assuming that the boards of 
both firms and the Japanese govern-
ment approve it. Matsushita plans 
to retain the Motorola Quasar 
tradename on its TV sets. In fact, a 
new company, Quasar Electronics 
Corp., will result from the transac-

tion. Gilbert says that the Quasar 
and Panasonic Tv-set lines will be 
fully competitive with each other, 
and that "very little will change ex-
cept the name on the sets," in the 
Quasar line. Nor does Matsushita 
plan any management changes in 
Motorola operation. 
Rumors that Motorola wanted 

out of the home Tv-set business pre-
ceded the announcement. Motorola 
officials declined to say whether the 
business was profitable last year, but 
did admit that its TV business 
"hasn't achieved appropriate profit 
objectives in recent years." Industry 
sources peg Motorola's share of the 
Tv-set market at between 6% and 
7%, and suggest that level would ac-
count for some $244 million in the 
firm's 1973 sales of $1.43 billion. 
The sale will encompass present 

Motorola production facilities in 
three Illinois cities: Franklin Park, 
Quincy, and Pontiac. The Matsu-
shita subsidiary also will assume the 
lease for an assembly plant in 
Markham, Ontario. The deal also 
includes appropriate U.S. and Ca-
nadian inventories for the sets. D 

AT&T and MCI 

lock horns 

The counteroffensive launched by 
AT&T to quell competition fostered 
by the Federal Communications 
Commission and pursued by the 
specialized common carriers has run 
into more legal and regulatory 
crossfire [Electronics, Oct. 25, 1973, 
p. 40]. mo Communications Corp. 
has filed suit in U.S. District Court 
in Chicago, charging AT&T with vio-
lating the Sherman Antitrust Act. 
MCI seeks treble damages in a 

four-count complaint charging AT&T 
with attempting to monopolize the 
$1.1 billion business and data-com-
munications market. The main 
charge is that AT&T has delayed in 
providing local telephone lines that 
would permit MCI customers to 
reach mci's long-haul relay equip-
ment. 
An AT&T spokesman responded 

unusually sharply to mci's suit, ex-
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Super 
Cop 
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Super protection with the unique adjustable Crowbar Qvervoltage 
Protector. Makes the Sorensen SRL a great supply for lab/system uses. 
Fast front panel adjustment of overvoltage level without removing the 
load ... instant front panel meter monitoring of set point, plus these 
additional SRL features: resistance and signal programmability; fast 
response time— 70 to 150 µsec.—through full load range; low— 31/2" to 
7"— rack panel height; high power-density... in 14 models with outputs 
from 250 to 2000 watts. SRL—the super choice for maximum reliability, 
stability and value in medium power, low voltage applications. For 
complete data, contact the Marketing Manager at Sorensen Company. a 
unit of Raytheon Company. Manchester. N.H. (603) 668-4500. 

Representative 
• Voltage Mode 

Regulation (combined line & load) 01% 

Ripple (PARE)) rms 350 µv. 
p-p 20 mv 

Temperature Coefficient .1/°C 
.01% + 200 µv 

• Voltage Ranges 
0-10 volts to 0-60 volts (14 models) 

Specifications — SRL 
• C.,rre It Mode 

Regulation (combined line 8. load) 
02% + 4 ma 

Ripple (PARE)) mis 0.5 to 30 ma 

Temperature Coefficient /°C 
.01% + 1 ma. 

• Price Range 
$500-1025 

corensen 
JPOWER SUPPLIES 

pressing amazement that "ma 
thinks there are any antitrust viola-
tions. We have cooperated with ma, 
enabling them to provide end-to-
end private-line service to their cus-
tomers." Frankly, he says, "the com-
plaint is ridiculous." 

Trouble. mci's suit promises some 
trouble for AT&T, but how much re-
mains to be seen. For one thing, the 
Justice Department reportedly is in-
vestigating AT&T'S conduct in the 
private-line communications market 
and has asked the company for per-
tinent documents. 
And, ma's new suit seeks to open 

the wedge it won in a Philadelphia 
Federal Court in February. There, it 
got an injunction, now on appeal, 
ordering AT&T to provide ma the 
same kinds of circuits the same way 
it provides them to AT&T subsidi-
aries. 

Earlier before the FCC, the two 
sides argued during a full day's 
hearing whether or not AT&T was re-
quired to provide the specialized 
common carriers with foreign and 
common control switching arrange-
ments. 

AT&T'S Richard R. Hough, Long 
Lines department president, con-
tended that AT&T is not required to 
provide such service under the FCC 
order establishing the specialized 
common carriers. To do so, he said, 
would fragment the network, de-
grade service, and increase cost to 
the public. MCI and other special-
ized common carriers argued other-
wise, saying that denial undermined 
them competitively with AT&T. 
And, Kelly E. Griffith, deputy 

chief of the FCC's Common Carrier 
Bureau, stated that the specialized 
common carriers are permitted to 
provide those services, and that they 
can do it without harm to the net-
work. This left the decision to the 
FCC, which gave no indication when 
it might decide the thorny issue. 

In previous arguments before the 
FCC, MCI and other specialized com-
mon carriers, aided by the FCC's 
Common Carrier Bureau, tried to 
gun down AT&T's policies on inter-
connecting its facilities with the car-
rier's services, alleging that AT&T in-
tentionally moved slowly to try 
muzzle the new companies. 
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Also 
remember 
our standard lines 
of 7400 TTL's 
and 930 DTL's. 
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Whether your board looks like this... 

or this... 

• We can build a CUSTOM C/MOS circuit 
\Imp for you that looks like this... 

I 1 I I 1 I I 1 

Out-of-State 
Call toll free. Dial: 

800-538-7906 
and ask about 

price and 
delivery. 

We can optimize your design and save you money, too! 
You don't have to have a big hairy 
system full of complex devices to get 
economies out of custom C/MOS. 

Even if your module has as few as a 
half dozen standard C/MOS devices 
in it—we may be able to provide you 
with a single custom C/MOS circuit 
that will do it all... cost you less than 
you think.., and could save your corn-

pany thousands of dollars in produc-
tion costs. 

Many designers have switched to 
C/MOS because of its inherent low-
battery drain and high noise immunity. 
And now many users of standard C/ 
MOS devices are looking to custom 
C/MOS circuits to optimize their de-
signs and save money, too. They see 
no reason to go on using 5 or 6 stand-

Ma MMIMMMIM 1111•111M 

Name 

Company 

Phone 

Address 

City State Zip 

Briefly, my application is: 

ard devices where 1 custom circuit 
will do. 

For less than you think, we may 
be able to provide you with a proto-
type custom C/MOS circuit that could 
give yourcompany a competitive edge. 
It costs nothing to send in the coupon 
and be brought up to date on the cus-
tom C/MOS scene. Do it now! 

Please call me. I want to talk about 
custom C/MOS. 

Please send me more information. 

srme°` or I STEWART WARNER MICROCIRCUITS DIVISION 

STEWART-LIJARAEll CORPORFITIO0 
EXCELLENCE 730 E EvElyn Ave • Sunnyvale Ca 94086 • 14081 245 9200 
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Like A 
Puppe 
On A 
Strin 
The MC1505L performs the 
diverse roles required of analog-to-digital con-
verter subsystems. Instrumentation, data acqui-

sition, industrial controls, or remote sending. 
Wherever you call for an analog signal to be dis-
played or controlled digitally, the MC1505L A/D 
Converter Subsystem can be your marionette. 

Behind The Scenes 

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

In The Spotlight 

Accuracy. Outstanding accuracy. With the digi-
tal system of your choosing; counters, a clock, and 
some gates, you can show off an A/D converter of 
either 3 1/2 or 41/2 BCD bits or up to 13 bits in the 
binary code. 

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

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

Conservation. Keep Watts under your thumb 
with the MC1505L's low power consumption of 42 
mW @ +5.0 V. Tailor-made for battery operated 
instrumentation systems. Like those using CMOS. 
And, single power supply operation (+5.0 to 
+15.0 V) lets you eliminate extra circuitry. 

0 —practical innovations for systems design. 
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FULL-
SCALE 
CALI-

BRATION 1± VOLTAGE 

R MC1505 REFERENCE 

ANALOG + 
INPUT 

REFERENCE 
CON VERTE R 

INPUT 
CONVERTE R 

0 

ZERO CALIBRATION ± 
-= 

DIGITAL LOGIC 
SECTION 

2 

INTE-
GRATOR 

COM-
PARATOR 

CLOCK 

COUNTERS 

LATCHES MULTIPLE X 

DIGITAL OUTPUT 

DELAY 

DE LAYI-

Budget Production 

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

Put It All Together, It Spells Success 
Try it in a 3 1/2 or 41/2 digit A/D converter — com-

bined with either CMOS or bipolar logic for the 
complete A/D converter function. Particulars can be 
found in the detailed 14-page data sheet. The data 
sheet can be found at P. 0. Box 20912, Phoenix, Ari-
zona 85036, or circle the reader service number 
below. 

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

Try it in quantity, off-the-shelf today. 
The MC1505L analog-to-digital converter 
subsystem. 
Your wish is its command. 

MOTOROLA LINEAR 



ELECTRONIC and ALLIED INDUSTRIES 
I;oa Metal Stampings, Inc., :114 Dean 

Brooklyn, N. Y. 
Guthman & t'o., Edwin 1., 400 S. Peoria 

St., Chicago. Ill. 
Hegeter Zinc Co., Danville, Ill. 
J. F. D. Mfg. t'o., 4111 Fort Hamilton 

Pkwy., Brooklyn. N. Y. 
Miller Co., J. W., 5917 N. Main St.. Los 

Angeles, Cal. 
National Cu.,. 61 Sherman St., Malden. 

Mass. 
Paul & Beekman, 4250 Wissahickon Ave.. 

l'Inlatblphitt. Pa. 

Sockets  
DIAL LIGHT SOCKETS 

1.(•oz Electric 1711 Nu. Western Ave., 
Chicago, in. 

TUBE SOCKETS 
Aladdin Radio Industries, Inc., 501 W. 

35th St., Chicago, III. 
Alden Products Co., 715 Center St., 

Brockton, Mass. 
American Phenolic Corp., 1830 S. 54th 

Ave.. Chicago, Ill. 
American Radio Hardware Co, 476 

Broadway, New York, N. Y. 
Birnbach Radio Co., 145 Hudson St., New 

York, N. Y. 
Bud Radio. Inc., 2118 E. 55th St., Cleve-

land, Ohio 
Cinch Mfg. Co., 2335 W. Van Duren St.. 

Chicago. 
Continental-Diamond Fibre Co., 13 Chapel 

St., Newark, Del. 
Eagle Electric Mfg. Co., 59 Hall St., 

Brooklyn, N. Y. 
Eby, Inc., H. H., 4700 Stenton Ave., 

Philadelphia, I'a. 
Federal Screw Products Co.. 26 S. Jeffer-

son St., Chicago, Ill. 
Franklin Mtg. Corp., A. W.. 176 N'arlek 

St., New York, N. Y. (See page 98.) 
General Electric Co., Plastics Dept.. 1 

Plastics Ave., Pittsfield. Mass. 
Hammarlund Mfg. Co., 424 W. 33d St., 

New York. N. Y. 
Johnson Co., E. F., Waseca. Minn. 
Jones, Howard B., 2300 Wabansla Ave., 

Chicago, Ill.. (See Page 151.) 
Micarta Fabricators, Inc.. 4619 Ravens-

wood Ave.. Chicago, Ill. 
Millen Mfg. Co., James, 150 Exchange 

St.. Malden, Mass. 
Miller Co., J. W., 5917 S. Main St.. Los 

Angeles, cal. 
National Co., 61 Sherman St., Malden, 

Mass. 
l'hilco Radio & Television Corp., Tioga 

C Sts., Philadelphia, Pa, 
Remler Co.. 2101 Bryant St.. San Fran-

cisco, Cal. 
Smith Co., Maxwell, 1027 N. Highland 

Ave., Hollywood, Cal. 

Solder  
Allen Co., L. R., 6730 Bryn Mawr Ave., 

Chicago. Ill. 
Alpha Metal & Rolling Mills. Inc., 363 

Hudson Ave., Brooklyn. N. Y. 
Belmont Smelting & Refining Works, Inc.. 

3:10 Belmont Ave., Brooklyn, N. Y. 
Brach Mfg. Corp., L. S., 55 Dickerson 

St., Newark. N. J. 
Division Lead Co., 836 W. Kinzie St.. 

Chicago, Ill. 
Dunton Co., M. W., 670 Eddy St., Provi-

dence, R. I. 
Gardiner Metal Co., 4820 S. Campbell 

Ave., Chicago. Ill, 
Glaser Lead Co., 31 Wycoff Ave., Brook-

lyn, N. Y. 
Heck Metal Co., 318 N. Holliday St., 

Baltimore, Md. 
Rester Solder C'o., 4212 Wrightwood Av,  

Chicago, Ill. 
Lenk Mfg. Co., Newton Lower Falls. 

Mass. 
National Lead Co., 111 Broadway, New 

York. N. Y. 
New York Solder Co., 15 Crosby St., New 

York. N. Y. 
Ruby Chemical Co., 68 McDowell St., 

(•,,Inint,ils. ()hi" 

Soundproofing 
Celotex Corp., 919 N. Michigan Ave., 

Chicago, 111. 
osulite Co., Builders Exchange Bldg., 

Minneapolis, Minn. 
JoIms-Manville, 22 E. 40th St., New York, 

N. Y. 
Mas..nite Cellufoam Products Div. 

6565 S. Lavergne Ave., Chicago, Ill. 

ELECTRONICS — June 1942 

(Parts, Accessories and Materials) 

United States Gypsum Co., 300 W. Adams 
St., Chicago., Ill. 

Speakers  
see Loudspeakers 

Springs  
Accurate Spring Mfg. Co., 3817 W. Lake 

St., Chicago. 
American Coil Spring Co., 2034 Keating 

Ave., Muskegon, Mich. 
American Spiral Spring & Mfg. Co., 6528 

Harrison St., Pittsburgh, Pa. 
American Spring & Wire Specialty Co., 

816 N. Spaulding St., Chicago, III. 
American Steel & Wire Co., Rockefeller 

Bldg., Cleveland, Ohio 
Barnes Co., Wallace, Div. of Associated 

Spring Corp., Bristol, Conn. 
Barnes4libson-Raymond Div. of Asso-

ciated Spring Corp., 6400 Miller Ave., 
Detroit, Mich. 

Cary Spring Works, Inc., 240 W. 29th 
St., New York, N. Y. 

Cleveland Wire Spring Co., Cuyahoga 
Heights. Cleveland, Ohio 

Cuyahoga Spring Co., 10272 Berea Rd., 
Cleveland, Ohio 

1/unbar Bros. Co., Div. of Associated 
Spring Corp., 76 South St., Bristol, 
Conn. 

Fischer Spring Co., Chas., 260 Kent Ave., 
Brooklyn, N. Y. 

Gardner Wire Co., 5045 W. Lake St., Chi-
cago, Ill. 

Gibson Co., Wm. D., Div. of Associated 
Spring Corp., 1800 Clybourn Ave., 
Chicago, Ill. 

Hubbard Spring Co., M. D., 672 Central 
Ave., Pontiac, Mich. 

Banter Pressed Steel Co., Lansdale, l'a. 
(See page 43.) 

I mdrument Specialties t'o., 246 Bergen 
Blvd., Little Falls, N. J. (See page 
152.) 

.1"nes Spring Co., W. B., 124 E. Seventh 
St., Cincinnati, Ohio 

Lee Spring Co., 30 Main St., Brooklyn, 
N. Y. 

Manross & Sons, F. N., Div. of Associated 
Spring Corp., Forestville, Conn. 

Mid-West Spring Mfg. Co., 4634 S. West-
ern Ave., Chicago, Ill. 

New Britain Spring Co., New Britain, 
Conn. 

Mmhlhausen Spring Corp., E. Ottowa 
Ave., Logansport, Ind. 

Peck Spring Co., I'lainville, Conn. 
Phoenix Hardware Mfg. Co., 49 Illinois 

St., Buffalo, N. Y. 
Precision Products Co., Waltham, Mass. 
Raymond Mfg. Co., Div. of Associated 

Spring Corp., 226 S. Center St., Corry, 
Pa. 

Reliance Spring & Mfg. Co., 238 40th St., 
Brooklyn, N. Y. 

Reynolds Spring Co., 955 Water St., Jack-
son, Mich. 

Steel t'o., Herman D., Lafayette Bldg., 
Philadelphia. l'a. 

Tuck Mfg. Co., Brockton, Mass. 
Union Spring & Mfg. Co., New Kensing-

ton, Pa. 
Wickwire Spencer Steel Co., 500 Fifth 

Ave., New York, N. Y. 
Yost Superior Co., Springfield, Ohio 

Stabilizers  
VOLTAGE STABILIZERS—see 

Regulators 

Stampings  
METAL STAMPINGS and LAMINATIONS 

Accurate Spring Mfg, Co., 3817 W. Lake 
St., Chicago, Ill. 

Acklin Stamping Co., 1925 Nebraska Ave., 
Toledo, Ohio 

Acme Stamping & Mfg. Co., 200 Corliss 
St., Pittsburgh, Pa. 

Ainsworth Mfg. Co., 2200 Franklin St., 
Detroit, Mich. 

Akron-Selle ('o., Chestnut St., Akron, 
Ohl() 

Allegheny-Ludlum Steel Corp., Oliver 
Bldg., Pittsburgh, Pa. 

Aluminum Goods Mfg. Co., 15th & Frank-
lin Sts., Manitowoc, Wis. 

American Brass Co., Waterbury, Conn. 
American Emblem Co., Utica, N. Y. 
American Pulley Co., 4260 Wissahickon 

Ave., Philadelphia, Pa. 
American Stamping Co., 1000 E. 64th St., 

Cleveland, Ohio 
Ansonia Mfg. Co., Ansonia, Conn. 

Auburn Mfg. Co., 5 Stack St., Middletown, 
Conn. 

Barnes Co., Div. of Associated Spring 
Corp., Wallace, Bristol, Conn. 

Barnes-Gibson-Raymond Div. of Asso-
ciated Spring Corp., 6400 Miller Ave., 
Detroit, Mich. 

Bay State Stamping Co., 380 Chandler 
St., Worcester, Mass. 

Berger Mfg. t'o., Canton, Ohio 
Bettcher Mfg. Co., 3106 W. 61st St., 

Cleveland, Ohio 
Bond Products Co., 13139 Hamilton Ave., 

Detroit, Mich. 
Bowen Products Corp., Auburn, N. Y. 
Brewer-Tichner Corp., Cortland, N. Y. 
Bridgeport Brass Co., E. Main St., Bridge-

port, Conn. 
Briggs Mfg. Co., 11631 Mack Ave., Detroit, 

M kb. 
Budd Mfg. Co., Edward G., 25th & Hunt-

ing Park Ave., Philadelphia, Pa. 
Chase Brass & Copper Co., 236 Grand 

St., Waterbury, Conn. 
Continental-Diamond Fibre Co., 13 Chapel 

St., Newark, Del. 
Continental Machines, Inc., 1308 South 

Washington Ave., Minneapolis, Minn. 
Crosby Co., 1S3 Pratt St., Buffalo, N. Y. 
Dahlstrom Metallic Door Co., Buffalo St., 

Jamestown, N. Y. 
Defiance Pressed Steel Co., Defiance, 

Ohio 
Detroit Stamping Co., 3461 W. Fort St., 

Detroit, Mich. 
Dickey-Grabler Co., 10302 Madison Ave., 

Cleveland, Ohio 
Dunbar Bros. Co., 76 South St., Bristol, 

Conn. 
Edwards Mfg. Co., 529 Eggleston Ave., 

Cincinnati, Ohio 
Erie Art Metal Co., 1602 E. 18th St., 

Erie, Pa. 
Erie Can Co., 816 W. Erie St., Chicago, 

Fettles Mfg. Co., 1036 E. Grand Ave., 
Decatur, Ill. 

Federal Telegraph Co., 200 Mt. Pleasant 
Ave., Newark, N. J. 

Forsyth Metal Goods Co., Aurora, Ill. 
Fostoria Pressed Steel Co., Fostoria, 

Ohio 
Freinklin Fibre-Lamitex Corp., Wilming-

ton, Del. 
Franklin Mfg. Corp., A. W., 175 ll'airick 

St., New York, N. Y. (See page SM.) 
Falt011 Sylphon CO., 2300 Cumberland 

Ave., Knoxville, Tenn. 
General Industries Co., Cleveland and 

Olive Sts.. Elyria, Ohio 
General Metal Products Co., 3879 Deloe 

St., St. Louis, Mo. 
Geometric Stetinping Co., 1111 E. 200th 

St., Cleveland, Ohio 
Gibson Co., Div. of Associated Spring 

Corp., Wen. D., 1800 Clybourn Ave., 
Chicago, Ill. 

Glenvale Products Corp., 9316 French Rd., 
Detroit, Mich. 

Goat Metal Stampings, Inc., 314 Dean 
St., Brooklyn, N. Y. 

Goetze Gasket & Packing Co., New Bruns-
wick, N. J. 

Grabler Mfg. Co., 6565 Broadway, S.E., 
Cleveland, Ohio 

Grammes & Sons, L. F., 344 Union St., 
Allentown, Pa. 

Gregory Mfg. Co., (Mt. Carmel) New 
Haven, Conn. 

Greist Mfg. Co., 501 Blake St., New 
Haven. Conn. 

Hoosier Lamp & Stamping Corp., Evans-
ville, Ind. 

Hubbard Spring Co., M. D., 672 Central 
Ave., Pontiac, Mich. 

Hunter Pressed Steel Co., Lansdale, Pa. 
Insullne f'orp. of America. 30-24 Long 

Island City, N. Y. (See Page 163 .) 
International Insulating Div., General In-

dustries Co., Cleveland and Olive Sta., 
Elyria, Ohio 

King Laboratories. Inc., 205 Oneida St., 
Syracuse, N. Y. 

Lansing Stamping Co., 1169 Pennsylvania 
Ave., Lansing. Mich. 

Manganese Steel Forge Co., Allen St and 
Castor Ave., Philadelphia, Pa. 

Master Products Co., 6414 Park Ave., 
Cleveland, Ohio 

McCord Radiator & Mfg. Co., 2587 E. 
Grand Ave., Detroit, Mich. 

Melrath Supply & • Gasket Co., Tioga & 
Memphis Sts., Philadelphia, Pa. 

Mico Instrument Co., 10 Arrow St., Cam-
bridge, Maas. (See page 162.) 

Milwaukee Stamping Co., 802 S. 72d St., 
Milwaukee, Wis. 

National Brass Co., 1599 Madison Ave., 
Grand Rapids, Mich. 
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Burroughs 
Announces... 

SELF-SCAN® Bar 
SELF-SCAN BAR GRAPH display 

offers design engineers exciting new 
opportunities for instruments and sys-
tems where ANALOG information is 
needed, but the accuracy of DIGITAL 
information is desired. 

Data is presented as highly visible, 
illuminated bars that can be used 
horizontally or vertically. SELF-SCAN 
BAR GRAPH displays can be read 
instantaneously anywhere in the data 
range. The resolution is more precise 
than any mechanical equivalent avail-
able (a 200-element bar has 0.5% 
resolution). 

SELF-SCAN BAR GRAPH panels 
combine the thick-film technology of 
Burroughs PANAPLEXTM displays and 
the internal scanning techniques of the 
Burroughs SELF-SCAN alphanumeric 
display. There are no moving parts; 
the problems of life, shock, vibration, 
and calibration have been virtually 
eliminated. 

Compact, attractive and adaptable 
to the display of most any parameter 
which can be displayed in analog or 
digital form, the SELF-SCAN BAR 
GRAPH display is an ideal solution for 
the measurement and display of speed, 
torque, pressure, temperature, stress, 
force, or acceleration . . . wherever 
you need to monitor and control para-
meters . . . wherever your engineering 
ingenuity leads you. 

These panels are extremely thin 
(only 0.25",excluding tubulation).That 
means you gain extra rear panel space. 

r 'I- -.1 

ii.r:il lillg 

, 2 3 4561. PINS 

OUTLINE DRAWING OF PANEL 

Only 8 connections to the display 
enable you to accurately control two 
independently variable 200-element dis-
plays. Control is achieved by scanning 
the 200 cathode elements sequentially 
using Burroughs' internal scanning tech-
nique, with the bar lengths controlled 
by the time the anode is on. This 

simple technique permits you to use 
linear, non-linear, binary, or digital 
inputs to control the output of the 
comparators as shown on the block 
diagram. 

.250V 

OMMMO 
CONTROL 

uNKNO 

AN ODE 
DRiv R 

N 

COMPARATORS 

UNKNOWN 

REFERENCE 

RAMP 

GENERATOR 

DRIVER 

RESET 

.230v 

1.• 3765 

3 PHASE PLUS 

RESET PHASE 

CATHODE DRIVERS 

i CLOCK 

R. 

GND 

TYPICAL DRIVE CIRCUIT 

These panels are available now for 
engineering evaluation, and production 
quantities will be available soon. 

The best part is the price. 
Dual 200-element display panels 
(0.5% resolution) are $29.00 each 
in 1000 quantities. 

For complete information write: 
Burroughs Corporation, 
Electronic Components Division, 
P.O. Box 1226, Plainfield, N.J. 07061, 
or call (201) 757-3400 in New Jersey, 
or (714) 835-7335 in California. 
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Burroughs 0: 

See Us at IEEE Intercon Booths 2609-17 
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THE FIRST OF THE 
BIG COUNT TIMERS 

PROGRAMMABLE TIMER 

Exar's new XR-2240 counter/programmable timer 
solves so many tough problems that designers will 
unanimously agree that its really the universal timer. 

With its unique combination of analog and digital 
timing methods, you can now replace inadequate and 
complex assemblages of monolithic and electrome-
chanical timers with the much simpler XR-2240. As a 
bonus, you get greater flexibility, precision operation, 
and a reduction in components and costs for most 
applications. 

Because of built-in programmability, you can also 
use the XR-2240 for frequency synthesis, electronic 
music synthesis, digital sample and hold, A to D con-
version, binary counting and pattern generation, and 
more. 

With a single XR-2240 you can now generate pre-

( 

Wow! a's A 
$11101 00QQ 

AGICRee• 

2£19 

AND AN 

• ULTRA-LONG DELAY 
GENERATOR 

• DIGITAL SAMPLE 
AND HOLD 
• FREQUENCY 
SYNTHESIZER 
• PULSE COUNTER 
• BINARY PATTERN 
GENERATOR 

• PRECISION OSCILLATOR 

.. ALL IN ONE. 

cision time delays programmable from 1RC to 255RC, 
a range of microseconds to 5 days. By cascading only 
two XR-2240 timers, you can extend the maximum 
delay by a factor of 2", where N = 16 bits, resulting in 
a total delay of 3 years! 

The XR-2240 operates over a 4V to 15V supply 
range with an accuracy of 0.5% and a 50 ppm/°C 
temperature stability. It's available in either a 16-pin 
ceramic or plastic dual-in-line package for military or 
commercial applications. Prices start at $3.00 in 100 
piece quantities. 

For the more conventional timing applications, 
look to our other timers: the XR-220/230 timing circuit 
and the XR-2556 dual timers. Call or write Exar, the 
timer leader, for complete information. 

EXAR SPEAKS YOUR LANGUAGE 
11WAr. 

EXAR INTEGRATED SYSTEMS 
750 Palomar Sunnyvale. California 94086 (408, 732-7970 TWX 910-339-9233 
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Washington newsletter  

FCC vacancies may 

not deter Wiley from 

900-MHz action 

Federal Communications Commission chairman Richard E. Wiley is 
sufficiently anxious to get a decision on Docket 18262 which will open 
and apportion spectrum space in the 900-megahertz region [Electronics, 
May 10, 1973, P. 29] that he may push for a decision despite the three 
vacancies on the seven-member commission. Wiley, who calls the pro-
ceeding "one of the most significant decisions which the FCC will make 
during my tenure, and perhaps during the commission's lifetime," indi-
cated at the Electronic Industries Association's spring conference that 
he may go "with the four horsemen, as we are now being called." Such 
a decision would require a unanimous 4-0 vote to preclude petitions for 
reconsideration later after any White House nominees are approved by 
the Senate. But "all the evidence is in and the staff work is essentially 
completed" on the docket, Wiley noted, saying, "it is my profound in-
tention to bring it home just as soon as humanly possible." 

Coast Guard seeks The U.S. Coast Guard is asking for industry responses by March 31 to 
its question whether ocean-dumping surveillance systems can be made systems to monitor 
from off-the-shelf equipment. Charged by the Environmental Protec-

ocean dumping tion Agency with enforcing the ocean-dumping laws, the service wants 
the systems for policing when and where barges discharge their loads. 
"It's amazing what and how much is dumped" in the way of sewage, 
chemicals and dredge soil, declares one officer. A typical system would 
combine a Loran C receiver with an events recorder and a draft sensor 
and could cost from $10,000 to $60,000, depending on the shore-based 
equipment. Japan's Furuno Electric Co. makes the only known com-
plete system, and Environmental Quality Systems Inc., Rockville, Md., 
is reportedly talking about its U.S. licensing. If no off-the-shelf unit 
emerges, the Coast Guard will consider issuing a request for proposal 
for a developmental model. Who will pay for the units—the service or 
the dumpers—is as yet undecided. 

NASA seeks Looking to standardize solar-cell arrays for future spacecraft, the Na-
high-efficienc tional Aeronautics and Space Administration is issuing requests for y  

proposals for 1,000 cells of greater than 13% efficiency and 2 to 8 mils 
solar cells thick for a year's testing. Most cells are about 10% efficient and 12 to 14 

mils thick. Heliotek, which is developing a new cell, and Centralab, 
which has had the license for Comsat's "violet cell", seem favored, but 
a NASA source says the agency wants several firms capable of making a 
standard array. The first big buy of the arrays might be in late 1975 for 
the international sun-earth explorer. 

Bureau of Mines In the push to double coal production by 1980, the Bureau of Mines 
wants to develop automated mining machines that will use sensing and 

aims to guidance systems to find and extract rich veins. The agency is asking 
automate mining companies to submit ideas for advanced systems by May and could 

fund development of several promising concepts. Also, the bureau's 
R&D budget, which in fiscal 1975 has jumped to $50 million from $7 mil-
lion, includes congressionally approved funding for automated contin-
uous and long-haul mining machines with onboard minicomputers, and 
requests for proposals for these should go out in fiscal 1975. 
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Washington commentary   

The EE and the new social perspective 

Ignorance of the law has long been held no ex-
cuse for its violation. Yet many electronics en-
gineers and manufacturers remain ignorant of 
how their products can be held in violation of 
the regulations of such agencies as the Occupa-
tional Safety and Health Administration and 
the Environmental Protection Administration. 
And that ignorance is not confined to industry. 
Within Federal agencies that the electronics in-
dustries number among their biggest custom-
ers, there are project offices proceeding una-
ware that they may have failed to comply with 
some safety or environmental regulation al-
ready written into Federal or state law. 
The Electronic Industries Association now 

says it is time to change all that. It wants to pull 
together representatives of all levels of govern-
ment—Federal through municipal—to meet 
with the industries' engineering leadership for 
the first of what the association hopes will be a 
continuing series of information exchanges. 
Thus far, EIA's reach appears to have exceeded 
its grasp, for its three-day design-effectiveness 
workshop is still something less than sold out, 
little more than a month before it opens on 
April 30 at San Diego. 

Sponsored by EIA's Government Products di-
vision, the conference no doubt has suffered 
somewhat from its nondescript title: "New Per-
spectives—Product Effectiveness." But, led by 
representatives from military and nonmilitary 
government users, industry, and the academic 
and consulting communities, the seven sched-
uled sessions could mark the beginning of an 
end to ignorance about new Federal require-
ments concerning product and worker safety, 
electromagnetic compatibility with other spec-
trum users, reliability, maintainability, and so 
on. 

Philco's dilemma 

Philco-Ford Co.'s Curtis Cunningham, vice 
chairman of the workshop, is convinced that 
the sessions will be unique. Among other 
things, he sees them as one way of obviating 
the kinds of costs that Philco-Ford and the 
Government will be required to incur to make 
a new, multimillion-dollar military antenna 
comply with OSHA regulations. Both contractor 
and customer were unaware of these at the time 
the installation was designed and built. 

Teledyne Ryan Aeronautical's Keith Sar-
gent, another conference planner, sees the ses-
sions as providing more than just another op-
portunity for the personal contact and 
experience exchange with Government agency 
specialists that most meetings offer. As leader 

of the session on product warranty and contrac-
tor liability, Sargent is anxious to examine the 
impact of standards set by agencies other than 
the customer on the future engineering envi-
ronment in industry. 

EIA's contention is that "this is the first time 
the producers have invited the users from all 
levels of government to a mutual working con-
ference." Though that is not in dispute, one of-
ficial of an EIA member company on the east-
ern seaboard remains unconvinced of the need 
to send his engineers off to San Diego. "Why 
did they pick San Diego?" he asks. For IBM's 
D. R. Fox, another of the workshop planners, 
the answer seems obvious: "More and more 
Federal money is being spent by the states and 
cities, and California is spending more of it 
than anyone else." 
The combination of money, along with Cali-

fornia's legislative leadership in promulgating 
local environmental and safety controls, makes 
the Golden State a microcosm of what contrac-
tors may expect to encounter elsewhere in the 
nation, in the view of Fox and his colleagues. 

Who stands to lose 

Ironically, it may be the smaller electronics 
manufacturers—those who stand to benefit 
most from such a workshop series—that choose 
not to go. Yet the companies that cannot afford 
heavy staffs of Washington representatives, 
much less large in-house legal departments 
equipped to do battle in court with agencies 
such as OSHA, are among the most vulnerable 
to the changes now going on in government 
contracting at the Federal, state and county 
levels. 

For example, says Teledyne's Sargent, "if 
OSHA says 'stop,' that is exactly what they 
mean. They can stop work, and they can stop 
payments" if a contract is believed to be in vio-
lation of the Occupational Safety and Health 
Act. "How many companies," Sargent asks, 
"can afford to lose their cash flow for a month 
or more" on a major contract? The unspoken 
response is obvious. 
Such OSHA rulings and the economic chaos 

they can generate have been the exception 
rather than the rule thus far. But OSHA and 
other agencies not directly tied to the contract-
ing process are getting larger and more pow-
erful. Now engineering managers in the elec-
tronics industries have an opportunity to learn 
of contract requirements that, though outside 
their own disciplines, are certain to have an in-
creasing impact on their jobs and how they 
must do them. —Ray Connolly 
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S-D puts the 
accuracy back 

into 
high speed DVMs 
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DIGITAL MULTIMETER MODEL 7110 

ear__ 

FILE lit FOR EMIERGENil,-Y ÓNIX 

rI ir '10,1P VD, v., 
2.10 cl Ret1.1.11't 

00.170 LO 

MGR MOO else. 
C co  

..u, 
0 -eeteniere 

vaeo ,own .70 

sAMOC 

Make 30 accurate readings a second... 
even with noisy inputs 

Most DVM's offer no noise rejection without using input filters— 
and that limits them to 2 or 3 readings/second. But Systron-Donner's 

Model 7110A makes 30 readings/second with 60 dB ormal mode 
noise rejection without using filters. DC ac e presence 
of noise? Typically ±-0.005%. That' uses dual 
slope integration which pro j e ion without 

filters. Fully-guarded ruc d t input uts also 
help to kill noi pres of extrJ mals re-
quires 

Other 

•true r ts t any systems interfaces 

• DC vy icrovolt • ± 1,000 volt overload 
protecti&n s and ranges • true 4-wire DC ratio 
system in *field or factory expandable• 

At $1995 for the basic unit or $3,400 fully-loaded, Model 7110A 
outperforms DVMs costing much more. For immediate details, call 

collect on our Quick Reaction Line: (415) 682-6471, or contact 
your Scientific Devices office or Systron-Donner at 10 Systron 

Drive, Concord, CA 94518. Europe: Munich, W. Germany; Leaming-
ton Spa, U.K.; Paris (Le Port Marly) France. Australia: Melbourne. 

SYSTRON DONNER 

Albuquerque, (505) 268-6729; Baltimore, (301) 788-6611; Boston, (617) 894-5637; Burlington, NC (919) 228-6279; Chicago, (312) 297-5240; 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, (804) 499-8133; Orlando, (305) 841-8180, Philadelphia, (215) 825-9515; Phoenix, (602) 834-1682; Rochester, NY (716) 334-2445; San Antonio, (512) 694-6251; San 

Diego, (714) 249-6642; San Francisco area (415) 964-4230; Seattle, (206) 454-0900; St. Louis, (314) 842-2535; Syracuse, (315) 457-7420; Washington, DC area (703) 451-6500. 
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Electronics international  
SgnItmant developments n technology and bustness 

Japanese camera goes heavy 

on electronic controls 

An electronic shutter with contin-
uously variable speeds and an LED 
digital readout to display those 
speeds are among the features of 
one of Japan's smallest professional 
35-mm single-lens-reflex cameras, 
the 901, just announced by Fuji 
Photo Film Co. These functions are 
implemented by some of the most 
sophisticated electronics ever 
squeezed into a camera, including a 
multidigit monolithic light-emitting 
diode, a silicon solar-cell photosen-
sor, and three integrated circuits, 
one a 1,000-transistor c-rit OS chip. 

Display. Fuji replaces the vener-
able d'Arsonval meter by an appar-
ent four-digit monolithic LED dis-
play, cleverly designed to get by 
with only 11 bonded leads. The first 
digit, a standard seven-segment de-
sign that is 0.8 mm high but magni-
fied about five times by the view-
finder lens, has seven leads. The 
other three digits are small zeroes 
half the size of the first digit, and 
the 1 1 th lead goes to a bar over the 
second zero. 

The display shows the shutter 
speeds, measured in fractions of a 
second, 1,000, 500, 200, 100, 50, 30, 
10, 5, 2, and 1. Slower shutter speeds 
of 2, 5, 10, and 20 seconds are dis-
tinguished from the fractions by the 
fact that the bar over the second 
zero turns on. Actual variation of 
shutter speed is continuous. 
The bar over the second zero has 

another function as well. The com-
bination of the first zero and the bar 
indicates overexposure. It is used 
where exposures shorter than 0.001 
second would be required. 
The driver for this LED display is 

the c-mos LSI chip with the 1,000 or 
so transistors. Both the LSI and the 
display chip are made by Oki Elec-
tric Industry Co. Ltd. Input to the 
LSI unit is a 1-4-volt analog signal 
from the calculator IC. Sixteen com-
parators convert it to a 16-level sig-• 
nal corresponding to overexposure, 
the 14 speed indications, and under-
exposure—indicated merely by the 
20-second display. 

In addition to decoding and driv-

Innards. Integrated circuits control the continuously variable shutter and drive a 

LED display in $300 camera. 
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ing the proper digits, the driver LSI 
also varies the intensity of the dis-
play, over a range of about 16 to 1, 
as it changes indicated shutter 
speed. The third function of the 
driver LSI is to call attention to need 
to change the 6-v silver oxide bat-
tery. It does this by causing the dis-
play to blink. 
The same advanced engineering 

that goes into the display is incorpo-
rated in the measurement and shut-
ter control circuits. The sensor de-
vice is a fast-response blue-cell 
silicon solar battery type of device, 
operated with reverse bias. It fea-
tures a dark current in the order of 
10-13 amperes and an operating 
current that varies linearly with 
brightness over more than a seven 
orders of magnitude range. These 
characteristics eliminate the need to 
compensate for nonlinearity in sub-
sequent circuits and cannot be 
matched by the commonly used 
cadmium sulfide photoresistor. 

Shutter. The shutter IC includes 
an operational amplifier whose 
MOSFET input stage has the low in-
put current needed to match the sili-
con sensor and whose comparator-
output stage can handle the approx-
imately 5 milliamperes at 6 V, for up 
to 20 seconds, needed to actuate the 
shutter solenoid. Fuji will not reveal 
the manufacturer of this IC, but does 
add that the op amp has a sintered 
tantalum capacitor load, with a ca-
pacitance of several tens of micro-
farads, which acts as shutter 
memory while the exposure is being 
made. A memory is necessary be-
cause during exposure the camera's 
mirror is raised and no light reaches 
the sensor. 
When the shutter button is de-

pressed, the ground side of the ca-
pacitor is connected by switch D to 
a bias voltage dependent on lens 
aperture (see figure). This voltage is 
added algebraically to the voltage 
stored in the capacitor. Before 
blackout of the image in the view-
finder causes the shutter IC amp 
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output to change, though, switch C 
connects the other terminal of the 
capacitor to the amp input as 
memory input. At the same time, 
switch B converts the op amp to an 
integrator by connecting the ce-
ramic feedback capacitor between 
input and output terminals. This 
feedback capacitor cannot charge, 
though, because it is shorted by 
switch A. 
Another switch, E, closes the cir-

cuit to the solenoid that latches the 
second of two curtains in the focal-
plane shutter. The exposure period 
is the difference between the time 
the trailing edge of the first curtain 
passes and opens the shutter, and 
the time the leading edge on the sec-
ond curtain passes and closes it. 

Switch A, shorting the integrating 
capacitor, is opened just as leading 
edge of first curtain starts to move. 
The voltage of the integrator starts 
to rise at a rate proportional to the 
algebraic sum of the voltage initially 
stored on the integrating capacitor 
and the two bias voltages. When the 
integrator output voltages reaches a 
preset level, the comparator oper-
ates and the current through the so-
lenoid is interrupted. The second 
curtain is released and closes. 
The calculator IC, made by Tosh-

iba, incorporates two op amps. It 
monitors shutter IC output voltage 
before the shutter is actuated. It 
combines this voltage with biases 
representing film sensitivity and lens 
aperture to give analog voltage pro-
portional to shutter speed. 

The Netherlands 

Magnetism drives 

Philips recorders 

A problem that has plagued makers 
of cassette recorders has finally been 
solved: how to design a simple 
mechanism for driving the take-up 
reel at constant torque. The solution 
comes from Philips Gloeilampenfa-
brieken's Electro-Acoustics division 
in Eindhoven, the Netherlands. It is 
simply application of magnetism to 
replace the mechanical slip-friction 

Around the world 
Nuernberg Installs two-way cable TV 
In medieval Nuernberg, town criers spread the news, but now the city is 
turning to a more sophisticated method—two-way cable w. Not only does 
the CAN system transmit television and radio programs into homes, it can 
also be used for return transmissions from certain terminals back to the 
broadcast center for distribution to network subscribers. With two-way 
communications capability, the system's designers say, the Nuernberg 
cable network goes a step beyond those now proliferating all over Europe. 
A project of the communications firm Felten and Guilleaume Fernmel-

deanlagen GmbH and supported by $400,000 from the German Post Office, 
the network constitutes what the company terms "the first step toward a 
truly broad-band communications system." In addition to handling a max-
imum of 12 television programs and the same number of radio programs, 
the system could eventually be used to monitor children's playgrounds, to 
send data from bank branches to a main office, and to transmit readings 
from gas, electricity, and water meters to an accounting center. What's 
more, the system also allows within-city video-telephone communications. 

Military LED arrays use TV, mirrors 
British military authorities are experimenting with various ways of using 
light-emitting diodes to create displays in infrared night viewing systems. 
For one such system Plessey Co. has supplied strips of 30 yellow LEDS to 
Hawker Siddeley Dynamics Ltd., which is building a battlefield imager 
around them. [Electronics, p. 55, March 15, 1973]. Sequential mechanical 
scanning by multiple prisms turns a single diode strip into a rectangular dis-
play and the image is formed in a binocular lens. 
Another system, being developed by the Ministry of Defence, uses a strip 

of 192 red gallium-arsenide-phosphide LEDS made by Standard Telecom-
munication Laboratories Ltd., mrs British research laboratory. The STL ar-
ray will have television presentation. The scene is scanned by a strip of 
cadmium-mercury-telluride infrared detectors, each one of which feeds a 
LED through an amplifier. As the detectors scan across the scene, the LED 
brightness varies according to the highlights and shadows in the scene. 
Then, a scanning mirror will transfer the 192 simultaneously varying light 
levels to the face of a vidicon tube as 192 parallel lines. 

That means the image of the LEDS in the mirror must be reflected back 
past the LEDS to the face of the vidicon, which is mounted behind the array. 
The array strip is half an inch long—each diode is 50 micrometers square, 
and the spacing between diodes is 12.5 gm. The strip is mounted on a cop-
per heat sink attached to the "hub" point of a three-spoke "wheel" 5 
inches or so in diameter. 

coupling. The new magnetic-friction 
system makes possible close toler-
ances in recorder manufacture and 
retention of excellent friction prop-
erties during the lifetime of the 
recorder. As in any recorder, the 
prime requirement for proper play-
back and recording is uniform wind-
ing of the tape. To achieve this, the 
speed at which the reel rotates must 
be constantly adapted to the chang-
ing diameter of the tape on the reel. 
However, unevenly acting slip fric-
tion can cause more or less tight 
windings, and this sometimes leads 
to tape blocking—a problem even in 
special and carefully constructed 
cassettes. The magnetic approach 
virtually eliminates this problem. 

The drive system for new Philips 
tape recorders consists of a flywheel 
that is a rotating permanent magnet 
with its circumference surrounded 
by an independently mounted con-
centric steel strip, called a hysteresis 
strip, bonded to a plastic cover. A 
belt from the recorder motor turns 
the external plastic-and-steel con-
centric, and the resulting rotation of 
the magnet turns a shaft and pulley 
that presses against the recorder's 
take-up disk to drive it smoothly. 
When the motor is stopped, force of 
the magnetic coupling stops the tape 
smoothly. The plastic shell, which 
covers the entire drive mechanism, 
prevents loss of magnetism and pro-
tects the system from moisture. D 
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Dramatic new 
product opportunities ... 
yours with new 3C8 ferrites 
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The market is ripe for product breakthroughs. Just look, 
for example, at the growth of such items as the hand-
held calculator, small camera flashguns, ultra-mini porta-
ble radios and recorders. The key to these tremendous 
sales successes is high frequency power conversion 
circuits. 
And the key to still more efficient, high-frequency pow-

er conversion is Ferroxcube's new 3C8! 
This important new ferrite material gives significantly 

higher flux densities at higher temperatures, and lower 
losses at high excitation levels than any other magnetic 
core material. It is available in practical size cores for use 
up to kilowatt power levels. 
3C8 is already being used with great success in: in-

verters, battery chargers, fluorescent lamp ballasts, 

A 
strobe light devices for highway markers and harbor 
buoys, power oscillators, power amplifiers, ultrasonic 
generators. • 
In all of these circuits Ferroxcube's 3C8 material has 

led to greater efficiency, lower cost, less weight, and 
smaller sized units. In one power supply, for example, 
the size of the core was reduced from 13 lbs. at 60Hz to 
4 lbs. at 20,000 Hz and the volume from 35 to 9 Cu. inches 
—savings of 70 to 75%! 
Can 3C8 improve your present products or suggest 
new products and markets for your company? If you've 
got the imagination, we've got the core! Call 9146 
246-2811, TWX 510-247-5410 or write today. 
Ferroxcube linear ferrites—made in Saugerties, N.Y. 

and stocked in seven U. S. locations. 

IFIERRCIXCUBE CORPORATION, SAUGERTIES, N. Y. 12477 
A NOR I II 'WI RICAN II HUI'S OMPANY 

Distributed through North American Philips Electronic Components Corporation with warehouses in Boston. 617.449-1406. New York. 516.538-2300; 
Saugerties. 914.246-5881; Philadelphia. 215.927-6262, Chicago. 312.593-8220. Santa Clara. 408.249-1134. San Diego. 714.453-9250 

16404 
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International newsletter   

French TV sets 

will have new 

picture tubes 

Color-Tv sets with a new generation of picture tubes will hit the French 
market next year. Both RTC-La Radiotechnique-Compelec and Video-
color SA plan to be in production by then with tubes that have in-line 
electron guns, vertical-line screens, and slit-aperture shadow masks. 
RTC, a Philips subsidiary, will use a thick-neck 110° tube and offer 
screen sizes of 18, 22, and 26 inches. Videocolor, a joint venture of 
Thomson-Brandt and RCA, will use a 90° thin-neck tube and initially 
offer only a 21-inch size. Both tubes will come with factory-aligned de-
flection systems, since there is no need for dynamic convergence cir-
cuits with either one. 

Plessey lands Plessey Co. has contracted to supply core-memory modules worth 
Japanese order for more than $2.5 million during the next 12 months to the Japanese 

minicomputer maker Old Electric Industry Co. for use in the corn-
core memories pany's Okitat 4300 machine. This contract marks Plessey's first big 

memory sale in Japan. The module will have 8,192 18-bit words and 
650-nanoseconds cycle time. It's a single board, measuring 17 by 12 
inches. Plessey says that this is smaller than similar modules offered by 
Japanese memory makers—and was an important reason why Plessey 
got the order. 

C I T-A Icatel, Plessey CIT-Alcatel of France and Plessey Telecommunications Ltd. of Britain 

to develop plan to develop a large-scale, fully digital PCM telephone-switching sys-
tem using CIT's digital switching know-how and Plessey's expertise in 

PCM phone system computer control of communications systems. The starting points are 
CIT's type E-10 PCM switching module designed to handle up to 10,000 
or 15,000 lines and Plessey's System 250 multiprocessor communi-
cations controller, introduced nearly two years ago [Electronics, Elec-
tronics International, July 3 1972]. So far, Plessey has one large order 
from the British Army for System 250 and several small orders. Com-
bining the technologies and developing out of them larger local and 
trunk exchange systems will probably take two or three years and cost 
up to $20 million. 
The E-10 is an all-electronic time-division system controlled by small 

computers that can be linked in series to form larger capacity transit-
type exchanges. For large exchanges, the French government tele-
communications development agency, CNET, is currently working on a 
similar system, code-named E-12, controlled by a single large computer 
and capable of handling up to 50,000 lines. In fact, CIT's rival, ITT sub-
sidiary Compagnie Générale de Constructions Téléphoniques, already 
has a working prototype in operation and is hoping to beat Ch-Alcatel 
for French orders. 

Right now the E-10 unit uses hard-wired-logic control, but new soft-
ware for the System 250 will replace this and timed storage may re-
place the present bipolar gates as the time-switching method. And, to 
make the overall system acceptable for many export markets, a new 
analog-switching, small local exchange capable of PCM input and out-
put to the large unit has to be developed. Plessey, however, is going 
into the project aware that its not likely to make any money out of sales 
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(Parts, Accessories and Materials) 

National Stamping Co., 630 St. Jean St., 
Detroit, Mich. 

O'Neil-Irwin Mfg. Co., 316 8th Ave., S. 
Minneapolis, Minn. (See page 170.) 

Parish Pressed Steel Co., Robinson & 
Neiser Sts., Reading, Pa. 

Parisian Novelty Co., Western Ave. at 
35th St., Chicago, 

Patton-Mac Guyer Co., Baker St. & Vir-
ginia Ave., Providence, R. I. 

Peck Spring Co., Plainville, Conn. 
Permoflux Corp., 4916 W. Grand Ave., 

Chicago, Ill. 
Pheoll Mfg. Co., 5700 Roosevelt Rd., Chi-

cago, Ill. 
Plume & Atwood Mfg. Co., 470 Frank St., 

Waterbury, Conn. 
Powell Pressed Steel Co., Hubbard, Ohio 
Prentice Mfg. Co., G. E., New Britain 

Ave., New Britain, Conn. 
Pressed Steel Co., Wilkes-Barre, Pa. 
Raymond Mfg. Co., Div. of Associated 

Spring Corp., 226 S. Center St., Corry, 
Pa. 

Reliable Spring Co., 3167 Fulton Rd.. 
Cleveland, Ohio 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York, N. Y. 

Rockwood Sprinkler Co., 50 Harlow St., 
Worcester, Mass. 

Saginaw Stamping & Tool Co., Saginaw, 
Mich. 

Scorill Mfg. Co., 99 Mill S2., Waterbury, 
Conn. 

Sessions & Sons, J. H., Bristol, Conn. 
Sherron Metallic Corp., 1201 Flushing 

Ave., Brooklyn, N. Y. (See page 150 ) 
Standard Pressed Steel Co., Jenkintown, 

Pa. 
Stanley Works, New Britain, Conn. 
Steel & Tubes, Inc., 250 E. 131st St., 

Cleveland, Ohio 
Stimpson Co., Edwin B., 74 Franklin Ave., 

Brooklyn, N. Y. 
Swanson Machine Co., Jamestown, N. Y. 
Thomas & Skinner Steel Products Co.. 

1120 E. 23d St., Indianapolis, Ind. 
Titchener & Co., E. H., Walnut St., & Erie 

R. R., Binghamton, N. Y. 
Transue & Williams Steel Forging Corp., 

562 W. Ely St., Alliance, Ohio 
Truscon Steel Co., Pressed Steel Div. 

6100 Truscon Ave., Cleveland. Ohio 
Union Spring & Mfg. Co., New Kensing-

ton, Pa. 
United Carr Fastener Corp., Cambridge, 

Mass. 
United Screw & Bolt Corp., 2513 W. 

Cullerton St. Chicago, Ill. 
U. S. Indestructible Gasket Co., 829 E. 

15 St., Brooklyn, N. Y. 
Veeder-Root, Inc., 63 Sargeant St., Hart-

ford, Conn. 
Victor Mfg. & Gasket Co., 5750 W. Roose-

velt Rd., Chicago. Ill. 
Waterbury Button Co., sn S. Main St., 

Waterbury, Conn. 
Webster-Chicago Corp., 5622 Bloomingdale 

Ave., Chicago, Ill. 
Western Cartridge Co., East Alton, Ill. 
Whitehead Stamping Co., 1661 W. La-

fayette Blvd., Detroit, Mich. 
Wilcox, Crittenden & Co., Middletown, 

Conn. 
Worcester Pressed Steel Co., 100 Barker 

Ave., Worcester, Mass. 
Wrought Washer Mfg. Co., 2223 S. Bay 

St., Milwaukee, Wis. 
Youngstown Pressed Steel Co.. Warren 

Ohio 

Stands  
MICROPHONE STANDS 

Allied Radio Corp., 833 W. Jackson Blvd., 
Chicago, Ill. 

American Microphone Co., 1915 S. West-
ern Ave., Los Angeles. Cal. 

Amperite Co., 561 Broadway, New York. 
N. Y. 

Art Specialty Co., 3245 Lake St.. Chi-
cago, Ill. 

Astatic Corp., 830 Market St., Youngs-
town. Ohio 

Atlas Sound Corp., 1442 39th St., Brook-
lyn, N. Y. 

Braun, Inc., W. C., 601 W. Randolph St.. 
Chicago, Ill. 

Bud Radio, Inc., 2118 E. 55th St., Cleve-
land, Ohio 

Eastern Mike-Stand Co., 56 Christopher 
Ave., Brooklyn, N. Y. 

Electrical Sound Engineering Co.. 5303 
Kenilworth Ave.. Baltimore. Md. 

Electro-Voice Mfg. Co., 1239 South Bend 
Ave.. South Bend. Ind. 

Halldorson Co., 4500 Ravenswood Ave., 
Chicago, Ill. 

1942-1943 BUYER'S GUIDE for the 
Lifetime Corp., 1101 Adam:- St., Toledo, 

Ohio 
Meek Industries, John, 1313 W. Randolph 

St., Chicago, Ill. 
National-Dobro Corp., 400 S. Peoria St.. 

Chicago, Ill. 
Newcomb Audio Products Co.. 2815 S. 

Hill St., Los Angeles, Cal. 
Operadlo Mfg. Co., 13th and Indiana Sts.. 

St. Charles, Ill. 
RCA Mfg. Co., Camden, N. J. 
Simpson Mfg. Co., Mark. 188 W. Fourth 

St., New York, N. Y. 
Turner Co., Cedar Rapids, Iowa 
Universal Microphone Co.. Centinela at 

Warren Lane, Inglewood. Cal. 

SPEAKER STANDS 
Art Specialty Co., 3245 Lake St.. Chi-

cago, Ill. 
Atlas Sound Corp., 1442 39th St., Brook-

lyn, N. Y. 
Erwood Sound Equipment Co.. 223 W. 

Erie St., Chicago, Ill. 
Lifetime Corp., 1101 Adams St., Toledo. 

Ohio 
Meek Industries, John. 1313 W. Ran-

dolph St., Chicago, Ill. 
Million Radio & Television Laboratories. 

1617 N. Damen St., Chicago, Ill. 

Steel  
ELECTRICAL STEEL—Sec Metals 

Strips  
TERMINAL STRIPS—see Pi».ts 

Switches  
LIMIT SWITCHES 

Ele.•tronic Control Corp., 626 Harper Ave., 
Detroit, Mich. 

Photoswitch, Inc., 21 Chestnut St.. Cam-
bridge, Mass. 

United Clnephone Corp., Torrington. Conn. 

ROTARY and BAND CHANGE SWITCHES 

A inerkan Automatic Electric Sales Co., 
1033 W. Van Buren St., Chicago, Ill. 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne St., Hartford, Conn. 

Autocall Co., 1142 Tucker Ave., Shelby, 
Ohio 

Centralab, 900 E. Keefe Ave., Milwaukee, 
Wis. 

Chicago Telephone Supply Co.. 1142 W. 
Beardsley Ave., Elkhart. Ind. 

Daven Co., 158 Summit St.. Newark. N. J. 
General Electric Co., Appliance and Mer-

chindise Dept., Bridgeport, Conn. 
Guardian Electric Mfg. Co.. 1621 W. Wal-

nut St., Chicago, Ill. 
Hart Mfg. Co., 110 Bartholomew Ave.. 

Hartford, Conn. 
JBL Instrument Co., Darby. Pa. 
Lewis Engineering Co., 52 Rubber Ave.. 

Naugatuck, Conn. 
Mallory & Co., P. R., 3029 E. Washington 

St., Indianapolis. Ind. (See page 50.) 
Meissner Mfg. Co, Mt. Carmel. Ili. 
New England Radiocrafters, 1156 Com-

monwealth Ave., Brookline, Mass. 
Ohmite Mfg. Co., 4835 W. Flournoy St., 

Chicago, Ill. (See page 39.) 
Sensitive Research Instrument Corp., 4545 

Bronx Blvd., New York, N. Y. 
Shallcross Mfg. Co., 10 Jackson Ave.. 

Collingdale, Pa. 
Tagliabue Mfg. Co., C. J.. Park & 

Nostrand Ave., Brooklyn, N. Y. 
Triplett Electrical Instrument Co., 135 E. 

College Ave., Bluffton. Ohio 

TOGGLE. PUSHBUTTON and MICRO 

SWITCHES 

Acro Electric Co., 3167 Fulton Rd., 
Cleveland, O. 

Arrow-Hart & Hegeman Electric Co.. 103 
Hawthorne St., Hartford, Conn. 

Cutler-Hammer, Inc., 1401 W. St. Paul 
Ave., Milwaukee, Wis. 

General Electric Co., Appliance and Mer-
chandise Dept., Bridgeport, Conn. 

Hart Mfg. Co., 110 Bartholomew Ave., 
Hartford, Conn. 

Mallory & Co., P. R., 3029 E. Washington 
St., Indianapolis, Ind. (See page 50.) 

McDonnell & Miller, Wrigley Bldg., Chi-
cago, Ill. 

Micro Switch Corp., Freeport, III. 
Minneapolis-Honeywell Regulator Co.. 

2712 Fourth Ave., S., Minneapolis, 
Minn. 

Alu-Switch Corp., 38 Pequit St.. Canton, 
Mass. 

Stackpole Carbon Co., Tannery St., St. 
Marys, Pa. 

Tech Laboratories, 7 Lincoln St., Jersey 
City, N. J. 

Wirt Co., 5221 Greene St., Philadelphia. 
Pa. 

TIME SWITCHES 

American Timer Corp., Geneva, III. 
Anderson Mfg. Co., Albert & J. M., 305 

A St., Boston, Mass. 
Automatic Electric Mfg. Co., 729 S. Front 

St., Mankato, Minn. 
Bacon Electric Timer Corp., 4513 Brook-

lyn Ave., Cleveland, Ohio 
Cleveland Time Clock & Service Co.. Su-

perior Ave. at E. 27th St., Cleveland, 
Ohio 

Cramer Co., R. W., Centerbrook. Conn. 
(See page 169.) 

Eagle Signal Corp., Moline, Ill. 
Electric Controls Corp., 68 Murray St.. 

New York, N. Y. 
Fernwall, Inc., Ashland, Mass. 
Frober-Faybor Co., Chagrin Falls, Ohio 
General Electric Co., Schenectady, N. Y.. 
Industrial Engineering Corp., Evansville. 

Ind. 
Industrial Instrument Co., 2249 14th St.. 

S.W., Akron. Ohio 
Mercoid Corp., 4201 Belmont Ave., Chi-

cago, Ill. 
Minneapolis-Honeywell Regulator Co.. 

2712 Fourth Ave., S., Minneapolis. 
Minn. 

Northwestern Clock Co., Brown Bldg.. 
Omaha, Neb. 

Paragon Electric Co., 37 W. Van Buren 
St., Chicago, Ill. 

Penn Electric Switch Co., Goshen, Ind. 
Reliance Automatic Lighting Co.. 1931 

Mead St., Racine, Wis. 
Rhodes, Inc., M. H., 30 Bartholomew Ave.. 

Hartford, Conn. 
Sanganto Electric Co., Springfield. Ill. 
South Bend Current Controller Co.. 2038 

River Pk., South Bend, Ind. 
States Co., 19 New Park Ave., Hartford,. 

Conn. (See page 165.) 
Swartzbaugh Mfg. Co.. 1336 W. Bancroft 

St., Toledo, Ohio 
Thomas Clock Co., Seth, Main & Trott Sts.,. 

Thomaston, Conn. 
Thompson Clock Co., H. C., 38 Federal 

St., Bristol, Conn. 
Tork Clock Co., 31 South St.. Mount 

Vernon, N. Y. 
Wadsworth Electric Mfg. Co.. 20 W. 11th 

St., Covington, Ky. 
\Valser Automatic Timer Co., 420 Lex-

ington Ave., New York. N. Y. 
Ward Leonard Electric Co., 31 South St.. 

Mount Vernon, N. Y. 
Westinghouse Electric & Mfg. Co.. East 

Pittsburgh, Pa. 
Zenith Electric Co., 845 S. Wabash St., 

Chicago, Ill. 

Tape  
CELLULOSE TAPE 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago, Ill. 

Minnesota Mining & Mfg. Co., 900 
Faurynier Ave., St. Paul, Minn. 

COTTON or SILK TAPE 

Anchor Webbing Co., 1005 Main St., Paw-
tucket, R. I. 

Carolina Narrow Fabric Co., 1036 N. 
Chestnut St., Winston-Salem. N. C. 

Elizabeth Webbing Mills, Pawtucket, R. I. 
General Electric Co., Schenectady, N. Y. 
Hope Webbing Co., Providence. R. I. 
Insulation Manufacturers Corp., 565 W. 

Washington Blvd.. Chicago, Ill. 
Krout & Fite Mfg. Co., Allegheny Ave. & 

Emerald St., Philadelphia, Pa. 
Lambeth Pope Corp., New Bedford, Mass. 
Linton & Bro., Horace, 3081 Ruth St., 

Philadelphia, Pa. 
Mica Insulator Co., 200 Varick St., New 

York, N. Y. (See page 100.) 
Priscilla Braid Co., 1309 Broad St., Cen-

tral Falls, R. I. 
Sidebotham, Inc., John, 4317 Griscom St.. 

(Frankford) Philadelphia, Pa. 
Westinghouse Electric & Mfg. Co.. East 

Pittsburgh, Pa. 

VARNISHED TAPE 
Aeme Wire Co.. 1255 Dixwell Ave.. New 

Haven, Conn. 
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International newsletter   

in its domestic market. That's because Plessey's chance of profit de-
pends on use of System 250, and the British Post Office has selected a 
rival GEC processor for future stored-program exchange control. So far, 
the most BP0 has offered is to consider the switch module—when it's 
ready for possible use with the GEC processor. 

Paris' new airport The swankiest new airport in Europe is undoubtedly Roissy/Charles 
de Gaulle, just north of Paris. But air-traffic controllers for the Paris re-

is site of gion are deeply concerned over the new ATC plan that went into effect 
air-traffic squabble when the new airport went into service in mid-March. The controllers 

say that the new plan cuts safety margins to the bone. Although they 
don't fault the Thomson-CSF radar equipment itself at Roissy, the con-
trollers claim that it was too hastily installed and still needs much ad-
justment to cut out blind spots and fixed echos. The pilots, too, are wor-
ried, and their union is clamoring for a new traffic plan—fast. 

Milan anti-tank missile The first electronic weapons system in a series of joint German-French 
missile development projects is now entering the mass production stage. 

heads toward The system, called Milan, is an anti-tank missile for infantry use, 
mass production 10,000 of which will be made by France's Aerospatiale and West Ger-

many's Messerschmitt-Boelkow-Blohm, the two Milan developers. 
Also part of the government contract are 200 launchers and associated 
training equipment. The 25-pound Milan system is a second-generation 
anti-tank missile with manual aiming but with fully automatic guidance 
to the target. Its maximum range is about 2,000 yards. Other joint MBB-
Aerospatiale missile systems, which are now being troop-tested, are the 
Hot anti-tank missile for firing from vehicles and helicopters, and Ro-
land, a missile against low-flying aircraft. 

Another U.S. company Taking advantage of what the firm calls "an interesting dollar-mark ex-
change parity", West Germany's Siemens AG is strengthening its toe-

bought by Siemens hold in the U.S. electronics market by acquiring companies. Following 
last year's purchase of the New Jersey-based test equipment maker 
Computest Corp. is this month's acquisition of the Dickson Electronics 
Corp., a 1,300-man components company in Scottsdale, Ariz., for 
which Siemans paid $8.7 million. 

Philips tests Culminating several years of development work at Philips Gloeilam-
penfabrieken is a video telephone network linking some 65 subscribers 

video telephone net in the Netherlands. The trial network, which extends over more than 
200 miles, is to be used for studying methods of transmission, design of 
exchanges and the potential of the video telephone as a new means of 
communications. In the 325-line, 1-megahertz system all signals except 
the video pulses are transmitted in digital form within the blanking peri-
ods. In contrast to the six- and eight-wire Picturephone system in the 
U.S., the Dutch network uses only four wires. Other advantages, a Phil-
ips researcher says, are the system's high audio quality and the greater 
flexibility that digital transmission affords. 
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ACDC ANNOUNCES THE GRAND OPENING OF OUR NEW 
HIGH EFFICIENCY POWER SUPPLY. 

• 

Ill MI IN Sal Mill NIB 11111 

1111 
7141111 

We've opened it up to give you an inside look at things 
like the modular construction that adds to reliability 
and simplifies circuit check out.., the low voltage drop, 
high speed rectifiers that combine the best elements of 
reliability, speed and low forward voltage drop... the 
low impedance output capacitors that reduce high 
frequency ripple to about 5mV peak-to-peak...and the 
sealed input EMI filter that minimizes conducted RFI. 

These 20KHz inaudible switchers operate from 115/ 
230VAC, 47-63Hz or from 150VDC with 70% efficiency 
and 0.1% regulation. (100VAC also available). 
Overvoltage and overload protection is standard and 
EMI is minimized by shielding and filtering. (We even 
offer an optional built-in filter for compliance with 
Mil-Std 461, CE03). You get low inrush on turn on for 
soft start and can parallel up to six switchers in master-
slave configuration. 

There are 10 models in this new series. Five 300 watt 
models range from 5V at 60A to 24V at 14A. Five 500 
watt models range from 5V at 100A to 24V at 23A. 
They're all in our new brochure. Just circle 
the reader service number and we'll get a 
copy to you right away. However, if you 
would like a copy of our 64-page cata-
log contai ni ng information and tech-
nical data on our complete line, fill-
out the coupon or write to us on your 
company letter- 'it head. 

Name 

Company Name 

Address 

Cny State Z,p Code 

acdc electronics Inc 
Oceanside Industrial Center Oceanside, CA 92054 (714) 757-1880 
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MOS breakthrough... from MOSTEK 

the 4K RAM 
in a 16-pin 
package! 



MOSTEK's 
4K RAM is No.I 
in ease of use, 
performance, 
and volume 
availability 

MOSTEK's top design and 
process engineers worked 
nearly three years to produce 
a 4096-bit RAM with the 
optimum combination of ease 
of use, performance, and 
volume availability. The 
MK4096P is the result. 

Easy to use. Most 
important, the MK4096P was 
designed to a 16-pin dual 
in-line configuration, enabling 
memory engineers to achieve 
the greatest possible memory 
storage in the smallest area. 
For example, using 
conservative PCB layout rules, 
the 16-pin package can 
provide 56% more memory 
storage per unit area than the 
alternate 22-pin package; 
83% more using more dense 
PCB layouts. 
Other design advantages 

include: 
• readily available automatic 
insertion equipment can be 
used in board assembly 

• voltage pins are located on 
the corners to simplify 
PCB layout 
• all inputs including clocks 
are directly TTL compatible 
with low capacitance of 
8 picofarads 
• outputs are TTL compatible, 
three state 
• the circuit is extremely 
tolerant of noisy system 
environments 

Performance. 
MOSTEK's MK4096P features 
an access time of 350 nsecs 
and read or write cycle times 
of 500 nsecs. Active power is 
under100 1£W/bit. Refresh time 
for each of the 64 row ad-
dresses is 2 milliseconds. All 
specifications are guaranteed 
over a temperature range of 
0° to +70°C. 
Volume availability. A 

major MOSTEK design goal 
was to make the MK4096P a 
high-yield, mass-producible 
MOS circuit. To accomplish 
this, a special N-channel self-
aligned gate, polysilicon-inter-
connect process was devel-
oped to eliminate all contacts 
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from the storage matrix. Also, 
the single transistor cell 
design markedly reduces 
chip size. Design layout rules 
were intentionally conserva-
tive to allow for further 
manufacturing efficiencies. 

MOSTEK's capability in 
volume RAM production is 
proven by past production 
experience. MOSTEK is now 
one of the largest producers 
of MOS RAMs, having 
delivered a total of over 2 
billion bits. The present RAM 
production level is over 250 
million bits per month. 
Want to know more? Then 

call your local MOSTEK 
distributor or representative or 
contact MOSTEK, 1215 West 
Crosby Road, Carrollton, 
Texas 75006, (214) 242-0444. 

MOSTEK 

MOSTEK moves forward...in memories. 

e 
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Beckman Electronic Component Distributors 

EASTERN 
REGION  

Arrow/Angus 
P.0 Box 126 
Moorestown, N J 
(609) 235-1900 
(215) 928-1800 

Arrow Electronics 
5207 East Dr 
Baltimore. Md 
(202) 737-1700 
(301) 247-5200 

Arrow Electronics, Inc. 
900 Route 110 
Farmingdale, N Y 
(516) 694-6800 

Arrow Electronics. Inc. 
295 Treadwell St 
Hamden. Conn 
(203) 248-3801 

Arrow Electronics, Inc. 
No. 15 A Street 
Burlington. Mass. 
(617) 273-0100 

Arrow Electronics, Inc. 
285 Midland Ave 
Saddle Brook. N J 
(201) 797-5800 

Harvey R 8 D Electronics 
44 Hartwell Ave 
Lexington. Mass 
(617) 861-9200 

Kierultt Electronics. Inc. 
49 Bestpage Rd 
Hicksville. N.Y. 
(516) 433-5530 

Kierultt Electronics, Inc. 
5 Industrial Dr 
Rutherford. NJ 
(201) 935-2120 

Lynch-Gentry 
Associates, Inc. 
1932 Drew Street 
Clearwater. Fla 
(813) 443-2697 

Lynch-Gentry 
Associates, Inc. 
3470 Bowman Dr 
Winter Park. Fla. 
(3051 671-7649 

Marshall Industries 
G. S. Marshall Products 
Group 
88 Needham St. 
Newton Highlands. Mass 
1617) 965-5115 

Marshall Industries 
G. S. Marshall Products 
Group 
230 Sherwood Ave. 
Farmingdale. LI.. N.Y. 
(516) 293-4141 

M & C Sales 
1106 Burke St. 
Winston-Salem, N.0 
(919) 723-1001 

M & C Sales 
904 Bob Wallace Ave. 
Huntsville, Ala. 
(205) 539-8476 

Ossmann Component 
Sales Corp. 
395 Cleveland Dr 
Buffalo. N Y 
(716) 832-4271 

Ossmann Component 
Sales Corp. 
411 Washington Ave. 
Kingston, N.Y 
(914) 338-5505 

Ossmann Component 
Sales Corp. 
280 Metro Park 
Rochester, N.Y. 
(716) 442-3290 

Ossmann Component 
Sales Corp. 
132 Pickard Building 
Syracuse, N.Y 
(315) 454-4477 

Ossmann Component 
Sales Corp. 
1911 Vestal Parkway East 
Vestal, N.Y. 
(607) 785-9949 

CENTRAL 
REGION  
Magnuson Electronics 
2420 Oakton St 
P.0 Box 130 
Mount Prospect, Ill. 
(312) 956-0700 

Magnuson Electronics 
1246 West 7th St 
St Paul. Minn 
(612) 227-8495 

Norvell Electronics 
10210 Monroe Dr. 
Dallas. Tex. 
(214) 350-6771 

Norvell Electronics 
6440 Hillcroft Ave 
Houston. Tex. 
(713) 774-2568 

Norvell Electronics 
3340 S Memorial Dr 
Tulsa. Okla 
(918) 663-1247 

Sheridan Sales Co. 
Box 37826 
Cincinnati. Ohio 
(513) 761-5432 

Sheridan Sales Co. 
Box 4457 
Cleveland, Ohio 
(216) 524-8120 

Sheridan Sales Co. 
Box 423 
Dayton. Ohio 
(513) 277-8911 

Sheridan Sales Co. 
33708 Grand River Ave 
Farmington, Mich. 
(313) 477-3800 

Sheridan Sales Co. 
P 0 Box 677 
Florissant, Mo 
(314) 837-5200 

Sheridan Sales Co. 
Suite 5009 
1717 Penn Ave. 
Wilkunsburg. Penn. 
(412) 244-1640 

WESTERN 
REGION  

Almac/Stroum Electronics 
8888 SW. Canyon Rd 
Portland. Ore 
(503) 292-3534 

Almac/Stroum Electronics 
5811 Sixth Ave. South 
Seattle. Wash. 
(206) 763-2300 

Marshall Industries 
G. S. Marshall Products 
Group 
5633 Kendall Court 
Arvada. Colo 
(3031 423-9670 

Marshall Industries 
G. S. Marshall Products 
Group 
835 W 22nd Street 
Tempe, Ariz 
(602) 968-6181 

Marshall Industries 
G. S. Marshall Products 
Group 
9674 Telstar Ave 
El Monte. Ca 
(213) 686-0141 

Marshall Industries 
G. S. Marshall Products 
Group 
8057 Raytheon Rd 
San Diego. Ca 
(714) 278-6350 

Marshall Industries 
G. S. Marshall Products 
Group 
788 Palomar Ave 
Sunnyvale. Ca 
(408) 732-1100 

Wyte Distribution 
Group: 

Elmer Electronics 
6777 East 50th Avenue 
Commerce City. Colo 
(303) 287-9611 

Elmar Electronics 
2288 Charleston Road 
Mountain View. Ca 
(415) 961-3611 

Liberty Electronics 
124 Maryland Street 
El Segundo. Ca 
(213) 322-8100 

Liberty Electronics 
3130 North 27th Avenue 
Phoenix. Ariz 
1602) 257-1272 

Liberty Electronics 
8248 Mercury Court 
San Diego. Ca. 
(7141 565-9171 

Liberty Electronics 
5305 Second Avenue South 
Seattle. Wash 
(206) 763-8200 

• 
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For breadth 
of line in microcircuits 

or in information, 
hit the right books. 

Reliable, at-hand sources are some of the good things in 
life. Like the encyclopedia, for compact information. And, 

to more and more electronic designers. Beckman for our 
broad line of high-quality hybrid microcircuits at 
competitive prices. 

Our distributors are a main reason. All around the country. 
they're stockpiled with the full line of standard hybrids, as 
well as with our industry-leading DIP resistor networks, 

trimmers, dials and pots. So they can offer delivery as 
fast as any in the industry, and usually faster. 

Typical Beckman standards include universal active fil-
ters, for example. And telephone tone frequency filters. 
Precision ladder networks. Four-quadrant multiply-
ing DACs. Successive approximation ADCs. High-power, 
high-slew FET input Op Amps. High-reliability MIL voltage 
regulators. And dual -tracking voltage regulators. 

Our custom hybrid service is also something to turn to. 
Because we produce custom alterations or new products 

in infinite variety. To time schedules few others can meet. 
We either build to customer design and specs or supply 
the design help when needed. 

Typical custom units are modem and tone frequency fil-
ters. Entertainment system hybrid DACs and equalization 
filters. Custom display substrates (calculators, watches). 
Medical diagnostic timing and control functions. MIL-per-
formance log amps, regulators, DACs, ADCs, and many 
others. 

The point is, as a hybrid source. the Beckman line and 
distributor system are front-runners. For high quality and 
fast delivery. For competitive price and thorough service 
—including even a toll-free telephone express system to 
get literature to customers in just days. (Call toll-free 800-
437-4677.) It's no wonder thousands of designers 

think of the Beckman catalog as 
a "most-valued reference work:' 

Beckman'' 

HELIPOT DIVISION 
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When you deal with Piher you know you are dealing 
with one of Europe's foremost component manufac-
turers — and that's important to you, the customer. 
Because we only manufacture for you. No question of 
giving you long delivery dates because we divert com-
ponents for our own product lines. We haven't any. 
Our component manufacture is for you — totally. 

We have a wide range of high quality components — at 
really competitive prices. Demand for our carbon film 
resistors, for instance, is so high that our current 
production is committed months ahead. Our new manu-
facturing plant in the U.S.A.—operational early in 1974 — 
will help speed resistor deliveries. But we have other, 
shorter-term delivery components available. Trimmer, 

spindle and rotary potentiometers, semi-conductors, 
ferrites, capacitors— all high quality items. 

Send for our data sheets if you want to be kept in touch 
with the Piher range. Find out more about us, it pays. 

PIHER 
Head Office—Spain - Riera Cariadó, s/n. Apartado de Correos 53, 
Badalona (Barcelona) Spain. Tel: 389 03 00. Telex: 59521 

PIHER International Corp. 1239 RAND ROAD, DES PLAINES, ILLINOIS 60016. Tel: 312-297 1560. Telex 282514 
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Souped up 
recorders 
at low 
octane 
prices 

For all kinds of sensitive chart recording at sensible 

prices, Esterline Angus servo recorders give you more 
of what you need to win the data grand prix or Saturday 

night dirt track enduro. Solid reliability is the heritage 

of 70 years of top performance power instrumentation. 
Great sensitivity and response speed is the modern 
edge. Check us out! 

Behind each winner a family 

You're looking at the iceberg's tip. The newest low-cost 

Miniservo line of 10 cm servo recorders comes in bench, 
rack, panel, and original equipment models. One beauty 
gives 8 speeds, 5 spans and sells at a price competitive 

to any recorder on the market today. Speed Servo II ink-

less or ink 10" (25.4 cm) recorders offer hundreds of 

variations and options, basic sensitivity of 500 0/ and 

response speed better than 0.3 sec. Multi-channel cham-
pion is the Multipoint, ink or inkless, 24 channels—very 
simply the most reliable unit of its type. 

Ask for Servo recorder catalog package S-1 from 

Esterline Angus, Box 24000, Indianapolis, Indiana 46224. 
Tel. 317/244-7611. 

ESTERLIN 

A UNIT OF ESTERLINE 'CORPORATION 
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SINGLE-TURN CERMET I TRIMMING 
POTENTIOMETER 
• VASTLY IMPROVED 
ADJUSTABILITY 
• TWELVE TERMINAL 
STYLES 
• SEALED FOR WAVE 
SOLDERING 

Meet Bourns new Model 3386, a product that both 
buyer and engineer can love . .. with super adjust-

ability that makes for easy, accurate trimming, AND 
at a budget balancing price. Most importantly, it's 
a BOURNS product . . . and that means QUALITY 
and PERFORMANCE you can believe-in, and 

SERVICE you can depend-on. 

"QUALM 
SERVICE 
VALUE 

actual size 

In production 

quantities 

SIGNIFICANT SPECIFICATIONS 

• typical CRV less than 1%• infinite resolution • TC 

of ±-10OPPM/' C to 200K ohms • power of .5 watt 
at 85°C • thin 3/8 " square size 

For complete details, contact your local Bourns 
representative or distributor, or the factory direct. 7BOX7R1\l'S 

TRIMPOT PRODUCTS DIVISION • 1200 COLUMBIA 
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Probing the news  
Analys,s ot technology and business developments 

Recession? Not for 
U.S. electronics firms 
From coast to coast, billings and bookings are 

up as companies carry out expansion plans 

"Everyone seems to be waiting for 
the other shoe to drop, and it isn't 
dropping." The other shoe in this 
case is the much-forecast, much-
talked-about recession. That obser-
vation by John Buchholz, senior 
vice president at Bunker-Ramo 
Corp., sums up neatly the feelings of 
officials of the electronics industries 
as they navigate boldly through an 
unsettled economy. 

Buchholz sees "no reason at this 
point in time for any pessimism," a 
view that is subscribed to from coast 
to coast. Comments about business 
so far this year range from National 
Semiconductor's "absolutely un-
believable" to Hewlett-Packard's 
"very good." And even where a late-
year decline in the growth rate is 
predicted, many company planners 
tend to exclude themselves. 

Fueling the optimism is the 
healthy state of bookings and bil-
lings. For example, Buchholz says 
that Amphenol Connector divisions' 
booking-billing ratio, compared to 
the first quarter of 1973, is 10% to 
15% stronger. "In the Amphenol di-
visions, everything in the United 
States is going according to our 
plans of last fall. Business is very 
solid," he says. This far into the 
year, domestic connector business 
for Amphenol is 5% to 10% better, 
Buchholz notes, "and business in 
Europe is running better than we 
had expected." 
On the West Coast, National 

Semiconductor's vice president of fi-
nance, John Hughes, says the com-
pany is "booked heavily into 1975." 
The firm had third-quarter sales of 
$66 million, up from $22 million the 
previous quarter, and, says Hughes, 
"We'll more than double that fig-
ure" in the fourth quarter. 

With experts predicting a boom 
in the test and measurement indus-
try, Tektronix Inc. reports a 28% in-
crease in the order rate for the first 
two quarters (through April) of this 
fiscal year over that of the first two 
quarters of last year. The sales fig-
ure is up 41%, while backlog has 
leaped 70%. 

This whole year, says Richard 
Reisinger, development manager, 
"is going to be as good or better 
than" last. He admits that "for some 
time, our corporate management ex-
pected a slowdown in the economy, 
and we are seeing it. But we ex-
pected it to have more of an impact 
on Tektronix. It hasn't. And we're 
reasonably optimistic" that Tek will 
grow. 

Richard J. Osborne, executive 
vice president, finance and business 
development, at Fairchild Camera 
& Instrument Corp., echoes the 
views of his industry peers. "We 
continue to book more than we are 
shipping," he says, although he 
offers no figures. "In spite of the 
general economy," he adds, "we ex-
pect this to be a good year." 
No worry. At Allen-Bradley Co., 

the booking/billing ratio is down 
from the first quarter of 1973. "This 
is of no great concern, however," 
notes Stanley J. Kukawka, vice pres-
ident and general manager of the 
firm's Electronics division. "There is 
more caution today on long-term 
commitments and inventory bills, 
and we have more capacity on 
stream, and so can ship bookings 
faster than a year ago," he says. Al-
len-Bradley plans for a 10% increase 
in shipments over the level in 1973, 
and so far is doing that. 

In the Boston area, the planners 
at Data General Corp. like to quote 

Looking up. Sprague's Welch, top, and Al-

len-Bradley's Kukawaka both expect busi-

ness to increase during 1974. 

IF 

Edson DeCastro, president, who 
says that there are so many econo-
mists saying so many different 
things that you can always find 
someone to say something that you 
want to hear. So neither they nor 
their counterparts at Digital Equip-
ment Corp. nor Sprague Electric 
Co. profess to pay much attention to 
dire warnings. 
The figures back them up. Sales 

and bookings for each have in-
creased from those of last year. A 
Data General spokesman says 
bookings are up significantly, with 
increases spread across all appli-
cations and geographic areas. The 
minicomputer market, says the 
spokesman, will counter cyclical 
swings in the general economy. "It 
has always come through the swings 
OK," he says. 
Neal W. Welch, chairman and 

chief executive officer at Sprague, 
says that the outlook for both do-
mestic and overseas operations in 
1974 continues to be strong. "We 
have an open-order backlog at year-
end in excess of $100 million. Evi-
dence is toward a continued healthy 
demand for our product in virtually 
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ELECTRONIC and ALLIED INDUSTRIES 
B & C Insulation Products, Inc., 22 \V. 

21st St., New York, N. Y. 
Brand & Co., William, 276 Fourth Ave., 

New York, N. Y. 
Continental-Diamond Fibre Co., 13 Chapel 

St., Newark, Del. 
General Electric Co„ Appliance and Mer-

chandise Dept., Bridgeport, Conn. 
Insulation Manufacturers Corp., 565 W. 

Washington Blvd., Chicago, Ill. 
Irvington Varnish & Insulator Co., 10 

Argyle Terrace, Irvington, N. J. 
Mica Insulator Co., 200 Varick St., New 

York, N. Y. 
New Jersey Wood Finishing Co., Elec-

trical Insulation Dept., Woodbridge. 
N. J. 

Owens-Corning Fiberglas Corp., Nicholas, 
Bldg., Toledo, Ohio 

Pearce Co., R. T., 235 Scott Blvd., Cov-
ington, Ky. 

Respro, Inc., Wellington Ave., Cranston, 
R. I. 

Standard Insulation Co., 74 Paterson Ave., 
East Rutherford, N. J. 

Sullivan & Sons Mfg. Co., J., 2224 N. 
Ninth St., Philadelphia. Pa. 

Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 

Terminals  

Transformers  
CURRENT TRANSFORMERS 

Acme Electric C.: .W2. Co., Water St.. 
Cuba, N. Y. 

American Transformer Co., 178 Emmet 
St., Newark, N. J. (See Page 35.) 

Amplifier Co. of America, 17 W. 20th St., 
New York. N. Y. 

Arlavox Mfg. Co., 430 S. Green St., Chi-
cago, Ill. 

Chicago Transformer Corp., 3501 W. Ad-
dison St., Chicago, Ill. (See page 139.) 

Davis & Co., Dean W., 649 W. Fulton St., 
Chicago. Ill. 

De Vry Corp., 1111 Armitage Ave., Chi-
cago. Ill. 

Dinion Coil Co., North St., Caledonia, 
N. Y. 

Dongan Electric Mfg. Co., 2987 Franklin 
St., Detroit, Mich. 

Doyle, Inc., James W., 311 N. Desplaines 
St., Chicago, Ill. 

Eastern Specialty Co., 3619 N. Eighth 
St., Philadelphia, Pa. 

Electrical Facilities, Inc., 4224 Holden St., 
Oakland, Cal. 

Ferranti Electric, Inc., RCA Building, 
New York, N. Y 

Freed Transformer Co., 72 Spring St.. 
New York, N. Y. 

General Controls Co., 801 Allen Ave., 
Glendale, Cal. 

General Transformer Corp., 1250 W. Van 
Buren St., Chicago, Ill. (See p. 23.) 

Hadley Co., Robert M., 711 E. 61st St.. 
Los Angeles, Cal. 

Halldorson Co., 4500 Ravenswood Ave.. 
Chicago, Ill. 

Jefferson Electric Co., Bellwood. Ill. 
Kenyon Transformer Co., 840 Barry St., 

New York, N. Y. (See page 181.) 
Magnetic Windings Co., 16th & Butler 

Sts., Easton, Pa. 
New York Transformer Co., 51 W. 3rd 

St., New York, N. Y. 
Norwalk Transformer Corp., South Nor-

walk, Conn. 
Oxford Tartak Radio Corp.. 915 W. Van 

Buren St., Chicago. Ill. 
Philco Radio & Television Corp., Tioga & 

C Sts., Philadelphia, Pa. 
Radio Receptor Co., 251 W. 19th St., 'New 

York, N. Y. 
RCA Mfg. Co., Camden, N. J. 
Skaggs Transformer Co., 5894 Broadway. 

Los Angeles. Cal. 
Sola Electric Co., 2525 Clybourn Ave.. 

Chicago, Ill. (See page 7.) 
Standard Transformer Corp., 1500 N. Hal-

sted St., Chicago, 111. (See page 145.) 
Superior Electric Co., 32 Harrison St.. 

Bristol, Conn. 
Thordarson Electric Mfg. Co., 500 W. 

Baron St.. Chicago, Ill. (See p. 130.) 
United Transformer Co., 150 Yarick St., 

New York, N. Y. (See page 2.) 
Utah Radio Products Co., 820 Orleans St., 

Chicago. Ill. 
Western Electro-Mechanical Co.. 300 

Broadway, Oakland, Cal. 
Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave., Newark, N. J. 

(Parts, Accessories and Materials) 

INSTRUMENT TRANSFORMERS 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
American Transformer Co., 178 Emmet 

St., Newark, N. J. (See page 38.) 
Condit Works, Allis-Chalmers Mfg. Co., 

Hyde Park Station, Boston, Mass. 
Duncan Electric Co., 244 S. Third St., 

Lafayette, Ind. 
Electrical Facilities, Inc., 4224 Holden St., 

Oakland, Cal. 
Erie Electric Co., 124 Church St., Buffalo, 

N. Y. 
Esterline-Angus Co., (Speedway City) 

Indianapolis, Ind. 
General Electric Co., Schenectady, N. Y. 
Hollywood Transformer Co., 645 N. 

Martel Ave., Los Angeles, Cal, 
Newark Transformer Co., 17 Frelinghuy-

sen Ave., Newark, N. J. 
New York Transformer Co., 51 W. 3rd St.. 

New York, N. Y. (See page 123.) 
Niagara Electric Improvement Corp., 122 

E. 42d St., New York, N. Y. 
Roller-Smith Co., Bethlehem, Pa. 
Sangamo Electric Co., Springfield, Ill. 
Sparkes Mfg. Co., 318 Jefferson St., New-

ark, N. J. 
Standard Transformer Co., 140 Dana St., 

N.E., Warren, Ohio. (See page 145.) 
States Co., 3 New Park Ave., Hartford, 

Conn. 
Surges Electric Co., 101 E. Seeboth St., 

Milwaukee, Wis. 
Uptegraff Mfg. Co., R. E., Scottdale, Pa. 
Wagner Electric Corp., 6400 Plymouth 

Ave., St. Louis, Mo. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 
\Veston Electrical Instrument Corp., 614 

Frelinghuysen Ave., Newark. N. J. 

I. F. TRANSFORMERS 
Aladdin Radio Industries, Inc., 501 W. 

36th St. Chicago, Ill. 
American Transformer Co., 178 Emmet 

St., Newark, N. J. (See page 38.) 
Anaconda Wire & Cable Co., 25 Broad-

way. New York, N. Y. 
Automatic Windings Co., 900 Passaic 

Ave.. East Passaic, N. J. (See p. 9.) 
Carron Mfg. Co., 415 S. Aberdeen St., 

Chicago, Ill. 
D-X Radio Products Co., 1575 Milwaukee 

Ave., Chicago, Ill. 
General Winding Co., 254 W. list St., 

New York, N. Y. 
Guthman & Co., E. I., 400 S. Peoria St.. 

Chicago, Ill. 
Hammarlund Mfg. Co., 424 W. 33d St., 

New York, N. Y. 
Meissner Mfg. Co., Mount Carmel. Ill. 
Millen Mfg. Co., James, 150 Exchange 

St., Malden. Mass. 
Miller Co., J. W., 5917 S. Main St., Los 

Angeles, Cal. 
National Co., 61 Sherman St, Malden, 

Mass. 
Philco Radio & Television Corp., Tioga & 

C Sts., Philadelphia, Pa. 
Sickles Co., F. W., Springfield, Mass. 
Teleradio Engineering Corp., 484 Broome 

St., New York, N. Y. 
Triumph Mfg. Co., 4017 W. Lake St., 

Chicago, Ill. 

RECEIVER AUDIO & POWER 

TRANSFORMERS 

Acme Electric & Mfg. Co., 31 Water St, 
Cuba, N. Y. 

American Transformer Co„ 178 Emmet 
St., Newark, N. J. (See Page 38.) 

Amplifier Co. of America, 17 W. 20th St., 
New York, N. Y. 

Arlavox Mfg. Co., 430 S. Green St., Chi-
cago, Ill. 

Audio Development Co.. 123 Bryant Ave., 
N., Minneapolis, Minn. 

Clnaudagraph Speakers, Inc., 3929 S. 
Michigan Ave., Chicago. Ill. 

Collins Radio Co., 2920 First Ave., Cedar 
Rapids, Iowa. 

De Vry Corp., 1111 Armitage Ave., Chi-
cago, Ill. 

Dinion Coil Co., 1 North St., Caledonia, 
N. Y. 

Doyle, Inc., James W., 311 N. Desplaines 
St., Chicago, Ill. 

Electronic Transformer Co., 515 W. 29th 
St., New York, N. Y. 

Ferranti Electric. Inc., 30 Rockefeller 
Plaza. New York, N. Y. (See p. 113.) 

Freed Transformer Co., 72 Spring St, 
New York, N. Y. 

General Radio Co., 30 State St., Cam-
bridge, Mass. 

General Transformer Corp.. 1250 W. Van 
Buren St., Chicago, Ill. (See page 23.) 

Hadley Co., Robert M., 711 E. 61st St., 
Los Angeles, Cal. 

Halldorson Co., 4500 Ravenswood Ave., 
Chicago, Ill. 

Hollywood Transformer Co., 646 N. Mar-
tel Ave., Los Angeles, Cal. 

Jefferson Electric Co., Bellwood. Ill. 
Kenyon Transformer Co., 810 Barry St.. 

New York, N. Y. (See page 184.) 
Magnetic Windings Co., 16th & Butler 

Sts., Easton, Pa. 
New York Transformer Co., 51 W. Third 

St., New York, N. Y. (See page 123.) 
Norwalk Transformer Corp.. South Nor-

walk, Conn. 
Phelps Dodge Copper Products Corp., 40 

Wall St., New York, N. Y. 
Philco Radio & Television Corp., Tioga & 

C Sts., Philadelphia, Pa. 
Raytheon Mfg. Co., 190 Willow St., 

Waltham, Mass. (See page 150.) 
Skaggs Transformer Co., 5894 Broadway, 

Los Angeles. Cal. 
Standard Transformer Corp., 1600 N Hal-

sted St., Chicago, Ill. (See page 145.) 
Superior Electric Co., 32 Harrison St, 

Bristol, Conn. 
Thordarson Electric Mfg. Co., 500 W. 

Huron St.. Chicago, Ill. (See p. 130.) 
Utah Ftadio Products Co. 820 Orleans 

St., Chicago. Ill 

TRANSMITTER TRANSFORMERS 

American Transformer Co., 178 Emmet 
St., Newark, N. J. (See page 30.) 

Collins Radio Co., 2920 First Ave., Cedar 
Rapids, Iowa. 

Doyle, Inc., James W., 311 N. Desplaines 
St, Chicago, Ill, 

Ferranti Electric, Inc., RCA Building, 
New York, N. Y. 

Freed Transformer Co., 72 Spring St., 
New York, N. Y. 

Hadley Co., Robert M., 711 E. 61st St., 
Los Angeles, Cal. 

Halidorson Co., 4600 Ravenswood Ave., 
Chicago, Ill. 

Jefferson Electric Co., BellIwood, Ill. 
Kenyon Transformer Co., 840 Barry St., 

New York, N. Y. (See page 184.) 
New York Transformer Co., 51 W. 3rd St.. 

St., New York, N. Y. (See page 123.) 
Norwalk Transformer Corp., South Nor-

walk, Conn. 
Raytheon Mfg. Co., 190 Willow St.. 

Waltham, Mass, 
RCA Mfg. Co., Camden, N. J. 
Skaggs Transformer Co., 5894 Broadway, 

Los Angeles, Cal. 
Standard Transformer Corp., 1500 N. 

Halsted St., Chicago, Ill. (See p. 145.) 
Thordarson Electric Mfg. Co.. 500 W. 

Huron St., Chicago, Ili. (Ser p. 130.) 
United Transformer Co.. 150 VarIck St.. 

New York, N. Y. (See page 2.) 
Utah Radio Products Co., 820 Orleans 

St., Chicago, Ill. 

VOLTAGE REGULATING TRANSFORMERS 

Acme Electric & Mfg. Co., 31 Water St, 
Cuba, N. Y. 

American Transformer Co., 118 Emmet 
St.. Newark, N. J. (See page 38.) 

Amplifier Co. of America, 17 W. 20th St., 
New York, N. Y. 

Audio Development Co., 123 Bryant Ave., 
N., Minneapolis, Minn. 

Boonton Radio Corp., Boonton, N. J. 
Clark Controller Co., 1146 E. 152d St., 

Cleveland, Ohio 
Freed Transformer Co., 72 Spring St., 

New York, N. Y. 
General Transformer Corp., 1250 W. an 

Buren St., Chicago, Ill. (See page 23.) 
Hadley Co., Robert M., 711 E. 61st St., 

Los Angeles, Cal. 
Halldorson Co., 4500 Ravenswood Ave., 

Chicago, Ill. 
International Transformer Co., 17 W. 

20th St., New York, N. Y. 
New York Transformer Co., 51 W. 3rd 

St., New York, N. Y. (See page 123.) 
Norwalk Transformer Corp., South Nor-

walk, Conn, 
Raytheon Mfg. Co., 190 Willow St., 

Waltham, Mass. (See page 150.) 
RCA Mfg. Co., Camden, N. J. 
Skaggs Transformer Co., 5894 Broadway, 

Los Angeles, Cal. 
Solo Electric Co., 2625 Clybourn Ave.. 

Chicago, Ill. (See page 7.) 
Standard Transformer Corp., 1500 N. 

Halsted St., Chicago, Ill. (See p. 145.) 
Superior Electric Co., 32 Harrison St., 

Bristol, Conn. 
Thordarson Electric Aifg. Co.. 500 W. 

Huron St., Chicago. DI. (See P. 130.) 
United Transformer Co.. 150 Varirk St., 

New York. N. Y. (See page 2.) 
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Probing the news 

all of the markets we serve," he says. 
But West Coast distributor Lib-

erty Electronics, a division of Wyle 
Laboratories, warns that bookings 
in the components business can be 
"a bit of a confusion factor to 
people." Sid Spiegel, Liberty's presi-
dent, says, "I think that last year, 
with all the publicity concerning the 
energy shortage, people did even 
more extra buying." 
Lending added strength to the 

general feeling of prosperity are the 
plans of many electronics firms to 
carry out expansion plans. Some, in 
fact, have decided to broaden or ac-
celerate those plans. One of these is 
Bunker-Ramo. 

Vice president Buchholz says that 
the Amphenol divisions have in-
creased capital-expansion plans, 
both for acquisition and growth. 
More growth. Hewlett-Packard 

Co., where Ed van Bronkhorst, vice 
president and treasurer, expects the 
growth trend to continue, will spend 
$100 million in fiscal 1974 on capital 
investment. Last year's figure was 
$81 million. The main expenditure 
will be for six new plants both in the 
U.S. and overseas. And at Digital 
Equipment Corp., the emphasis on 
expansion of the past few years will 
continue. The company is thinking 
about building a plant in Korea for 
the fabrication of core memories. 
Minicomputer rival Data General, 
too, is thinking of a new plant. 

National Semiconductor is also 
gearing up for increased semicon-
ductor demand by increasing its 
capital spending from the $13 mil-
lion of last year, to more than $16 
million for fiscal 1974. A portion of 
that budget will be spent on a new 
wafer-fabrication plant. Financial 
vice president Hughes believes this 
increased capital spending on the 
part of National and other com-
panies illustrates the industry's im-
munity to recession. "We don't be-
lieve a recession will affect National 
or the industry," he says. And while 
semiconductor content of Tv sets 
is climbing "see panel", Zenith ex-
pects to have at least as good a year 
as 1973, which set records for dol-
lars and units. So far, first-quarter 
sales are ahead of last year's quar-
ter. 

66 

'Everybody's popping circuits' 

Texas Instruments has earned a reputation in the semiconductor industry 
for its on-target economic forecasts. In the following interview with Larry 
Armstrong, Midwest bureau manager of Electronics, Charles Clough, vice 
president for semiconductor marketing, tells why TI is optimistic. 

"Demand is still exceptionally high for semiconductor products," says 
Charles Clough, Texas Instruments' vice president for semiconductor mar-
keting. The domestic market for semiconductors should grow about 18%, 
he says, to $2.18 billion in 1974. 
"The semiconductor market's strong for simple, basic reasons," he 

points out, "reasons apart from the governmental and Watergate climate 
we read about in the newspapers. And the overriding reason for the contin-
ued demand is a tremendous proliferation of customers using semiconduct-
ors," he says. 

"Semiconductors are like vitamin pills today—everybody's popping 74N 
circuits." Last year, 1,450 customers comprised 85% of Ti's business, he 
says. In 1969, 80% of its business came from 19 customers. "The standard 
logic block, the 7400, makes it very easy for small companies to get into 
electronics assembly," he says, and estimates that the average home now 
has 3,000 transistor functions. 

"Backlogs are excellent; we've never been in a position with backlogs 
such as we are today," he says. But Clough sees a little double ordering to-
day where he saw none six months ago. "Conservatively, I'd guess that this 
is about 3% or 4% of our backlog. And it's something very secretive," he 
says. "When this happened three or four years ago, the approach that the 
buyer used was 'Be careful—if you don't ship the stuff, Fairchild will.' The 
guy doesn't tell you that today," Clough explains. "Our response would be: 
'That's good news; let me apply the capacity somewhere else.' " Lead 
times, he says, won't get back to normal until simetime in 1975, however. 
"We define normal as the basic ability to ship 70% of a customer's require-
ments over a three-month period. And the industry won't get there in 
1974." 

Pacing the growth of the industry will be the consumer segment, led by 
color TV despite the general nervousness about the economy. "In color 
television, I think you'll see about a 20% increase, 1974 over 1973," he 
forecasts. "If you talk to color TV manufacturers, every one will tell you the 
end-equipment market will drop from 3% to 5%, but if you add up the indi-
vidual production plans of each, it will tell you that the end-equipment mar-
ket will increase by 5% to 8%," he says. His 20% prediction assumes the 
slight decrease, however. The offset is in the increasing semiconductor 
content, pegged by Ti at $12 per set in 1974, up from $9 in 1973. 

Even the embryonic automotive market for semiconductors will show an 
increase, despite the gloomy outlook for Detroit. Clough expects a growth 
to $76 million to $80 million, up from about $62 million in 1973, principally 
because 1974 will be the first full production year for seat-belt interlocks. 

Price controls, or lack of controls, do not affect the learning curve pricing 
structure that TI diligently adheres to for large volume products. "As vol-
umes increase, prices drop, and it's our intention to price aggressively to 
gain volume," Clough says. The most dramatic drops will be seen for the in-
creasingly accepted complex functions: "We brought them down in 1973 
and we'll do it again in 1974," he adds. 
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SILVER 
_ NICKEL 
GOLD 

• eliminates silver scavenging 

• prevents base metal bleed-thru 

• eliminates silver migration 

• allows either soldering or bonding 

AVX's development of a new, exclusive technique 
for applying silver, nickel and gold terminations on 
ceramic chip capacitors is another example of AVX 
technical leadership. 

AVX ceramic chip capacitors with NiGuard can 
speed your assembly and improve dramatically 
your production yields. 

Nobody makes more ... or better multilayer capaci-
tors than AVX. This combined with AVX technical 
leadership means you can depend on AVX to de-
liver consistent quality chip after chip after chip. 
Available in a wide range of sizes. Meets all stan-
dards including EIA, and high reliability MIL 
C-55681A specifications. Whether you need chips 
in 1/2 pf to 50 mfd ranges or higher, AVX can supply 
them. Need applications assistance, it's yours for 
the asking. 

For complete information, 
request a copy of the AVX Short Form Catalog. 
Write AVX Ceramics, 
P.O. Box 867, Myrtle Beach, S.C. 29577. 
Telephone: (803) 448-3191. TWX: (810) 661-2252. 
Or D.I.A.L. EEM toll-free (800) 645-9200 
(In N.Y. State, call (516) 294-0990). 

/AVM 
THE  CERAMC CAPACITOR MANUFACTURER  
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Probing the news 

Electronics abroad 

In Europe, things are good for now 
Component and instrument makers head for Paris show in optimistic mood, 

but economic and political problems could mean trouble on horizon 

by the European editors of Electronics 

Throughout Western Europe, na-
tional economies are seething with 
troubles that nobody seems able to 
do much about. Inflation threatens 
to hit runaway levels, yet there's no 
obvious way to hold down prices 
while energy and raw-materials 
costs zoom. And while foreign trade 
long has been a mainstay for Euro-
pean business, doing business 
abroad has become harrowing be-
cause of the erratic world monetary 
system. What's worse, at a time 
when strong governments are 
needed to keep economics growing 
rationally, many governments are 
shakier than any these countries 
have had for a long time. 

All told, it looks as if 1974 could 
mark the start of a painful transition 
from an economy of affluence 
toward an economy of scarcity. But 
for the 1,000-odd producers of com-
ponents and instruments who will 
have their wares on display at the 
big annual Salon International des 
Composants Electroniques in Paris 
in early April, affluence still persists. 
Most companies went into 1974 
with bulging order backlogs and 
plenty of momentum. 

Reflecting the tone of cautious 
optimism that prevails among Euro-
pean electronics executives now, 
Thomson-ce's Philippe Giscard 
d'Estaing says, "There are uncer-
tainties, but there's no inquietude." 
A look at the giant French com-

pany's components divisions, which 
Giscard d'Estaing heads, shows why 
there's no inordinate uneasiness yet 
about his operation. Thomson-ce's 
components sales shot up by more 
than one third last year to edge past 
$200 million. This year, Thomson-
CSF has budgeted the same kind of 
growth. "Last November and De-

cember," says Giscard, "we were 
afraid our budget was too high. 
Now we see our year-end pessimism 
wasn't right. So far this year, we've 
not dropped below budget, either 
for orders or production." 
Optimism shared. And Thomson-

CSF is not the only French heavy-
weight with strong 1974 expansion 
in sight. RTC—La Radiotechnique 
Compelec—the components com-
pany of the Philips group in France, 
saw its sales shoot up 22% last year 
to top the $200 million mark. Jac-
ques Bouyer, RTC'S director-general, 
is thinking of something like 15% 
for this year's growth. But he warns 
that the figure could go as high as 
30% or as low as 5%. Uncertainties 
or no, RTC will invest heavily in new 
capacity for the second year in a 
row. Smaller companies, too, are 
doing well. "We had an explosion in 
orders for hybrid circuits last year," 
enthuses Alain Gayet, commercial 
director of the Microcircuits division 

of Sintra. "Our backlog is up to 10 
million francs (roughly $2 million), 
and we'll have another 30% to 35% 
jump in sales this year." 

It's not hard to see why French 
component makers feel sure their 
domestic market will ring solidly 
this year. Set makers gobble up 
some 40% of the components used 
in France, and they now are project-
ing a strong, but not booming, 1974. 
Color-Tv sales, the kingpin item 
here, ran about 600,000 units last 
year. Paul-Roger Sallebert, general 
director of the Fédération Nationale 
des Industries Electroniques (FNIE), 
reports that his trade group expects 
this year's sales to run about 
790,000 sets. "Before the crisis," he 
adds, "we were predicting some-
thing like 825,000." Other market 
watchers, despite a setback in sales 
last month, see a chance of a rise to 
above 850,000 units. 
No matter who is right, it will be a 

good year for entertainment elec-
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tronics. Even better, the instrument 
and communications markets look 
particularly solid. The French Posts 
and Telecommunications Ministry 
has vowed to double the number of 
telephone lines in service during the 
next five years, and this year alone, 
it will commit some $1.5 billion for 
improvements to its telecommu-
nications network. The computer 
makers, after a slow 1974 start, now 
"expect a normal level of activity," 
reports Maxime Bonnet, marketing 
director for Honeywell-Bull. As a 
result, mainframe and peripherals 
makers should be good customers. 
Energy market. Noting that the 

domestic outlook isn't at all bad, 
FNIE's Sallebert points out that pro-
ducers of telecommunications, mili-
tary, and industrial equipment 
should pick up some extra business 
because of the deals the French gov-
ernment has been working on with 
oil-producing countries. For the 
long term, there'll be other added 
energy business. 
The government, for example, 

has launched a massive project to 
get nuclear-power plants on line 
and plans to commit some $1.2 bil-
lion yearly for them over the next 
seven years. And, although higher 
gasoline prices and possible short-
ages may one day impact consumer 
electronics as the woes of auto 
makers work back through the econ-
omy, this may be more than offset 
by nonconsumer gains. 
"The more expensive trans-

portation becomes, the more people 
will be forced to depend on tele-

communications," says Louis 
Brousse, commercial director for 
Schlumberger instruments and sys-
tems. 
German optimism. West German 

component makers who turn up at 
the Paris show will add a further 
note of optimism. Their 1974 sales 
prospects range from "not bad" to 
"as good as last year," despite a 
turndown in growth that's predicted 
for the West German economy as a 
whole. For the electrical-electronics 
sector, the rise is pegged at between 
5% and 10%. 
Semiconductor makers will do 

much better than this. They are 
looking forward to gains of 15% to 
20%. Much of the increase will come 
from continuing high demand from 
German set makers, who account 
for more than half the country's 
semiconductor consumption. "We 
are not disquieted by the shorter 
work weeks at some radio and TV 
producers," says Erich Gelder, mar-
keting manager for ics at Siemens 
AG. "That's only a temporary 
thing," he adds. 

There's growth also from "new" 
semiconductor markets. Gerhard 
Liebscher, director of marketing ser-
vices for ITT affiliate Intermetall 
GmbH, says semiconductor sales to 
watch and clock companies will be 
on the rise, even if their growth 
slows. Components sales to the auto 
industry, too, should stay at about 
1973 levels, even though a lot fewer 
cars will come off the lines this year. 
As for ics, Gelder foresees a rise 

in industry-wide sales of some 17% 
in Germany. For discretes, he pre-
dicts that the increase will be 12%. 
Siemens, largely because of its 
strength in circuits for touch tuners, 
foresees a spurt of 70% this year for 
its IC sales. 

Italian effervescence. The trans-
alpine contingent from Italy will also 
come to Paris in an effervescent 
mood. There's no doubt that order 
books are bulging for equipment 
makers and components makers. 
But some market watchers say the 
components orders are mostly at-
tempts to counter inflation. 
Not so, says Ernesto Bartolozzi, 

Looking optimistic. Manufacturers are 

heading for Paris components show with 

smiles on their faces, despite economic un-
certainty. Scenes are of last year's show. 

marketing director for sGs-Ates, 
Italy's largest semiconductor maker. 
He says that his customers are not 
stockpiling components, but are us-
ing them now to meet their own or-
ders for consumer electronics, com-
munications equipment, and 
calculators. "We see an expanding 
market," he says, "and see no need 
to modify expansion plans." 

British worry. The cross-channel 
contingent from Great Britain will 
come to the Paris salon with nag-
ging worries. No one yet can guess 
how effective the new government 
will be at unsnarling the economy. 
And, until something like normal 
times return, no one can guess what 
will happen to color Tv, the top in-
come producer. 

Set makers are the biggest buyers 
of components in Britain, and last 
year their output soared to 2.5 mil-
lion sets. This year, sales at the retail 
level have slumped between 20% 
and 25%, largely because of govern-
ment curbs on consumer credit. Set 
output now outstrips demand, but, 
so far, that's not been too troubling; 
set inventories were abnormally low 
before the government slapped on 
its curbs. By midsummer, though, 
set makers may have to cut way 
back on production, and that will 
hurt components suppliers badly. 
For the moment, though, compo-

nent makers can sell almost every-
thing they can make. Power ra-
tioning has kept them working 
short-time, but their equipment-
making customers have had to do 
the same, and so the shortfalls 
roughly cancel each other. Delivery 
delays for new customers, thus, still 
run as long as 12 months for items 
made from scarce raw materials— 
polyester capacitors, for instance. 

In most cases, components com-
panies are rushing ahead with ex-
pansion plans made last year before 
crisis was in the wind. Semicon-
ductor makers are working on the 
assumption that demand will ex-
pand continuously across the board 
for Ics. In particular, MOS LSI deliv-
eries are expected to increase fast as 
several development projects turn 
into production orders. Joe Hurley, 
general manager of ITT Semicon-
ductors Ltd., estimates that UK MOS 
sales will be up 40% this year, com-
pared with a general UK semicon-
ductor growth rate of about 17%. D 
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Probing the news 

Memories 

Customers sweat out 4,096-bit RAMs 
Computer and peripherals makers are eager to use the big memories 

as soon as they reach acceptable yield and performance levels 

by Howard Wolff, Associate Editor 

Potential users of the new 4,096-bit 
mos random-access memories are 
waiting warily and anxiously as 
manufacturers of the devices work 
to iron out production problems. At 
stake for the users are design deci-
sions involving planned and proj-
ected product lines, ranging from 
peripherals to computer main-
frames. Dangling before the eyes of 
the makers are chunks of a market 
that could reach $60 million to $75 
million next year. 

But the 4-k memory is an elusive, 
as well as tantalizing, target—elusive 
because it involves manufacturing a 

high-density device with the ad-
vanced and sophisticated n-channel 
silicon-gate technique; tantalizing 
because it is the first semiconductor 
to outdo core-memory systems in 
both performance and price. That's 
why manufacturers consider 4-k 
worth working for, and users gener-
ally think it's worth waiting for. 

Hewlett-Packard Co. seems to 
think so. The Palo Alto, Calif., in-
strument and computer maker de-
signed the Texas Instruments 
TMS4030 into its new mini-
computer line, only to be stymied by 
yield problems at TI'S Houston mos-

production line [Electronics, March 
7, p. 25]. H-P has had to go to 
Mostek Corp. to fill its demands, a 
solution that creates a design prob-
lem in itself because the TI and 
Mostek parts are not pin-compatible 
(see chart). Datapoint of San An-
tonio, Texas, another TI customer, 
also was caught short. 
That hole in the 4-k picture needs 

patching, most users agree. As Brian 
Croxon of Honeywell Information 
Systems puts it: "There's a lack of 
maturity. By that, I mean that a 
high-volume user likes to see sec-
ond-sourcing pretty early." Croxon, 

4,096 BIT RAMs 

IPARAMETER 
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chip size 

MOTOROLA 
6605 
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I Power 
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32 
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16 

T2 L 
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CUM MINIMUM! 

On July 20, 1969, at 10:56 p.m., E.D.T., Neil Armstrong made 
the first personal contact with the surface of the moon. His famous words, 

"That's one small step for a man, one giant leap for mankind;' will live in history! 
Edwin Aldrin followed him onto the moon, while Michael Collins 

controlled the Apollo 11 spacecraft in orbit. The two men 
spent a total of 2 hours, 31 minutes exploring 

the moon's surface. 

SPECTRA-STRIP 
made another 
great connection 

SPECTRA-STRIP 
connected with Polaroid on 

August 3, 1972, and was 
awarded the design and 

manufacture of a miniaturized 
Ribbon Cable Harness for the 

new Polaroid SX-70 Land camera. 
The problem was minimum available space; 

and design requirements called 
for multi-conductor, highly-flexible, 

fine gauge wire. The part was flex-tested to 
300,000 cycles, and has many critical 

tolerance points necessary for the automated 
attachment in the camera. The intricate 

interconnecting assembly assisted in making 
possible this innovative camera. 

"Award For 
Excellence In 

Interconnection 
Systems Design" 

AWARD OF DISTINCTION ... 
SPECTRA-STRIP CORPORATION has estab-
lished an Award of Excellence to be presented to 
those companies who have achieved an innova-
tive application for the use of Ribbon Cable in the 
design of interconnecting systems. Savings in 
cost, space, increased efficiency, and reliability in 
circuit connections are all criteria which are evalu-
ated for award recognition. For details on qualify-
ing for this unique award, use your company let-
terhead to tell us your current or proposed appli-
cation for Ribbon Cable. 

ffl 
SPECTRA-STRIP 
CORPORATION 

7100 Lampson Ave, Garden Grove California 92642 
385 Putnam Ave, Hamden, Connecticut 06517 

"See us at Booth 1322—IEEE Show" Circle 71 on reader service card ("1 



• Low Ron • High Impedance 

Above Rated Current • No 

Offset Voltage • High Speed 

CCS has broad applications: 
Overcurrent and Surge Protec-
tion; Threshold Detection; 
Relay Replacement. Available 
in 0.1 milli-ampere to 0.1 
ampere, ± 32 to ± 250 volts. 

Try the CCS Experimental Kit 
No. K4 containing four low 
and high voltage CCS and 
application notes. $25 per Kit 
includes shipping costs. 

See Electronics/Pb. Jar . 21 1974 

See the NEW Current Con-
trolled Switch — CCS in 
action at IEEE Intercon 74 
March 26-29 in 

BOOTH 1702 

Licensing available in U.S. and 
foreign countries. Request complete 
information. Telephone collect 
Marketing Department. 

A  OHMIC INSTRUMENTS 
COMPANY 

15 Lincoln ParkCenter 
Annapolis, Maryland 21401 

(301) 269-0919 (301) 261-2288 

Probing the news 

a section head in the HIS Billerica, 
Mass., memory department, says 
that 4-k yield problems follow the 
classic pattern of semiconductor 
memories. "We went through about 
the same thing with the early 1-k 
ones," he points out. 
Croxon says that Honeywell is 

getting samples from "everyone 
who makes one" for use in design-
ing prototype memory systems. "But 
we can't even get enough parts for 
that prototype work," he adds. Cro-
xon characterizes the parts he has 
been getting as of generally good 
quality. "Overall, they've been 
clean, with reasonably wide oper-
ating margins. However, a lot were 
initially 50 to 100 nanoseconds 
slower than specified." Croxon is 
one of those users who advocates 
patience. "I don't think 4-k parts are 
here yet for the big systems 
makers," he says. 
DEC shops. Another computer 

maker, Digital Equipment Corp., 
says that, since Ti is having produc-
tion problems, it will probably order 
from such other makers as Mostek 
and its second source, Fairchild 
Semiconductor, American Micro-
systems Inc., Motorola Semicon-

ductor, and Western Digital Corp. If 
that fails, says a spokesman, DEC 
will return to core. The Maynard, 
Mass., manufacturer has 4-k memo-
ries ticketed for its PDP-8 and PDP-
11 lines for now, and later for its 
DECSystem-10 line. The spokes-
man says that performance of 4-k 
RAms received thus far—from TI—is 
"not sparkling." He adds that large 
memories usually need logic-correc-
tion modules to guard against so-
called soft errors. 

Other computer makers agree 
with Honeywell and DEC. For ex-
ample, Control Data Corp. reports 
ordering 100 units from each of 
three or four vendors; so far, it has 
received less than 50. One user's 
spokesman says he won't schedule 
production of any machine until he 
knows that 4-k RAMS are available 
in quantity from multiple sources. 

TI was first out of the gate with a 
large-volume order (from Hewlett-
Packard) and is paying the price: its 
yield problems are visible to every-
one. But TI says it has no intention 
of changing its one-transistor-cell 
design and that "an intensive effort 
is being applied to the buildup of a 
production line and to increase 
yields while at the same time in-
creasing the volume." A spokesman 
insists, "We are convinced that the 

Mostek's entry. This is the Mostek 4,096-bit MOS RAM, a 16-pin model offering 350 nano-

second access time. White marks around periphery were left by test probes. 
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It's nice to know that there's a super source for large 
quantities of 12 and 50 Volt ceramic capacitors. Nichicon 
can meet your immediate needs, or help you plan for 
long range requirements. When 30 weeks lead time 
seems to be a stock answer from almost every capacitor 
manufacturer, it's nice to know you can count on Nichi-
con for fast delivery. And when we make a delivery 
promise, we deliver as promised. 
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where these came from. 

Complete warehousing in the U.S. 
providing capacitors for the home 

.t> entertainment, computer and industrial 
ré.i; di electronic industries. 

PRODUCTION ITEMS 
Electrolytic Capacitors • Ceramic Capacitors • 
Film Capacitors • Oil Filled Capacitors—without 
P.C.B. • Metallized Paper Capacitors • Waxed 

Paper Capacitors • Mica Capacitors • Hybrid 
IC's • P.T.C. Thermister • Trim Pot 
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We help keep your world turned on. 

NICHICON (AMERICA) CORP. 
6428 N. Ridgeway Avenue • Chicago, Illinois 60645 
Phone: (312) 679-6530 
Division of NICHICON CAPACITOR LTD., Kyoto, Japan 

Circle 73 on reader service card 



Probing the news 

4-k RAM will be producible in large 
volume during 1974." While TI is 
"very cautious at this time in com-
mitting to definite schedules," in-
dustry sources predict that TI will be 
in production during the fourth 
quarter of the year. 
Mostek benefits. Mostek Corp., 

which has benefited from TI'S prob-

lems, now has another advantage: a 
second source. Fairchild Semicon-
ductor, initially using dice from 
Mostek, will start next month to 
ship its pin-for-pin replacement in a 
16-pin dual in-line package, called 
the 4096 DC. At the same time, 
Fairchild will develop a wafer-fabri-
cation capability, based on its own 
Isoplanar-N (for n-channel) process, 
and officials plan to be in full pro-
duction by 1975's first quarter. 

THINKING 
ABOUT LSI? 

Our new 'LSI Feasibility File' will help 
answer your questions about development 
procedures, costs, and how to evaluate 

the technology on your own terms. 

It also explains how we can help. 
The decision to employ the advanced technologies of Large-Scale Integration is 
seldom an easy one. And the facts on which to base your decision aren't always 
easy to come by. That's why we've just published our LSI Feasibility File. In it 
you'll find a lot of factual information about the technology and how you might 
be able to use individually developed LSI subsystems to improve your product. 
Use the coupon below to order your copy today Were cure t will help 

MICRO POWER SYSTEMS 
3100 Alfred Street, Santa Clara, CA 95050, Phone' 14081 247•5350, TWX: 910-338-0154 
Japan - Vas Kanatashl, 21 Moo Bldg., 2-2-5 Roitpontik MuImo ku Tokyn Phonu 586 04 /1 

If LSI subsystems can improve your 
product's performance, slash 
production costs and fatten profit 
margins, one or all of these three 
publications may tell you how. 

Ask for your copies now, 

LSI FEASIBILITY FILE—How to eval-
uate the technology and -get started" 
with LSI 

LSI COST ANALYSIS FILE—How to 
cope with the numbers game includ-
ing tour specific case histories. 

LSI DEVELOPMENT & SUPPORT— 
An illustrated description of our capa-
bilities and unusual way of doing 
business 

TELL US ABOUT YOUR 
POTENTIAL APPLICATION 

Name  

Title  

Company 

Address 

City  

State  

WE CAN HELP 

ZIP 

As for Mostek itself, Berry Cash, 
executive vice president, says the 
company is turning out its MK 4096 
"in the range of thousands per 
week." Cash adds, "The yields are 
still low, compared to where we'd 
like them to go, but they're high 
enough to make a lot of them with-
out losing any money." 
Mostek is building its part under 

the supervision of engineers who 
train the production people, Cash 
says. Now that the company has 
snagged the H-P order, as well as 
others, Mostek is "trying to figure 
out how we can crank out a lot of 
them this year" after initial plans 
called for production of fewer than 
100,000 parts in 1974. 
Second phase. The first semicon-

ductor house to announce a 4-k 
RAM, Microsystems International 
Ltd. of Ottawa, Canada, says its 
early troubles with yield are over, 
and the second planned phase of the 
MF 7112 has begun. This, says Pe-
ter Loconto, mos marketing man-
ager, involves reducing the die size 
to 149 by 166 mils (from 168 by 204) 
and increasing production from the 
present 250 parts a week, to 500 in 
May, 1,000 in June, and doubling 
monthly until volume production is 
finally reached in the last quarter. 
Loconto says MIL will sell 40,000 
pieces this year, and the biggest or-
der in the house calls for 10,000. 

Motorola's Semiconductor Prod-
ucts division is in "initial produc-
tion" of the 6605 4-k RAM, says Dur-
rell Hillis, mos microprocessor and 
memory-products marketing man-
ager. He says the device is working 
in one customer's system, and that 
the division has been shipping early 
production quantities to meet orders 
from 20 major customers. Motorola 
is banking heavily on the 6605 as a 
pivotal part that can bring signifi-
cant mos business to the division af-
ter a couple of false starts with ear-
lier memory products. 

Because of the joint development 
program with AMI for the 6605, 
Motorola and its California "part-
ner" are assured of at least one sec-
ond source initially—an important 
consideration for users. And Hillis 
says Motorola is negotiating with 
two other second-source possibilities 
that could have the product in pro-
duction six to nine months after 
being selected. 
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Fran e them 
any old way 
Or any new way. 
Then sit back and watch your Ise display elec-
tronics get your ideas across. Beautifully. 
In an eye-easy fluorescent green glow. 
At the same time, they're low on voltage and 
current drain. 
High on stability. 
Pick the readouts that offer more of everything, 
including variety, for a whole host of digital 
display ideas. 
They're a difference you can see. 

IF 
you're thinking readouts 
get into 
the Ise frame of mind. 

International Div. 

1 D P60 A 

2 DP90A 

3 0019E 

4 DGI2H 

5 OGIOF1 

6 DG 8F 
7. DP 89A 

8. DP127F 

9. DMCL12H (NEW) 

Display module w/counter & latch 
• Fluorescent green glow. 

• 12-pin connector. 

•Three performance perfect models. 

•Custom ROM programming with other 

than BCD and seven-segment output 

The Brighter Side of Electronics 

USE INTERNATIONAL CORR C .) USE ELECTRONICS CORP. 
No.2-7-7, Higashi-Shinbashi, Minato-ku, Tokyo, Japan 

Tel: 433-6616-9 Telex: J26546 
Cables, -ISEWORLDREP" TOKYO 

Representative: Los Angeles, Paris, Munich, Amsterdam, Stockholm, Vienna, Milan, Bombay, Hong Kong, Taipei. 

P.O. Box 46 Ise-city, Moe Pref., Japan 
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(Parts, Accessories and Materials) 

Tubes  
CATHODE RAY TUBES 

American Television Corp., 130 W. 56th 
St., New York, N. Y. 

DuMont Laboratories, Inc., Allen B.. 2 
Main Ave., Passaic. N. J. (See page 
118.) 

Farnsworth Television & Radio Corp., 
3700 Pontiac St., Ft. Wayne. Ind. 

General Electric Co., Schenectady, N. Y. 
(See page 79.) 

Graybar Electric Cie., Lexington Ave. at 
43d St., New York, N. Y. (Sole Dis-
tributor for Western Electric Co., 
New York, N. Y.) 

Hygrade Sylvania Corp., 60 Boston St., 
Salem, Mass. (See page 12.) 

National Union Radio Corp., 15 Wash-
ington St., Newark, N. J. 

RCA Mfg. Co., Camden. N. J. 
Western Electric Co.—see Graybar Elec-

tric Co. 

CURRENT REGULATING TUBES (Ballast) 
Amperite Co., 561 Ilnead way, New York, 

N. Y. 
Art Radio Corp., 115 Liberty St., New 

York, N. Y. 
Champion Radio Works. Div. of Con-

solidated Electric Lamp Co., Danvers, 
Mass. 

Hytron t'orp. & Hytronic Lakeratories. 
76 Lafayette St., Salem, Mass. 

RCA Mfg. Co.. Camden, N. J. 

HEARING AID TUBES 
il ytrou t'orp., & Bytroule Laboratories. 

76 Lafayette St., Salem, Mass. (See 
page 95.) 

Ken- Rad Tube & Lamp Owensbor,. 
Kv. 

Raythinen Production Corp., 420 Lexington 
Ave., New York. N. Y. 

RCA Mfg. l'o., Camden. N. J. 

INDUSTRIAL TUBES 
Amperex Electronic Products. 79 ‘Vash-

ington St., Brooklyn, N. Y. (See 
Inside front cover.) 

I'mffinental Electric Co.. Geneva. Ill. 
Electrons, Inc., 127 Sussex Ave., Newark, 

N. J. 
Federal Telegraph Co., 20le Mt. Pleasant 

Ave., Newark. N. J. 
General Electric Co., Schenectady, N. Y. 

(See page 79.) 
I I ein tz & Kaufman, Ltd.. South San 

Franeisege, Cal. 
Ilytron ('orp.& illytronie Laboratories. 76 

Lafayette St., Salem, Mass. (See 
page 95.) 

J. F. D. Mfg. Co., 4111 Fort Hamilton 
Pkwy., Brooklyn. N. Y. 

Raytheon Production 'or p., 420 Lexing-
ton Ave.. New York. N. Y. 

Br.% Mfg. Co.. Camden, N. J. (See page 
87.) 

Taylor Tubes, Inc., 2341 Wabansia Ave., 
•hicagro, 

l'aited Electronks Co., 42 Spring St., 
Newark, N. J. 

Westinghouse Lamp Div., Westinghouse 
Electric & Mfg. CO., Bloomfield, 
N. J. 

PHOTOTUBES 
Bradley Laboratories, 82 Meadow St.. 

New Haven, ('ono. (See page 161.) 
Continental Electric Co., Geneva, Ill. (See 

page 148.) 
De tu r-A mseo Bridge St., Shel-

ton, Conn. 
De Vry, Herman A., 1111 W. Center St., 

Chicago. Ill. 
Eby, Inc., Hugh H., 4700 Stanton Ave., 

Philadelphia, l'a. 
Electronic Laboratory, 306 S. Edinburgh 

Ave., Los Angeles, Cal. 
Emby Products Co., 1800 W. Pico Blvd., 

Los Angeles, Cal. 
General Electric Co., Schenectady, N. Y. 

(See page 79.) 
General Scientific Corp., 4829 S. Kedzie 

Ave., Chicago. Ill, 
G-11 Laboratories, Inc.. 431:1 N. Knox 

Ave., Chicago. Ill. 
Graybar Electric Co., Lexington Ave. at 

43d St., New York. N. Y. (Sole Dis-
tributors for Western Electric Co.. 
New York, N. Y.) 

Leeds & Ncrrthrup Co., 4970 Stenton 
Ave., Philadelphia, Pa. 

National Union Radio Corp., 15 Washing-
ton St., Newark. N. J. 

Photobell Corp., 123 Liberty St., New 
York, N. Y. 

RCA Mfg. Co., Camden, N. J. (See back 
rover.) 

Rehtron Corp., 2159 Magnolia Ave., Chi-
cago, Ill, 

D-22 

1942-1943 BUYER'S GUIDE for the 
Rhamstine, Thos., 301 Bea ubb•it 

Detrcnt, Mich. 
Western Electric Co.---see Oraybar Elec-

tric Co. 
Westinghouse Lamp Div., Westinghouse 

Electric & Mfg. Co., Bloomfield, N. J. 
Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave., Newark, N. .J. 

RECEIVING TUBES 
Emerson Radio & Phonograph Corp., 111 

Eighth Ave., New York, N. Y. 
General Electric Co., Schenectady, N. Y. 

(See page 79.) 
Graybar Electric Co., Lexington Ave. at 

43d St., New York, N. Y. (Sole Dis-
tributors for Western Electric Co., 
New York, N. Y.) 

Hygrade Sylvania Corp., 60 Boston St., 
Salem, Mais,. (See page 12.) 

fly (ron Corp. & Ilyt runic Laboratories. 
76 Lafayette St., Salem, Mass. (See 
page 95.) 

K en- I d Tube & Lamp Corp., 227 E. 
Ninth St., Owensboro, Ky. 

National Union Radio Corp., 15 Wash-
ington St., Newark, N. J. 

Raytheon Production Corp., 420 Lexing-
ton Ave., New York, N. Y. 

EC.% Mfg. t'o., Camden. N. J. (See page 
87.) 

Tung-Sol Lamp Works Inc., 95 Eighth 
Ave., Newark, N. J. 

Western Electric Co.—see Graybar Elec-
tric (lo. 

Zenith Radio Corp., 6001 Dickens Ave., 
Chicago, Ill. 

TRANSMITTING TUBES 
Amperes Electronic Products. 79 Wash-

ington St.. Brooklyn, N. Y. (See 
lucide front ('over.) 

Collins Radio Co., 2921) First Ave., Cedar 
Rapids, Iowa 

Eitel-McCullough, Inc., San Brio 110, 
(See page 115.) 

Federal Telegraph Co., 200 5It. Pleasant 
Ave.. Newark. N. J. 

General Electric Co., Schenectady, N. Y. 
(See page 79.) 

Graybar Electric Co., Lexington Ave. at 
43d St., New York. N. Y. (Sole Dis-
tributor for M'estere, Electric 
New York. N. Y.) 

Heintz & Kaufman. Ltd., South San Fran-
cisco, t'al. (See page 30.) 

Ilylron Corp. 5: Hytronic Laboratories, 16 
Lafayette St.. Salem, M USX. (See 
page 95.) 

Natiomil Union Radio Corp., 15 Wash-
ington St., Newark, N. J. 

Radio Spcialties l'o., 1956 Figueroa St., 
San Francisco, Cal. 

Raytheon Production Corp., 420 Lexing-
ton Ave., New York, N. Y. 

Kea Mfg. Co., ('anulen, N. J. (See back 
cover.) 

Taylor Tubes, Inc., 2341 Wabansia Ave., 
Chicago, Ill. 

Tung-Sol Lamp Works, Inc., 95 Eighth 
Ave., Newark, N. J. 

United Electronics Co., 42 Spring St., 
Newark, N. J. 

Western Electric Co.—see Graybar Elec-
tric Co. 

Westinghouse Lamp Div., M'estinghouse 
Electric & Mfg. Co., Bloomfield, N. J. 

VOLTAGE-REGULATING TUBES 
Amperite Co., 561 Broadway, New York, 

N. Y. 
Memo' & Son, Inc., M. M., 113 N. Broad 

St.. Trenton, N. J. 
Hygrade Sylvania Corp., 60 Boston St., 

Salem, Mass. (See page 12.) 
Ilytron Corp., & Hytronic Laboratories, 

76 Lafayette St., Salem, Mass. 
RCA Mfg. Co., Camden, N. J. 

X-RAY TUBES 
Adlanco X-Ray Corp., 54 Lafayette St., 

New York, N. Y. 
Fischer & Co., H. G., 2323 Wabansia Ave., 

Chicago, Ill. 
General Electric X-Ray Corp., 2012 Jack-

son Blvd., Chicago, Ill. 
Machlett Laboratories, Springdale, Conn. 
Philips Metalix Corp., 419 Fourth Ave., 

New York, N. Y. 
Standard X-Ray Co., 1930 N. Burling St., 

Chicago, Ill. 
Westinghouse X-Ray Co., 21-16 43d Ave., 

1.r.ng Island City, N. Y. 

Tubing  
BRASS and COPPER TUBES and 

TUBING 
American Brass Co., Waterbury, Conn. 
Bridgeport Brass Co., E. Main St., Bridge-

port, Corm. 

Chase Brass & Copper Co., 236 Grand St., 
Waterbury, ('onn. 

Mueller Brass Co., 1925 Lapeer Ave., 
Port Huron, Mich. 

Precision Tube Co., 3828 Terrace St., 
Philadelphia, Pa. 

Revere Copper & Braes, Inc., 230 Park 
Ave., New York, N. Y. 

Scovill Mfg. Co., 99 Mill St., Waterbury, 
Conn. 

Universal Brass Works, Howard & Lehigh 
Ave., Philadelphia, Pa. 

Wolverine Tube Co., 1411 Central Ave., 
1)etroit, Mich, 

CERAMIC TUBINO—see Insulation 
FIIIKE TUBING—IIPP insulation 

FABRIC TUBES and TUBING 
Anchor Webbing l'o., 1005 Main St., Paw-

tucket, R. I. 
It & Insulation Products, Inc.. 22 W. 

:1st St., New York, N. Y. (See 
page 1)10.) 

Bentley, Harris Mfg. Co., Rector & Lime 
Sts., Conshohocken, l'a. (See page 
154.) 

Brand & Co., William, 276 Fourth Ave., 
New York, N. Y. (See page 15.) 

General Electric l'o., Appliance and Mer-
chandise Dept., Bridgeport, Conn. 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago, Ill. 

Insulation Products, Inc., 22 W. 21st St., 
New York, N. V. 

Irvington Varnish & Insulator Co., 10 
Argyle Terrace, Irvington, N. J. 

Mica Insulator Co., 200 N'arick St., New 
York, N. Y. 

Mitchell-Rand Insulation Co., 51 Murray 
St., New York, N. Y. 

Pearce Co., R. T., 235 Scott Blvd., Cov-
ington, Ky. 

Surprenant Electrical Insulation Co., 84 
Purchase St., Eb.ston. Mass. 

Vartlex Corp.. Cor. Ford t Floral Sts.. 
Horne, N. Y. (See page 172.) 

G.) 154 LASS TUBES and TUBING 
Ben Ha tley. rris Mfg. t'o., hector & Lime 

Sts., Conshohocken, Pa. (See page 

Corning Glass Works, Corning, N. Y. 
Duro-Test Corp., North Bergen, N. J. 
Hygratle Sylvania Corp., 60 Boston St., 

Salem, Mass. 
Insulation Manufacturers Corp., 565 W. 

Washington Blvd., Chicago, III.. 
Luminous Laboratories, Inc., 6 E. Lake 

St., Chicago, Ill. 
Owens-Corning Fiberglas Corp., Nicholas 

141(ig-.. Toledo, Ohio 
Riedel Glass Works, Inc., Jos., 261 Fifth 

Ave., New York, N. Y. 
St. Charles Technical Laboratories, Inc. 

10 State Ave., St. Charles, Ill. 

KNITTED WIRE TUBES and TUBING 
Alden Products Co., 117 Main St., Brock-

tens, Mass. 
Anaconda Wire & Cable Co., 25 Broad-

way, New York, N. V. 
Belden Mfg. Co., 4647 W. Van Buren St., 

Chicago, Ili. 
Camden Wire Co., Camden, N. Y. 
Essex Wire Corp., 14310 Woodward Ave., 

Detroit. Mich. 
General Cable Corp., 420 Lexington Ave., 

New York, N. Y. 
General Electric Co., Schenectady, N. Y. 
Hope Webbing Co., Providence, R. L 
New England Electrical Works, Lisbon, 

N. H. 
Itoebling's Sons Co., John A., Trenton, 

N. J. 

NICKEL and NICKEL ALLOY TUBING 
Admak Mfg. Co., Irvington, N. J. 
General Plate Div., Metals & Controls 

Corp., 34 Forest St., Attleboro Mass. 
International Nickel Co., 67 Wall St., 

New York, N. Y. 
Summerill Tubing Co., Bridgeport, Pa. 
Superior Tube Co.. Norristown, l'ai. (See 

page 11.) 

PAPER TUBES and TUBING 
American Paper Tube Co., Hazel St., 

Woonsocket, R. 1. 
Cleveland Container Co., 10630 Berea Rd., 

Cleveland, Ohio 
Cross Paper Products Corp., 2595 Third 

Ave., New York, N. Y. 
Franklin Fibre-Lamiteg Corp., 12th & 

French Sta., Wilmington, Del. 
General Paper Tube Co., 430 E. Cheiton 

Ave., Philadelphia, Pa. 
Pairpoint Corp., Prospect St., New Bed-

ford, Mass. 
Paramount Paper Tube Co., 801 Glasgow 

Ave., Fort Wayne, Ind. 
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Probing the news 

Manufacturing 

Firms like Puerto Rico 
Advantages in taxes, duties, and labor make up for wages 

that are a bit higher than other offshore sites 

by Ray Connolly, Washington bureau manager 

In the scramble to remain cost-com-
petitive in expanding global elec-
tronics markets, U.S. manufacturers 
have added Puerto Rico to the emi-
gration to offshore locations that be-
gan years ago with Hong Kong and 
Taiwan. 

In the 3,400-square-mile rectan-
gle that lies at the northeastern 
end of the Caribbean Sea, there are 
now more than 165 plants manufac-
turing electronics and electrical 
products. That represents a growth 
of more than a hundred-fold since 
1960. Even after taking away from 
that list the makers of electrical 
power machinery and comparable 
products, the remaining electronics 
producers in Puerto Rico number 
more than 75. 
General Electric Co. tops the list 

of electrical/electronics producers 
with 19 separate operations, al-
though these are largely turning out 
straightforward switchgear, circuit 
breakers, meters, and measuring in-

struments. Nevertheless, GE is re-
corded by the Economic Develop-
ment Administration of Puerto Rico 
as having two strictly electronics op-
erations. Both started in 1966, one 
turning out leak detectors at GE In-
strument Corp. at Caguas, and the 
other, devices at GE Pilot Devices 
Inc., Vega Alta. 

Biggest. But among purely elec-
tronics manufacturers, computer-
maker Digital Equipment Corp. of 
Maynard, Mass., tops Puerto Rico's 
list. Since it started making digital 
circuit modules in July 1968 at San 
German, DEC has expanded its op-
eration there to 165,000 square feet, 
and it is bringing another 135,000 
square-foot facility on line in July at 
a 55-acre site on the island's north-
west corner in Aguadilla. All told, 
DEC says it now employs some 1,600 
persons in Puerto Rico to work on 
its PDP-8 and PDP-11 mini-com-
puters. 
The Puerto Rican commonwealth 

flaunts the impressive growth num-
bers regularly in its effort to lure 
other manufacturers to its shores. 
Shipments of electronic and electri-
cal products to the mainland alone 
totaled nearly $200 million in 1973, 
reflecting a growth of nearly 15% 
from the year before. In addition, 
Puerto Rico exports roughly 10% 
more of its manufactures in these 
technologies to other markets. 
Much of the island's growth as a 

haven for electronics manufacturers 
has come in the past five to six 
years, even though Puerto Rico's de-
termination to expand and improve 
its economy has its roots in Oper-
ation Bootstrap, which began in the 
early 1950s. 

Japan. But Puerto Rico's appeal 
to electronics manufacturers has not 
been limited to the U.S. variety, as 
Matsushita Electric Corp. has dem-
onstrated. Beginning in June 1965 
at Caguas with the assembly of ra-
dios and stereo equipment, the Os-
aka-based manufacturer has under-
gone six expansions on the 
Caribbean island. One of these in-
cluded a move up to production of 
television receivers in August 1971 
in a step that industry competitors 
interpret as offering the producer of 
Panasonic receivers the double ad-
vantage of a low-cost labor market 
and duty-free shipments to the 
mainland at a time when U.S. criti-
cism of imports of Japanese home-
entertainment products was rising. 

Overall, 80% of the island's elec-
tronics and electrical equipment 
plants are affiliated with mainland 

Delicate work. Bell & Howell employee pre-

cision-balances galvanometer at the firm's 

plant in Carolina, Puerto Rico. Also pro-

duced there are oscillograph sensors. 
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Digesting the extraordinary 
capabilities of Ramtek 's new 
color graphic display 
systems is a little like turning 
a nine-year-old loose 
in a candy factory 

There's almost 
too much to swallow. 

So let's take it 
one morsel at a time. 

‘j! 

To begin with. Ramtek series Color Graphic Display Sys-
tems totally obsolete conventional process control display 
methods. You've seen, or are now working with, the 
archaic bank of meters, the slow tedious strip charts and 
the space taking plot boards. 

All those techniques are now out of it" with the introduc-
tion of Ramtek's solid state Color Graphics System. Our 
basic system begins with black and white alphanumeric 
display. Flicker-free color graphics and animated displays 
are created by using a non interlaced repeat field at 60 
frames/sec. thus making a real time reporting system a 
reality. 

Perhaps the most important features of our new systems 
are their flexibility and expandability. Our graphic systems 
feature multiple channel input and varying mixtures of 
resolution. The system is totally adaptable to the specific 
and changing needs of the user. 

There's lots more to be said about our systems. Contact 
us for a demonstiation of the potential savings in cost and 
time between a Ramtek Color Graphic Display and any 
combination of conventional display techniques. 

Or, for some rather startling information about our new 
systems. contact: Ramtek Corporation, 292 Commercial 
Street, Sunnyvale, California 94086. Telephone: (408) 
735-8400. 

C RAMTEK CORPORATION 
THE GRAPHIC DISPLAY COMPANY 

) 
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Introducing 
our new member 
of the board. 

Meet the pluggable AMP Hexadecimal Rotary 
Switch., a fast, economical 16-pin DIP type performer. 
It's made to be programmed manually—on the pc 
board itself. 

Put a screwdriver in the slot. Turn the bi-
directional binary encoded cam to the desired, easy-
to-read setting. You're now in business. 

This AMP innovation, housing four Form "C" 
switches, is completely compatible with current 
packaging techniques. 

Circle 78 on reader service card 

110 

s• 
•.4 

Input/output pins are spaced on .100" x .300" 
centers. So you can mount it by any method normally 
used for 16-lead ICs. 

What about environmental damage to the surfaces 
of the gold plated phosphor bronze contacts? The 
fully enclosed design provides all the protection 
you need. 

And what about seeing our board member in 
action? Just call this number: ( 717) 564-0101. Or 
write AMP Incorporated, Harrisburg, Pa. 17105. 

INCORPORATED 
AMP is a trademark of AMP Incorporated. 



EUROPE 
Austria — AMP Austria. Branch of AMP 
Deutschland G.m.b.H.. Markgraf-Ruediger Str. 
6-8. 1150 Vienna. Phone: 924191/92 
Belgium—AMP Belgium. Branch of AMP-
Holland N.V.. Rue de Brabant 62-66. Brussels. 
Phone: 19.36.07 
France—AMP de France. 29. Chaussee Jules-
Cesar. Boite Postale No. 39. 95301 -Pontoise 
(Val d Oise). France. Phone: 464-92-20. 
4M-92-30 
Germany—AMP Deutschland G.m.b.H.. 
Amperestrasse 7-11, 607 Langen. B. FFM.. 
West Germany. Phone:106103) 7091 
Great Britain— AMP of Great Britain Limited. 
Terminal House. Stanmore. Middlesex. 
England. Phone: 01-954-2356 
Holland— AMP Holland N.V.. Papierstraat 2. 
's-Hertogenbosch. Holland. Phone: ()4100) 
25221 
Italy—AMP Italia S.p.A.. Via Fratelli Cervi IS. 
10093 CollegnolTorinol. Italy. Phone: 785-656 
Spain—AMP Española. S.A.. Apartado 5294. 
Pedro IV. 491. 495. Barcelona 5. Spain. 
Phone: 307-75+-54) 

Sweden—AMP Scandinavia AB. Datavagen 5. 
175 (X) Jakohsberg. Sweden. Mailing Address: 
Fuck S-175 20 JARFALLA I. Sweden. 
Phone: 0758/104(X) 
Switzerland—AMP A.G.. Haldenstras.se 
6006 Luzern. Switzerland. Phone:1041) 235421. 
235422.235423 

NORTH AMERICA 

Canada — AMP OF CANADA LTD.. 20 Esna 
Park Drive. Markham. Ontario. Phone: 
416-4W-125 I 
Mexico—AMP de Mexico. S.A.. Apartado 
Postal 179. Naucalpan de Juarez. Edo. de 
Mexico. Phone: Mexico City 576-41-55 
Puerto Rico— AMP OF CANADA LTD.. 
677 Calé de Diego. Rio Piedras. Puerto Rico 
00924. Phone:(809) 766-2346 
United States—AMP Incorporated. 
Harrisburg, Pa. 17105. Phone: 717-564-01(X) 

SOUTH AMERICA 
Argentina—AMP S. A. Argentina 4 de Febrero. 
76 Villa Zagla —SAN MARTIN. Buenos Aires. 
Argentina. Phone: 752-4612 
Brasil—AMP do Brasil Ltda.. Rua 7 de Abril 
355. Sao Paulo. Brasil. Phone: 335204 

PACIFIC 

Australia —Australian AMP Pty. Limited. 
155 Briens Road. Northmead. N.S.W. 2152 
Australia. Mailing Address: P.O. Box 194. 
Baulkham Hills. N.S.W. 2153 Australia. 
Phone: 630-7377 
Japan—AMP (Japan). Ltd.. No. 15-14. 7-Chome. 
Roppongi Minato-Ku. Tokyo. Japan. Phone: 
404-'7171 

For AMP products and services in most other 
countries. there's a network of official 
distributors. To get more information about 
them, please write: AMP International Division. 
Harrisburg. Pa. 17105. USA. 

INCORPORATED 
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Probing the news 

U.S. companies, 15 of which have 
more than one operation there. 
Three others, including Matsushita, 
are subsidiaries of non-U.S. com-
panies, while the remainder are lo-
cally owned. 

Incentives. What appeal does 
Puerto Rico hold for manufac-
turers? Generally, there are three— 
low taxes, an abundant supply of 
low-cost labor, and U.S.-supported 
training assistance. For just about 
everyone that has started manufac-
turing there, these incentives offset 
what some companies regard as a 
limited literacy rate and problems 
with worker reliability and training. 
Topping the list of advantages, of 

course, is Puerto Rico's long-stand-
ing freedom from U.S. Federal in-
come taxes—corporate, as well as 
personal—which manufacturers can 
apply to their island operations. 
Moreover, the commonwealth's In-
dustrial Incentive Act of 1963 grants 
companies beginning or expanding 
operations there a 100% exemption 
on Puerto Rican taxes of all types— 
including income, property, and 
municipal, as well as license fees— 
for a period of 10 to 25 years, de-
pending on plant location. The area 
around the capital of San Juan, for 
example, qualifies only for the 10-
year exemption, while less devel-
oped areas, such as San German 
near the southwestern end of the is-
land where DEC and three other 
companies operate, qualify for a 17-
year exemption. 

Labor. Of Puerto Rico's labor 
force of 926,000, about 2%, or 
20,000, have jobs in electronics and 
electrical-equipment plants. And 
most of these—some 87%—are pro-
duction workers. "All our engineer-
ing and design work is done in the 
United States," says DEC'S general 
manager, Richard Esten. That situ-
ation is typical of the electronics in-
dustries throughout the island. 
The minimum wage on the island 

is $1.60 an hour—well above that of 
many other offshore manufacturing 
locations, but still less than the $2.25 

Easy does It. Worker performs soldering op-

eration on a Beckman Instruments pH me-

ter. Company has had plant in Carolina, 
Puerto Rico, since 1967. 

an hour prevailing in the continen-
tal U.S. Similarly, average hourly 
earnings crept up to $2.28 last year 
from $2.15 the year before, yet these 
are still only 58% of the floor in the 
U.S., and, in the opinion of one 
Government economist in Washing-
ton, "These relatively higher costs 
compared, say, to Taiwan or Korea, 
are offset by the breaks in taxes, 
transportation, and no duties." 
The need for jobs on Puerto Rico, 

where unemployment hovers be-
tween 12% and 13%, and the fact 
that half the labor force is younger 
than 35, also is promoted by the is-
land government in its industrial-
development drive. Some manufac-
turers are concerned that bilingual-
ism is not more widespread and that 
the average training period for 
workers is longer than it is on the 
mainland. But others say workers, 
once trained, are productive. 

Boosters note that there is Fed-
eral support for pre-employment 
and on-the-job training under the 
1962 Manpower Development and 
Training Act. DEC's Esten says that 
his operation is beginning to receive 
manpower-training assistance. Fed-
eral training support, designed for 
areas with high chronic unemploy-
ment, provides, for example, a pro-
gram for training apprentices in 
skilled trades at wages lower than 
prevailing industry minimums. In 
Esten's view, the Puerto Rican labor 
force "is excellent." At the Chicago 
headquarters of Motorola Inc., 
which makes mobile and marine ra-
dios at Motorola Telcarro de Puerto 
Rico and components at Motorola 
Semimetales de Puerto Rico, both 
located at Vega Baja, the company 
says only, "Generally, we are 



Some products are so good 
you don't have to 
brag about them... 

The Spectrol Model 43 Cermet Trimmer. 

This 3/4 -inch cermet trimmer is available from the factory or 
any of our 75 distributor outlets. 100-piece price —$1.10. 

Want to know more? Send for a data sheet or call for a quote. 

SPECTROL ELECTRONICS GROUP 

UNITED STATES Spectrot Electronics Corporation 17070 E. Gale Avenue, City of Industry, Calif. 91745, U.S.A. • (213) 964-6565 • TWX (910) 584-1314 

UNITED KINGDOM Spectrol Reliance Ltd. Drakes Way, Swindon, Wiltshire, England • Swindon 21351 • TELEX: 44692 

ITALY SP Elettronica spa Via Carlo Pisacane 7, 20016 Pero (Milan) Italy • 35 30 241 • TELEX: 36091 

Circle 80 on reader service card 



Probing the news 

Different hopes 
for 

different folks. 

People want different 
things from a college 
education. 
But they all agree 

on one thing. It takes 
more than brains to 
get a diploma. 
Why not make the 

burden a little easier? 
Start buying U.S. 
Savings Bonds now. 
Bonds are a depend-

able way to build a 
college fund for your 
children. And an easy 
way to start saving 
them is by joining the 
Payroll Savings Plan. 

Start a college fund 
now with U.S. Savings 
Bonds. They just might 
let your kids spend more 
time studying and less 
time working to stay in 
school—whatever they 
hope to be. 

Take 
. stock 
mAmerica. 
Buy U. S. Savings Bonds 

Now E Bonds pay 54"/- interest when held 
to maturity of 5 years. lo months )4.); the 
first year). Bonds are replaced if hint. stolen. 
or destroyed. When needed they can be 
cashed at your bank. Interest is not subject 
to state or local income Lanes) and federal 
tan may be deferred until redemption. 

die i':••• 'pelee"l7:p"e"oi*.““:::ernto•p•e••*....:"1•0"«1,• 
W. Doom Tremory mond Yteelseng 

happy," and adds, "we are experi-
encing no difficulties" with Puerto 
Rican operations. 

Signals? Does this mean that 
Motorola or any of the 15 multi-
plant electronics operations on 
Puerto Rico is less than happy with 
its decision? "I doubt it very much," 
argues one Labor Department offi-
cial tracking the island's economic 
development. "Anyone who re-
sponds coolly to inquiries about 
their Puerto Rican operations," he 
muses, "is more likely just sending 
out signals that they know they have 
a good thing going and are not en-
thusiastic about sharing that knowl-
edge." 

Unlike Taiwan and other better-
known offshore assembly sites, 
Puerto Rico has no one area of high 
concentration in electronic products. 
The commonwealth government's 
product index embraces 28 cate-
gories of electronics, ranging from 
DEC's computer parts to Matsu-
shita's TV receivers. And between 
these fall the potentiometers and 
other components made by Bourns 
Inc. of Riverside, Calif., at six 
Puerto Rican operations; the mea-
suring instruments and parts made 
at three sites by Weston Instruments 
Inc. of Newark, N.J.; the heads fo• 
drum, disk, and magnetic-tape 
drives, printed-circuit boards, and 
core memories made by Applied 
Magnetics Corp., Goleta, Calif., at 
four operations, as well as the mag-
netic sensors and passenger-seat 
controls made at Vega Baja by In-
strument Systems Corp., Jericho, 
N.Y. 
Are there no serious problems, 

then, for electronics manufacturers 
on Puerto Rico? Apparently not. 
Few specify anything, other than 
the generally longer period for 
training new employees and occa-
sional complaints about "getting 
things on and off the island," even 
by air freight, which most electron-
ics shippers use. Beyond that, how-
ever, perhaps typical is the view of 
DEC's Richard Esten, expressed 
when asked if he had to decide on a 
Puerto Rico plant investment, 
would he do it again? "No question 
about it," Esten responds. "Abso-
lutely." 

VACUUM 
HIGH 

VOLTAGE 
REED 

SWITCHES 

for 
high voltage 
pulse switching 
and 
high voltage 
power supply 
switching 

DTA — 812 
Breakdown Voltage 12 kv 

Switching Voltage 10 kv 

Power Voltage 50 w 
Switching Current 3.0 amps 

DTA — 807 
Breakdown Voltage 7 kv 

Switching Voltage 5 kv 
Power Rating 50 w 

Switching Current 3.0 amps 

• 

ELECTRONICS LTD 
WIMBORNE - DORSET - ENGLAND 
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APPLICATION NOTE 46 

NEW VALUES 
HI CH ENERGY 

TYPE lc(max.) VcE0 VCEV VCEO Wm) 
VcE (sat.) 
0 lc, lB 

Power 
Dissipation (max.) 

h„ min./max. 
o 1c, VCE 

DTS-701 1.0 Amp 800V — 600V — 50W 
20/ — 

0„ 150mA, 5V 

DTS-708 3.0 Amp 900V 900V 600V 1 2a.m0pma2x5.0gA 50W 
_ 

—  

DTS-709 3.0 Amp 900V 900V 600V 
1.0 max. @ 
2A, 800mA 

50W — 

DTS-710 3.0 Amp 900V — 600V — 50W 
10/50 

(a 150mA, 5V 

DTS-712 3.0 Amp 900V 1200V 700V — 50W 
2.5/ — 
2.0A, 5V 

DTS-714 3.0 Amp 900V 1400V 700V — 50W 
2.5/ — 

g 2.0A, 5V 

DTS-723 3.0 Amp 1000V 1200V 750V 
0.8 max. 

1.0 amp, 250mA 
50W 

10/ — 
«t, 500mA, 5V 

DTS-801 2.0 Amp 800V — 700V — 100W 
20/ 

«,-i 200mA, 5V 

DTS-812 5.0 Amp 900V 1200V 700V — 100W 
2.2/ 

(ü 3.5A, 5V 

DTS-814 5.0 Amp 900V 1400V 700V — 100W 
2.2/ 

@ 3.5A, 5V 

Delco Electronics has made it possible for 
your Delco distributor to offer you better 
values than ever on these ten silicon high-
power transistors. What's more, he has them 
in stock now and there's a healthy factory 
inventory to back him up. 

These high quality, high voltage devices 
are all NPN, triple diffused, and packaged in 
Delco's solid-copper TO-204MA (T0-3) case. 

Some are specifically designed for use in 
high voltage switching circuits where 
inductive loads or fault conditions pose 
problems. Some are ideal for linear regulators 
and power amplifiers. 

In fact, all the devices share Delco's 
reputation for being ideal where circuit 
conditions and high energy requirements are 
a concern. And because they're 100 percent 
pulse energy tested, you know they're rugged. 

The circuit diagrams in this ad will give 
you a quick reading of how these ten 
transistors can meet your needs. 

Applications literature and complete 
device data are available from your 
Delco distributor. 

Give him a call for the information you 
need and the delivery promises and prices 
you'll like. 
NOW AVAILABLE FROM THESE DISTRIBUTORS 
IN PRODUCTION QUANTITIES. 

ALABAMA, Birmingham 
Forbes Distributing Co., Inc. 
(205) 251-4104 

ALABAMA, Huntsville 
Powell Electronics 
(205) 539-2731 
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ON DELCO'S 
TRANSISTORS. 

APPLICATION NOTE 54 

ARIZONA, Phoenix 
Sterling Electronics, Inc. 
(602) 258-4531 

CALIFORNIA, Goleta 
R.P.S. Electronics, Inc. 
(805) 964-6823 

CALIFORNIA, Los Angeles 
Kierulff Electronics, Inc. 
(213) 685-5511 

CALIFORNIA, Los Angeles 
R.P.S. Electronics, Inc. 
(213) 748-1271 

CALIFORNIA, Palo Alto 
Kierulff Electronics, Inc. 
(415) 968-6292 

CALIFORNIA, San Diego 
Kierulff Electronics, Inc. 
(714) 278-2112 

CALIFORNIA, San Diego 
R.P.S. Electronics, Inc. 
(714) 292-5611 

COLORADO, Denver 
Kierulff Electronics, Inc. 
(303) 371-6500 

CONNECTICUT, Norwalk 
Harvey/Connecticut 
(203) 853-1515 

FLORIDA, Miami Springs 
Powell Electronics/Florida 
(305) 592-3260 

FLORIDA, Orlando 
Powell Electronics/Florida 
(305) 859-1450 

ILLINOIS, Rosemont 
Kierulff Electronics, Inc. 
(312) 678-8560 

ILLINOIS, Skokie 
Bell Industries 
Electronics Distributors Div. 
(312) 282-5400 

INDIANA, Indianapolis 
Graham Electronics Supply, Inc. 
(317) 634.8202 

INDIANA, Indianapolis 
Harvey/Indiana 
(317) 297-4910 

MARYLAND, Baltimore 
Radio Electric Service Co. 
(301) 823-0070 

MASSACHUSETTS, 
Needham Heights 
Kierulff Electronics, Inc. 
(617) 449-3600 

MASSACHUSETTS, Newton 
The Greene-Shaw Co., Inc. 
(617) 969-8900 

MICHIGAN, Farmington 
Harvey/Michigan 
(313) 477-1650 

MINNESOTA, Minneapolis 
Stark Electronics Supply Co. 
(612) 332-1325 

MISSOURI, Kansas City 
Walters Radio Supply, Inc. 
(816) 531-7015 

MISSOURI, North Kansas City 
LCOMP-Kansas City 
(816) 221-2400 

MISSOURI, St. Louis 
LCOMP-St. Louis 
(314) 647-5505 

NEW JERSEY, Clifton 
Wilshire Electronics/New Jersey 
(201) 365-2600 (212) 244-8930 

NEW YORK, Binghamton 
Harvey/Federal 
(607) 748.8211 

NEW YORK, Farmingdale 
Wilshire Electronics/Long Island 

(516) 293-5775 

NEW YORK, Woodbury 
Harvey/New York 
(516) 921-8700 

OHIO, Cincinnati 
United Radio, Inc. 
(513) 761-4030 

OHIO, Cleveland 
Pattison Supply Co. 
Industrial Electronics Division 
(216) 441-3000 

PENNSYLVANIA, Philadelphia 
Almo Electronics 
(215) 676-6000 

PENNSYLVANIA, Pittsburgh 
RPC Electronics 
(412) 782-3770 

SOUTH CAROLINA, Columbia 
Dixie Radio Supply Co., Inc. 
(803) 253-5333 

TEXAS, Dallas 
Adleta Electronics Company 
(214) 741-3151 

TEXAS, Fort Worth 
Adleta Electronics Company 
(817) 336-7446 

TEXAS, Garland 
Kierulff Electronics, Inc. 
(214) 271-2471 

TEXAS, Houston 
Harrison Equipment Co., Inc. 
(713) 224-9131 

(212) 895-9260 

Delco 
Electronics 

VIRGINIA, Richmond 
Meridian Electronics, Inc. 
(804) 353-6648 

WASHINGTON, Seattle 
Kierulff Electronics, Inc. 
(206) 763-1550 

IN CANADA 

ONTARIO, Scarborough 

Lake Engineering Co., Ltd. 
(416) 751-5980 

ALL OVERSEAS INQUIRIES: 

General Motors Overseas Operations 
Power and Industrial Products Dept., 
767 Fifth Avenue, New York, N.Y. 
10022. Phone: (212)-486-3723. 

Delco Electronics 

Regional Sales Offices 

Union, New Jersey 07083 
Box 1018 Chestnut Station 
(201) 687-3770 

Van Nuys, California 91404 
Box 2968 
(213) 988-7550 

General Sales Office 
700 E. Firmin, Kokomo, Ind. 46901 
(317) 459-2175 
Operator (317) 457-8461 

GM 

Delco Electronics, Division of General Motors. 
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Now you can design 
linears your way. Our 
new single and dual 
programmable op amps 
offer greater economy 
and design flexibility, 
let you set your own 
parameter specifi-
cations, and minimize 
power consumption at 
the same time. 

All it takes to tailor the 
characteristics of our new 
HA-2720/2730 is one external 
resistor. This provides a master 
bias setting which will establish 
the desired current-flow through 
the devices. 

As a result, critical parameters 
such as bias currents, supply 
currents, bandwidth, slew rate, 
input noise, and others can be 
optimized to meet your particular 
needs. And because the devices 
have such a wide power supply 
range (±-- 1.2V to ± 18V) they can 
be used in an almost unlimited 
variety of linear designs. 

A single programmable op 
amp, the HA-2720 is a direct 
replacement for many currently 
available op amps, yet it offers 
superior performance features 
over all of them. Among these are 
a wider range of programming, 
higher slew rate and bandwidth 
at low power levels, superior 
output current, and lower noise 
current. The HA-2730 is a dual 
monolithic version of the 
HA-2720 with identical perfor-
mance features. 

For the user these devices 
offer substantial benefits. First, 
they are highly reliable because 

Prograng 
optimum 

they are short-circuit protected 
and have internal compensation 
with classical frequency 
response. They also provide you 
with considerable economy 
because the wide range of 
programming possible allows you 
to standardize your op amp 
inventory and change parameters 
as needed. Finally, by modulating 
the set current terminal you can 
minimize systems components 
and obtain such applications as 
VCO's, Wien bridge oscillators, 
and waveform generators. 

Among other applications are 

Typical Biasing Circuits 

HA-2720/30 Programming 

low power instrumentation, 
portable battery operated 
instruments, active filters, and 
hearing aids. For details see 
your Harris distributor or 
representative. 

Features 

Wide range A.C. programming 
Slew rate 0.06 to 6V/i./ s 
Gain x 
Bandwidth 5KHz to 10MHz 

Wide range D.C. programming 

Power supply range 
-± 1.2V to -± 18V 

Supply current 
lei A to 1.5mA 

Input bias current 
0.4 to 50nA 

Output current up to 15mA 

Suitable for direct replacement of: 
Fairchild A776 •I 
Solitron UC 4250 

HA-2720 National LM 4250 
I ntersil ICL-8021 

100-999 units 

HA-2725 0°C to +75°C $ 3.30 
HA-2720 -55°C to +125°C $ 8.80 
Supplied TO-99 
HA-2735 0°C to +75°C $ 7.15 
HA-2730 -55°C to +125°C $16.50 
Supplied TO-116 

SLEW 
RATE 

BAND 
WIDTH 

INPUT 
VOLT 
AGE 
NOISE 

INPUT 
CUR 
RENT 
NOISE 

OPTI 
MUM 
SOURCE 
RESIST 
ANCE 

BIAS 
CUR 
RENT 

POWER 
DISSI 
PAT ION 

OPEN 
LOOP 
VOLT 
AGE 
GAIN 

ISET 

POWER t 
SUPPLY 
VOLT 
AGE 

I BELL -
SHAPED 

DECREASE 

.111.1› 
NO CHANGE 

41 INCREASE 
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liable On Amos tor 
Solutions 

HA-2720 Single Programmable 
Operational Amplifier 

HA-2720 
TO-99 

ISE T 

OFFSET 
NULL 

INVERTING 
INPUT 

NON-INVERTING 
INPUT 

OUTPUT 

OFFSET 
NULL 

HA-2730 Dual Programmable 
Operational Amplifier 

Slew Rate 
vs. Supply Current 

Gain Bandwidth Product 
vs. Supply Current 

Output Current 
vs. Supply Current 

22 

18 

14 
OUTPUT 

CURRENT 

10 

6 

Vs - I5V 

HA 2720 

AJ A 776 

300 400 500 600 700 800 

SUPPLY CURRENT PiAl 
900 

Input Noise Current 
VS- Supply Current 

10-25 

10 -26 

MEAN 
SQUARE 
NOISE 10 -27 

CURRENT 
(A2 Fl.r) 

10 -28 

10 -29 
0 001 001 01 1.0 

SUPPLY CURRENT I mA) 

ir A 776 

HA-2720 

10 

Above comparative data curves were experimentally derived or extrapolated from published data sheets where available. 

ar HARRIS 
SEMICONDUCTOR 
A DIVISION OF HARRIS INTER T YPF CORPORATION 

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

WHERE TO BUY THEM ARIZONA: Phcentx -liberty Weatherford Scottsdale HAN (602) 946-3556 CAUFORNIA: Anahem Weatherford El Segundo - Liberty ,nerford Long Bear. flAff '' • , 
426 7687 Mounten View Elmer Palo Alto- VVeatherford HAR (415) 964-6443 Pornona Weathedord San L • tfertY COLORADO: Denver Elmer Weathe'' • • WASHI NGTON, D.C.: HAN .2' • • " 
FLORIDA: Hollywood Schweber Hameon. Melbourne - HAR (305)727 5430 GEORGIA: Atlanta -Schwebm ILLINOIS: Cbcago Schweber Schaumburg HAP -1 Schiller Park- Ha- INDIANA. 
I nchanaoolls Ploneer KANSAS: Lenexa - Harreton MARYLAND: Bane:lore HarmIton Rockville - Schweber MASSACHUSETTS: Leengton R&D Waltham Schwe: • • HAN (617) 237 5-; , MICHIGAN 
LIvona Ham/Ion Troy - Schweter MINNESOTA Edna - Harnllon MInreaoolis Schweber HAIR (612)432 6111 MISSOURI: Hazelwood - Hamann NEW JERSEY: Leda, Grove- Hamaton. Mt Laure, - Harrullon 
Somerset Schweber NEW MEXICO: Albuquerque VVeathertord NEW YORK: HAR (516) 249-4500 East Syracuse - Hamilton Syracuse HAN (315)463 3373 Rochter -Schweber VVestbury -Schweber 
NORTH CAROLINA: Raleigh Schweber OHIO: Beachwood Schweber Cleveland Roneer. Dayton - Pioneer. MAR 513) 226-0636 PENNSYLVANIA: Wayne - HAN (215) 687 6680 TEXAS: Dallas -Hamilton 
Weatherford HAN (214) 231-9031 HOuStOn Weatherford WASHINGTON: Seanle - 'Merry Weatherford 

LEGEND FOR HARRIS SALES OFFICES é DISTRIBUTORS: el ar r Is Semiconductor CHAR) Elmer Electronics (Elmer) Hamilton Aline! Electronics (Hamann) Harvey/R&D Electrones (R&D) Liberty Electrones 
(Ltberty) Pioneer Standard Electrones (Proneer) Schweber Electrones (Schweber) R V Weathedord Co (Weatherford) 
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ELECTRONIC and ALLIED INDUSTRIES 
Precision Paper Tube Co., 20,.,3 W. 

Charleston St., Chicago, III. 
Sonoco Products Co., Hartsville, S. C. 
Stone Paper Tube Co., 900 Franklin St., 

N. E., Washington, D. C. 
PHENOLIC TUBING—see In..idation 

Turntables  
PHONOGRAPH and TRANSCRIPTION 

TURNTABLES 
Alliance Mfg. Co., Lake l'ark Blvd., Al-

liance. Ohio 
Bateman Sound Systems, 680 Johnston 

St., Akron. Ohio 
Electrical Industries Mfg. Co., Red Bank, 

N. J. 
Electro Acoustic Co., 2131 Bueter Rd., 

Fort Wayne, Ind. 
Fairchild Aviation Corp., 88-06 Van Wyck 

Blvd., Jamaica, N. Y. 
Gates Companies. 200 Block Hampshire 

St., Quincy, Ill. 
General Communication Products Co., Lex-

ington Ave. at Vine, Hollywood, Cal. 
General Industries Co., 3537 Taylor St., 

Elyria, Ohio 
Harris Mfg. Co., 2422 W. Seventh St., 

Los Angeles, Cal. 
Mellaphone Corp., 65 Atlantic Ave., Roch-

ester. N. Y. 
Pacent Engineering Corp., 79 Madison 

Ave., New York, N. Y. 
Presto Recording Corp., 242 W. 55th St., 

New York. N. Y. 
Proctor Co., B. A., 2 W. 45th St., New 

York, N. Y. 
Radio Engineering Laboratories, Inc., 35-

54 36th St., Long Island City, N. Y. 
Ray Lab, Inc., 211 Railroad Ave., Elmira, 

N. Y. 
RCA Mfg. Co., Camden, N. J. 
Rek-O-Kut Corp., 173 Lafayette St., New 

York, N. Y. 
Robinson Recording Laboratories, 35 S. 

Ninth St., Philadelphia, Pa. 
Smith Co.. Maxwell, 1027 N. Highland 

Ave.. Hollywood, Cal. 
Sound Apparatus Co., 150 W. 46th St., 

New York, N. Y. 
Talking Devices Co.. 4451 W. Irving Park 

Rd., Chicago, Ill. 
Transformer Corp. of America, 69 Woos-

ter St., New York, N. Y. 
Warner Co., J. J., 1244 Larkin St., San 

Francisco, Cal. 
Waters-Conley Co., Rochester, Minn. 

Varnish  
see Finishes 

Vibrators  
HOME and AUTO RADIO VIBRATORS 

American Television & Radio Corp., 300 
E. 4th St., St. Paul, Minn. 

Electrical Products Co., 6535 Russell St., 
Detroit, Mich. 

Mallory k Co.. I'. R., 3029 E. Washing-
ton St.. Indianapolis, Ind. (See page 
50.) 

Oak Mfg. Co., 1260 Clybourn Ave., Chi-
cago. Ill. 

Radiart Corp., 3571 W. 62 St., Cleveland, 
Ohio 

Turner Co., Miff 17th St., N. E., Cedar 
Rapids, Iowa. 

United Motors Service, 3044 W. Grand 
Blvd.. Detroit. Mich. 

Utah Radio Products Co., 820 Orleans 
St., Chicago. Ill. 

Vibrapower Co.. James, 1551 Thomas St., 
Chicago, Ill. 

Washers  
LOCK WASHERS 

American Nut & Bolt Fastener Co., 2045 
Doerr St.. Pittsburgh, Pa, 

Clark Bros. Bolt Co., Milldale, Conn. 
Eaton Mfg. Co., Reliance Spring Washer 

Div., Massillon, Ohio 
Harper Co., H. M., 2630 Fletcher St., 

Chicago. Ill. 
Hobbs Mfg. Co., 26 Salisbury St., Worces-

ter. Mass. 
Industrial Sorevr & Supply Co., 711 W. 

Lake St., Chicago, Ill. 
Lewis Bolt & Nut Co., 504 Malcolm Ave., 

S. E., Minneapolis, Minn. 
Line Material Co., 740 N. Second St., 

Milwaukee, \Vis. 
National Lock Washer Co., 40 Hermon 

St., Newark, N. J. 

ELECTRONICS —June 1942 

(Parts, Accessories and Materials) 

Painut Co., in. Cordier St., I r‘ ington, 
N. J. 

Philadelphia Steel & Wire Corp., Penn 
St. & BeMeld Ave., Philadelphia, Pa. 

Positive Lock Washer Co., 131 Miller St., 
Newark, N. J. 

Shakeproof, Inc., 2565 N. Keeler Ave., 
Chicago, Ill. 

Thompson-Bremer & Co., 1640 W. Hub-
bard St., Chicago, Ill. 

Wrought Washer Mfg. Co., 2223 S. Bay 
St., Milwaukee, Wis. 

Waxes  
WAXES and COMPOUNDS 

Allied Asphalt ineral Corp., 217 
Broadway, New York, N. Y. 

Anaconda Wire & Cable Co., 25 Broad-
way, New York, N. Y. 

Austin Co., M. I3., 108-116 S. Desplaines 
St., Chicago, Ill. 

Bakelite Corp., 30 E. 42d St., New York, 
N. Y. 

Benolite Corp., Manor, Pa. 
Biddle Co., James G., 1213 Arch St., 

Philadelphia, Pa. 
Biwax Corp., 1017 S. Kolmar Ave., Chi-

cago, Ill. 
Candy & Co., 2515 W. 35th St., Chicago, 

Cochrane Chemical Co., 432 Danforth 
Ave., Jersey City, N. J. 

Continental-Diamond Fibre Co., 13 Chapel 
St., Newark, Del. 

Dolph Co., John C., 168A Emmett St., 
Newark, N. J. 

duPont Plastic Dept., Arlington, N. J. 
Electrical Engineers Equipment Co., 26th 

Ave. & Division St., Melrose Park, Ill. 
General Cable Corp., 420 Lexington Ave., 

New York, N. Y. 
General Electric Co., Appliance and Mer-

chandise Dept., Bridgeport, Conn. 
Georgia Rosin Products Co., Savannah, 

Ga. 
Glidden Co., 11100 Glidden Ave., Cleve-

land, Ohio 
G & W Electric Specialty Co., 7780 Dante 

Ave., Chicago, Ill. 
Halowax Corp., 247 Park Ave., New York, 

N. Y. 
Impervious Valli,' u *J., Rochester, Pa. 
Insil-X Co., 198 Lafayette Pi., Englewood, 

N. J. 
Insulatine Co., 1 Broadway, New York, 

N. Y. 
Insulation Manufacturers Corp., 565 W. 

Washington Blvd., Chicago, Ill. 
Irvington Varnish & Insulator Co., 10 

Argyle Terrace, Irvington, N. J. 
Johns-Manville, 22 E. 40th St., New 

York, N. Y. 
Line Material Co., 740 N. Second St., Mil-

waukee, Wis. 
Maas and Waldstein Co., 438 Riverside 

Ave., Newark, N. J. 
McGill Mfg. Co., Box 670, Valparaiso, Ind. 
Minerallac Electric Co., 25 N. Peoria St., 

Chicago, Ill. 
Mitchell-Rand Insulation Co., 51 Murray 

St., New York, N. Y. 
Nukem Products Corp., 70 Niagara St., 

Buffalo, N. Y. 
Okonite Co., Canal St., Passaic, N. J. 
Pioneer Asphalt Co., 435 N. Michigan 

Ave., Chicago, Ill. 
Robertson Chemical Co., 9808 Meech Ave., 

Cleveland, Ohio 
Rockbestos Products Corp., 308 Nicoll St., 

New Haven, Conn. 
Roebling's Sons Co., John A., Trenton, 

N. J. 
Rusgreen Mfg, Co., 14262 Efirwood Ave, 

Detroit, Mich. 
Sauereisen Cements Co., Sharpsburg Sta-

tion, Pittsburgh, Pa. 
Sterling Varnish Co., Haysville, Pa. 
Trotter & Co., E. T., 594 Johnson Ave., 

Brooklyn, N. Y. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa, 
Zophar Mills, Inc.. 112-26th St., Brook-

lyn, N. Y. (See Page 113,) 

WINDINGS—see Coils 

Wire  
POWER CORDS 

Alden Products Co., 117 Main St., Brock-
ton, Mass. 

Alpha Wire Corp., 50 Howard St., New 
York, N. Y. 

American Automatic Electric Sales Co., 
1033 W. Van Buren St., Chicago, Ill, 

American Electric Cable Co., Holyoke, 
Mass. 

American Metal Moulding Co., 146 Colt 
St., Irvington, N. J. 

American Steel & Wire Co., Rockefeller 
Bldg., Cleveland, Ohio 

Anaconda Wire It Cable Co., 25 Broad-
- way, New York, N. 1'. (See page 31.) 

Ansonia Electrical Wire Co., Ansonia, 
Conn. 

Audio Development Co., 1033 W. Van 
Buren St., Chicago, Ill. 

Austin Co.,. M. B., 108 S. Desplaines St., 
Chicago, Ill. 

Belden Mfg. Co., 4647 W. Van Buren St., 
Chicago, Ill. 

Birnbach Radio Co., 145 Hudson St., New 
York, N. Y. 

Boston Insulated Wire & Cable Co., 65 
Bay St., (Dorchester), Boston, Mass. 
(See page 166.) 

Camden Wire Co., Camden, N. Y. 
Circle Wire & Cable Corp., 5500 Maspetli 

Ave., Maspeth, N. Y. 
Clarostat Mfg. Co., 285 N. Sixth St., 

Brooklyn, N. Y. 
Collyer Insulated Wire Co., 249 N. Main 

St.. Pawtucket, R. I. 
Columbia Cable & Electric Co., Manly St., 

Long Island City, N. Y. 
Consolidated Wire & Associated Corps., 

Peoria & Harrison Sts., Chicago, Ill. 
Copperweld Steel Co., Glassport, Pa. 
Cornish \Vire Co., 16 Park Row, New 

York, N. Y. 
Crescent Cable Co., Front & Central Ave., 

Pawtucket, R. I. 
Crescent Insulated Wire & Cable Co., N. 

Olden Ave. & Taylor St., Trenton, 
N. J. 

Diamond Wire & Cable Co., Lowe Ave., 
Chicago Heights, Ill. 

Electric Auto-Lite Co., Wire Div., Port 
Huron, Mich. 

Essex Wire Corp.,. 37 Manchester St., De-
troit, Mich. 

Gavitt Mfg. Co., Brookfield, Mass. 
General Cable Corp., 420 Lexington, Ave., 

New York, N. Y. 
General Electric Co., Schenectady, N. Y. 
General Insulated Wire Works, 105 Gor-

don Ave., Providence, R. I. 
Graybar Electric Co., Lexington, Ave. at 

43d St., New York, N. Y. (Sole Dis-
tributors for Whitney Blake Co., New 
Haven, Conn.) 

Guthman Co., Edwin I., 400 S. Peoria St., 
Chicago, Ill. 

Habirshaw Cable & Wire Corp., 40 Wall 
St., New York, N. Y. 

Hatfield Wire & Cable Co., Hillside. N. J. 
Hazard Insulated Wire Works, Div. of 

The Okonite Co., Wilkes-Barre, Pa. 
Insuline Corp. of America. 30-30 Northern 

Blvd., Long Island City, N. Y. 
Kellogg Switchboard & Supply Co., 6650 

S. Cicero Ave., Chicago, Ill. 
Kennecott Wire & Cable Co., Phillipsdale, 

R. I. 
Kerite Insulated Wire & Cable Co., Sey-

mour, Conn. 
Knickerbocker Annunciator Co., 116 West 

St., New York, N. Y. 
Lenz Electric Mfg. Co., 1751 N. Western 

Ave., Chicago, Ill, 
Midland Wire Corp., 70 Hunter St., Tiffin, 

Ohio 
National Electric Products Corp., Fulton 

Bldg., Pittsburgh, Pa. 
New England Cable Co., Concord, N. H. 
New York Insulated Wire Co., 296 Madi-

son Ave., New York, N. Y. 
Okonite Co., Passaic, N. J. 
Packard Electric Div., General Motors 

Corp., Warren, Ohio 
Paranite Wire & Cable Corp., Jonesboro, 

Ind. 
Phelps Dodge Copper Products Corp., 

American Copper Products Div., 40 
Wall St., New York, N. Y. 

Philadelphia Insulated Wire Co., 220 N. 
Third St., Philadelphia, Pa. 

Rockbestos Products Corp., 308 Nicoll St., 
New Haven, Conn. 

Roebling's Sons Co., John A., Trenton, 
N. J. 

Rome Cable Corp., Rome, N. Y. 
Runzel Cord & Wire Co.. 4731 W. Mont-

rose Ave., Chicago, Ill. 
Simplex Wire & Cable Corp., 79 Sidney 

St., Cambridge, Mass. 
Strornberg-Carlson Telephone Mfg. Co., 

100 Carlson rid., Rochester, N. Y. 
Triangle Conduit & Cable Co., New Bruns-

wick, N. J. 
United States Rubber Co., 1230 Sixth 

Ave., New York, N. Y. 
Upson Walton Co., 1286 W. 11th St., 

Cleveland, Ohio 
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Before we wrote the only 
Computer User Plamwe built 
today's best planned computer. 

The Prime 300. 



The Prime Computer 
User Plan brings common sense 
to buying a computer. It recog-
nizes the simple fact that your 

'1 ---x needs might change someday. 
The Plan mtroduces 

• the first two-year guaran-
teed trade-in policy. It detnils 
the upward and downward 
compatibility features only 

Prime offers. In short, it gives 
every assurance you can always put a Prime 
system to use. 

We consider The Plan a new way to 
buy, use and upgrade computer systems. We 
also give you the stems to consider. The 
Prime 100,200 or 300. The chart below is a 
preview of what to expect in each. 

Standard Processor Features 
Prime 300 -• Virtual Memory- automatic paging, mapped 
Central — address translation to 256K words, restricted 
Processor execution mode, and memory protect. 
(1 board) 

Prime 200 
Central 
Processor— 
(1 board) 

Prime 100 
Central - 
Processor 
(1 board) 

• Stack Procedure Instructions 
• Micro Verification Routines** 
• Hardware Multiply/Divide and Double Precision 

Arith.* 
• DMC/DMT Capability* 
• Automatic Program Load From Input Devices 

(PTR, TTY, CR. MT, Disk)* 
• Memory Byte Parity 
• Processor Byte Parity 
• Full Addressing Modes-direct, indirect, and 

indexed in both sectored and relative modes 
• Virtual Instruction Package (VIP)- automatic 

trapping of unimplemented instructions and 
substitution of functionally equivalent 
software subroutines. 

• 8-Channel Programmable DMA 
• 4 Channel Full Duplex Asynchronous 

Serial Interface 
_• Multi-level Vectored Priority Interrupt System 

• Optionally available on Prime 100 and 200 
**Optionally available on Prime 200 

The chart suggests there's a little 300 in 
every Prime computer. Naturally, we planned 
it that way. Our 300 is just the reverse of the 
big box with a little computer inside. 

Other 300 features will tell you just 
how big it is. For instance, there's high-s 
MOS memory with 32K words per boarEL Up 
to 256K words per system. There's floating 
point arithmetic and writable control store, too. 
In short, there's everything you'll need in the 
computer you can plan with. Work out a multi-
function system or plan a multi-user arrange-
ment The diagram that follows is just one 
way to ga 

The Prime 300 supports a multi-user, 
virtual memory Disk Operating System 
(DOS VM) and a foreground/background Real 
Time Operating System (RTOS VM). 

A Prime 300 with virtual memory 
eaRily accommodates over a dozen users. 
What's more, each is guaranteed 64K words of 
virtual memory available to program in 
FORTRAN, BASIC, Macro Assembler and 
Micro Assembler. 

The system files and paging space are 
all provided by cartridge disk. Our new 
diskettes offer low cost storage for personal 
user files. 

A Prime 300 is good. How good can 
best be seen in The Plan. It shows how to up-
grade from the 100 right on to the 300. In the 
process, you don't change software. The time 
and expense of reprogramming are gone. You 
can also use the 300 as a software development 
system. The software will run on 100's or 20(Ys 
without modification. The Plan guarantees this 
kind of system compatibility. 

The Plan also goes into system integrity 
features. Memory Byte Parity and Processor 
Byte Parity are standard in the Prime 300. 
Micro-verification mutines (also standard) and 
controller loop-back allow you to isolate faults 
to a single board. 

MaG,' User Terminals , 

ir,4e, 

' •' „._k. .:-..--"Xr_77—:-.7,1r 

/ y 7 

(-1;;Z:07,--r ! 

:r2k Woni 
Memory 

Central 
Proressor 

System Option 
Contniller 

DiskController 

Diskette Controller 

Asynr. Mltiline Controller 

) Power Supply 

Milton Word 
/ I Cartridge' Disk 

Dual Diskettes 

Prime 300 Multi-User Disk Operating System 

The Plan then spells out our total 
service options. They run from comprehensive 
on-call service contracts to Prime's unique Air 
Spare System. With Air Spare, we'll air 
express, for a minimal charge, any backup 
boards you may need from our nearest service 
center.We'll make repairs on faulty boards 
and have them back in no time. Meanwhile, 
you'll be operating full-time thanks to Prime. 

There's more to The Plan. The best 
way to discover how much is to have your own. 
Send for it The coupon below, like the Prime 
300, will make it all possible. 

To: Prime Computer, Inc. 9 
23 Stratlunore Rd. 

I 

D Send the Planner 
Send The Plan 

I 

Natick, Ma. 01760 
0 S  

I (He'll call for an appointment) 

Name I 

III Title 

Company I 

II City Address 
 State Zip I 
i_11 PRIME 1 
. . 
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HERMES 
LOOP 
ANTENNA 

THREE SAMPLE SITES 
ON THE NORTH AMERICAN 
CONTINENT — 

DIFFERENT LATITUDES 
DIFFERENT CLIMATE 

FROBISHER BAY, CANADA 

MARSHFIELD, MASS. 

NEAR SAN DIEGO, CALIF. 

Gooc 
Listeners maintain 
a low profile 
Even in the solitude of the forest depths, from rooftops, 
arctic tundra, swamps to sweltering tropics, 'neath snow, 
sand or ice, 
the Hermes Loop antenna keeps an ear to the sky. 
The amazing aperiodic antenna does away with vast log 
periodic and rhombic arrays - those towering antenna 
farms. 
Excellent directional characteristics in rosette 
configuration, the Hermes loop antenna provides an 
omnidirectional broadband receiving array in space 
merely 1/100th that of the traditional antenna farm. 
More than 53 government agencies around the world have 
pressed the loop antenna into service. 
A new, even more compact version is available. 
Only Hermes Electronics makes it. 

ASK US Send for our Brochure 
Hermes Electronics Limited 
Suite 315 
2020 F Street NW 
Washington, DC 20006 USA 

202-296 2978 
TWX 710 822 1106 

2-32MH. 
BROADBAND 
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Technical articles 

Optical waveguides look 
brighter than ever 

Optical telecommunications systems could be practical today 
now that low-loss optical waveguides can be produced; 

eventual cost-competitiveness with wire and cable is promised 

by F.L. Thiel and W.B. Bielawski, Corning Glass Works, Corning, N.Y. 

El Optical waveguides are important transmission 
media of the future. Their promise of large bandwidths 
and freedom from crosstalk and interference has en-
couraged years of research, and this investment is now 
on the verge of paying off in wideband cable with low 
enough losses and low enough costs to allow cost-effec-
tive data links (Fig. 1) to be built. 

Optical frequencies can carry far more information 
than the much lower microwave frequencies. Hundreds 
of optic fibers, each carrying up to 1,000 telephone con-
versations, may be run in one cable with minimal cross-
talk, complete electrical isolation, and immunity to ex-
ternal electrical noise and interference with significant 
frequency response advantages over coaxial cable (Fig. 
2). Moreover, the medium should become directly cost-
competitive with coaxial cable and later even with 
twisted-wire pairs, since technical advances are decreas-
ing the cost of fibers while the cost of the raw materials 
of wire and cable are rising. 

Already the main thrust of fiber-optic engineering 
has shifted away from investigative research and toward 
system development and production. For instance, 
Corning Glass Works of Corning, N.Y., has recently 
signed agreements with several companies to develop 
waveguides for an optical telecommunications system. 
A pivotal event in the growth of R&D in optical commu-
nications was the production of several hundred meters 
of low-loss (decibels per kilometer) waveguide by Corn-
ing Glass Works in 1970. 
Concepts for long-range use of optical waveguides 

high in telephone system hierarchies, where bandwidths 
in excess of those obtainable with millimeter wave-
guides will be required, have progressed to the point 
where optical waveguides should be applicable 
throughout the telephone system. The same advantages, 
outlined in Table 1, hold promise of applications in the 
cable television, computer, military, process control, 
and instrumentation fields. 

Designing an optical link 

An optical link's performance can be predicted from 
the parameters of its component devices—a signal-mod-
ulated light source, coupled to a cable, coupled to a 
photodetector. For instance, bandwidth is determined 

by the input light source or its pre-amplifier or driver, 
by the dispersion in the optical waveguide, or by the de-
tector or its post-amplifier. Length of a link may be lim-
ited by input source power, input coupling efficiency, 
attenuation in the waveguide bundle, detector responsi-
vity, or detector noise. 

In the design of a link, the potential performance lim-
itations of all its components must be viewed together, 
so the performance achievable by the link can be rap-
idly assessed. It is helpful to plot bandwidth versus link 

SOURCE AND CABLE COUPLING 

DETECT AND OUTPUT COUPLING 

---
300m 
OPTICAL 
WAVÈGUIDE 
BUNDLE 

300-m 
OPTICAL 
WAVEGUIDE 
BUNDLE 

OUTPUT 
SIGNAL 

50 S2 

1. Tv link. Television signal intensity-modulates the LED. After trans-

mission down the cable, the detector converts this light intensity vari-

ation back into electrical modulation. Addition of the drive and re-

ceiver electronics is all that is necessary to convert a standard 

coaxial system into an optical cabling system. 
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2. Fibers versus coaxial cable. Optical waveguide exhibits a flat re-

sponse and temperature stability over a wide temperature range, un-

like coaxial cable. Coaxial links often require compensation of the 

roughly square-root dependence of their attenuation on frequency. 

length as in Fig. 3, in which three types of curves form 
boundaries on the region of acceptable link perform-
ance. (The specific values chosen in plotting these 
curves were measured in the laboratory or derived from 
manufacturers' data sheèts.) 
The first curve in Fig. 3, labelled source, shows a 35-

megahertz limit on bandwidth, independent of link 
length. This is typical of the modulation limit of the 
fastest commercial infrared-light-emitting diodes-other 
circuitry in the link can generally be made with a larger 
bandwidth and therefore does not set a limit to modu-
lation bandwidth. 
The second curve, labelled cable, shows the 3-decibel 

bandwidth limitation imposed by optical-waveguide 
dispersion (see "Attenuation and dispersion," p. 91) and 
was calculated from a pulse broadening of 1.5 nanose-
conds per kilometer, such as might be measured with an 
injection laser as source. Since this data would include 
both an intermodal (multimode group relay) dispersion 
component and a material dispersion component, the 
latter was scaled appropriately to account for an as-
sumed LED line width of 400 angstroms. (Multimode 
group delay dispersion refers to the varied times of ar-
rival of the different wavelengths emitted at one time by 
a light source; with each wavelength or mode is associ-
ated a group of photions, which travels at a different 
speed from groups associated with other wavelengths.) 
Dependence of link length on pulse broadening was as-
sumed to be linear for lengths up to 0.5 km and to vary 
as the square root of length beyond that distance. The 
assumptions on which this calculation was based are 
representative of certain multimode waveguides with 
graded index profiles. 
The third type of constraint, shown in Fig. 3 as a pair 

of curves labelled 60 dB and 20 dB, includes all the fac-
tors which limit signal-to-noise ratio at the detector. The 
signal-to-noise curves assume a relatively conservative 
25-dB coupling loss into the hexagonally close-packed 
fiber bundle termination. Waveguide bundle attenua-
tion is taken as 10 dB/km and the source is a Lamber-
tian LED with an output power of 10 milliwatts and a 
0.46-millimeter diameter. The minimum discernible sig-

DETECTOR 

PERFORMANCE 
REGION FOR OPTICAL 
LINK WITH 20-dB 
SIGNAL-TO-NOISE RATIO 

SOURCE 

CABLE 

3. Optical links' limitations. Performance limits for optical links are 

set by device parameters—the source, waveguide, and detector 

characteristics. Modulation (source) affects signal transmission 

bandwidth. Dispersion (waveguide) limits bundle length due to pulse 

broadening. The signal-to-noise ratio of the detector sets the lower 

limit on signal strength. 

nal or noise equivalent power at the detector in Fig. 3 is 
derived from manufacturers' data for a silicon ava-
lanche photodiode with a gain of 100 and a following 
transimpedance amplifier. 
The curve derived in this way represents a small-sig-

nal analysis in which detector shot noise, excess multi-
plication noise, the thermal noise of bias resistors, para-
sitic detector series resistance, and amplifier noise terms 
have all been included. 

Amplifier open-circuit gain is assumed to be very 
large throughout the frequency range of interest. Quan-
tum efficiency of the detector is assumed to be 50% 
throughout the frequency range of interest. All other 
parameters are extracted or calculated from manufac-
turers' data. 
To calculate the 60-dB curve in Fig. 3, it is first neces-

sary to find the power required at the detector. This 
power is the value from Fig. 4 (e.g., 1.5 x 10-9 watts at 
10 MHz), increased by a factor of 1,000 to give a 60-dB 
signal-to-noise ratio (e.g., 1.5 x 10-6 w at 10 MHz). This 
power is compared to the available power coupled into 
the waveguide bundle at the input (30 X 10-6 w in this 
case). The attenuation that can be accepted in the op-
tical-waveguide bundle itself (e.g., 10 logio 30/1.5 = 13 
dB) is converted to link length from the assumed atte-
nuation of 10 dB/km (i.e., 13 dB/km = 1.3 km). It is 
this computed length, monotonically decreasing with in-
creasing frequency, that is plotted in Fig. 3. 
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The 20-dB curve is obtained in the same manner ex-
cept that the desired signal-to-noise ratio at the detector 
is taken as 20 dB. 
As the analysis of Fig. 3 shows, the region of accept-

able link performance and its boundaries are defined by 
the system components. For short link lengths, the max-
imum LED modulation rate limits performance. As link 
length increases, dispersion in the optical waveguide 

Attenuation and dispersion in optical waveguides 

There are two types of attenuation in optical waveguides: 
absorption and scattering. Absorption attenuation is prin-
cipally attributable to impurities present in the waveguide 
glass, including transition metal and OH ions. Existing 
waveguide processes have reduced impurities to a level 
of a few parts per billion. 

Scattering attenuation is caused primarily by thermal 
and concentration fluctuations, but it may also include in-
homogeneities and artifacts introduced in the waveguide 
manufacturing process. Scattering is dependent on the 
operating wavelength and generally decreases with in-
creasing wavelength. In a waveguide having a total at-
tenuation of several decibels per kilometer, absorption 
and scattering account for comparable fractions of the 
total attenuation in the 800-nanometer region. The lowest 
attenuation achieved thus far has been 2 dB/km at 1.06-
micrometer wavelength. At this level, most of the attenua-
tion is scattering attenuation. 
An important consideration in using optical waveguides 

is the choice of operating wavelength. Two regions of low 
attenuation compatible with available optical sources are 
between 800 and 900 nm (GaA1As diodes) and at 1.06 
gm (neodymium YAG Lasers). Operation at wavelengths 
approaching the ultraviolet (below 0.5 gm) will result in 
significantly higher attenuation due to the intrinsic Ray-
leigh scattering and ultraviolet absorption present in all 
glasses. Operating at far infrared wavelengths (above 1.1 
gm) will result in increased attenuation due to absorption 
bands of OH including the fundamental peak at 2.7 gm 
and its tail and overtones at shorter wavelengths. Be-
tween 0.7 and 1.1 micrometers, the bulk of any absorp-
tion above 2 dB/km is due to OH absorption. Elimination 
of residual fiber water content leaves scattering as the 
major loss mechanism. 
Waveguide material properties and the spectral width 

2 

0.4 

0.2 

0.1 
2 0.08 0.1 0.2 0.4 0.6 0.8 1 

FIBER LENGTH (km) 
A. Losses over long transmission distances can be minimized if a 

fiber's index of refraction is tapered properly from core to clad-
ding. The loss is proportional to cable length over short distances 
to the square root of the length beyond 5 kilometers. 

of the light source are the fundamental determinants of 
bandwidth capability of optical waveguides. Bandwidth 
is further modified by the waveguide structure and fac-
tors related to the excitation and detection conditions 
and modal characteristics of the waveguide. 

For silica, material dispersion alone results in pulse 
spreading on the order of picoseconds in 1 km. Pulse 
spreading is markedly affected by the spectral width of 
the source. For LEDs, depending upon a particular de-
sign's characteristics, spectral width results in pulse 
spreading from just below 1 nanosecond to nearly 5 ns 
on 1 km of optical waveguide. A spectrally narrower, 
solid-state injection laser decreases the pulse spreading 
by approximately one order of magnitude. 
The most important factor related to the waveguide 

structure is the shape of the index profile. Some multi-
mode fibers are characterized by a "step" index profile. 
Difference in path length for a straight-through ray and a 
critical ray causes pulse spreading proportional to aper-
ture and length of fiber. Depending on waveguide param-
eters, this effect sets the waveguide bandwidth capability 
at some level below 108 bits per second over 1 km. 

Path length can be equalized by properly shaping the 
index profile. Experimental multimode waveguides with 
an approximately parabolic index profile have shown 
pulse spreading as low as 1 ns in a 1-km length. In some 
waveguide fibers, mode-mixing effects account for the 
very beneficial change in shape from a linear depend-
ence on distance of pulse spreading over short distances 
to a square-root-of-the-length dependence for distances 
greater than about 500 meters. 
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B. Both geometric and material dispersion spread an optical 
pulse as it propagates down a fiber. Dispersion is a function of 
center operating wavelength and the source optical bandwidth. 
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4. Good viewing. The minimum signal that can be detected with a 

typical avalanche photodiode and preamplifier combination is about 

10 nanowatts at 30 megahertz. 

forms the limit on 3-dB bandwidth. At some length, per-
formance is held back by the combined effects of lim-
ited input power, attenuation, and detector sensitivity 
and noise. 
Note that a 100 x increase in source power, or a 

100 x increase in source coupling efficiency, or a 100 x 
decrease in detector noise would move the 60-dB curve 
to the position now occupied by the 20-dB curve and 
move the 20-dB curve correspondingly to the right. 
However, a change in waveguide attenuation from 10 
dB/km to 2 dB/km would move these curves to the right 
by a distance factor of 5. Thus, extremely low values of 
attenuation (2 dB/km) have been achieved in optical 
waveguides, and such values pay handsome dividends 
where longer distances are required, especially if these 
can be achieved at reasonable cost. 

It is interesting to speculate on what would happen if 
a suitable injection-laser source capable of continuous-
wave operation at room temperature were available. 
Assuming such a source could couple 10 milliwatts of 
power at 900 nanometers into a single multimode fiber 
and could be modulated at rates up to 1 GHZ, with line 
width of 25 angstroms, and if all other assumptions in 
Fig. 3 remain unchanged, the performance shown in 
Fig. 5 would result. Because the laser line width is much 
narrower, dispersion is much less marked than when a 
relatively wideband LED is used as a source. The most 
striking change is that dispersion, rather than source 
modulation, becomes the performance limit throughout 
much of the useful operating range. 

Source coupling 

The maximum amount of power that can be coupled 
from a source into an optical waveguide bundle can be 
calculated from measurable properties of the source 
and bundle. In addition to geometrical parameters, a 
knowledge of the radiance of the source as a function of 

5. Laser alleviation. An injection-laser source would, by reason of 

its narrow emission line width, greatly reduce dispersion and in-

crease allowable link length and data rate. These sources are not yet 

commercially available in room-temperature cw versions. 

position and angle is another essential requirement. 
For example, consider a surface-emitting LED as the 

source and an hexagonally terminated close-packed 19-
fiber bundle as the receiver. The source, as viewed from 
the exterior, might typically have an emitting area 0.46 
mm in diameter. Its emission will be Lambertian—the 
radiance is constant when viewed from any direction in 
the forward hemisphere. The total power, Rs, emitted 
from the LED can be given by: 

Ps = Nsil s 

where Ns is the source radiance and A, its emitting 
area. 
The power accepted by the waveguide bundle, Pb, 

can be given as: 

Pb = NbAerY2 

where Nb and Ab are the radiance and area of the 
bundle, respectively, and y is the acceptance angle. 
Now by the principle of conservation of radiance, Nb 

is at best equal to Ns. Therefore: 

(Pb/Ab)ey2 is equal to or less than Ps/(A sm) 

and the maximum coupling efficiency is: 

ThPebiPs = Y2 (A/As) 
light-acceptingb  area of the bundle, Ab, iS just the 

cross-sectional areas of all of the cores within the 
bundle. However, the best one can do with a simple op-
tical system is to place the LED emission within a circle 
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TABLE 1: CHARACTERISTICS OF OPTICAL VVAVEGUIDES 

MINIMUM DIAMETER 
CIRCUMSCRIBED CIRCLE 

6. Circle Into hexagon. The bundle consists of 19 fibers, ending in a 

hexagonal metal connector. Along its length, however, the bundle 

has a circular PVC jacket. The minimum coupling loss is 19 dB. 

circumscribed about the light-accepting area. Thus Ab 
= fAc, where Ae is the area of the circumscribed circle 
and f is termed the packing fraction. 

Figure 6 shows the end of an hexagonally terminated 
close-packed 19-fiber bundle. Each fiber has an accept-
ance angle y = 0.14 rad and is 125 gm in diameter, with 
a light-accepting core that is 85 tim in diameter. The 
minimum-diameter circumscribed circle is also shown. 
The coupling efficiency calculated from the above pa-

rameters is Pb/P, = 1.3%. Equivalently, the coupling 
loss is 19 dB. Of this loss, 4.0 dB is attributable to the 
packing fraction of 40%. 

Since 19 dB is the minimum coupling loss achievable 
for the assumed source and bundle with a simple optical 
system, the assumption used in the text is assessing link 
performance was a more conservative 25 dB. 

A brilliant future 

Future developments should have much more dra-
matic results. Potentially, opto-cabling is capable of 
providing not just a high-performance, cost-effective al-
ternative to wire and coax but radically new system ca-
pabilities for designers. 
A 300-meter 10-MHz link is well within the limits of 

existing technology and should be producible and ser-
viceable. Over-all link performance is the result of deg-
radation introduced at every component of the system, 
while the fiber bundles themselves allow data trans-
mission bandwidth of one gigabit or more. 
An experimental data link, shown in Fig. 7, was built 

and evaluated. Adjustable gain of the input amplifier 
was provided to compensate for variations in perform-
ance caused by changed bundle lengths or unit-to-unit 
variations in sources, bundles, or detectors. 
The LED used in the system was biased in the middle 

of its operating range, although this can be easily modi-

Low-loss, broadband transmission 

Extended amplifier spacing over coax 

Low cost per channel 

Upgradable capacity with source/detector improvements 
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Small diameter, low weight, flexibility 

Low installation costs 

Limited duct space requirements 
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Durable under adverse temperatures, chemicals, 
and radiations 

Provides circuit isolation 

Non-shorting 

Immune to electromagnetic interference or 
impulse induced errors 

Difficult to tap 

fled for an application involving only unipolar inputs. It 
was protected from being overdriven by saturation of 
the input amplifier. Table 2 lists the fixed parameters of 
the link. Data was taken with a 50-ohm load. Figure 8, 
which shows typical insertion gain (output divided by 
input) characteristics versus frequency of the system, 
demonstrates prototype performance, although at the 
present time optical fiber links can only compete with 
coaxial cable over very long distances. 
However, optical waveguides are potentially appli-

cable throughout the telecommunication system hier-
archy. The higher the channel density, the more favor-
able the figure of merit for the installed cost per channel 
mile. In fact, system designers may well choose to de-
sign fewer layers of system hierarchy because wave-
guides, when carrying a large number of channels, will 
not represent a significant system cost. 
The upper boundary of optical waveguide pene-

tration into telecommunication systems will probably 
be determined by a complex tradeoff among the output 
power and modulation rate of feasible sources, such 
waveguide properties as attenuation, bandwidth, aper-
ture, and the cost of multiplex and input/output elec-
tronics. The lower boundary will be determined primar-
ily by waveguide cost in comparison to conductors such 
as twisted-wire pairs. Although development work con-
tinues, and a large investment in production facilities 
will be required, it is reasonable to expect optical wave-
guides eventually to become directly cost-competitive 
with communication wire. 

Categories of applications 

Five major applications categories for low-loss optical 
waveguide conductors are listed in Table 3. 
Use of optical waveguides in telephone transmission 

clearly represents their largest potential application. 
The principal motive here would be the economy deriv-
ing from their large bandwidths and low attenuation. 
Small size and bending radius are also important where 
the available duct space is limited, as in most major 
cities and even more acutely in areas like office or data 
processing complexes. Minimal crosstalk and noninter-
ference are also important. 

In telephone systems, waveguide cables will consist of 
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Low-loss optical waveguides 

Crucial to any telecommunications application is the 
availability of quantities of low-loss waveguides. Corn-
ing makes two forms of low-loss optical waveguide. 
One is Kinar-coated waveguide bundles characterized 
by total attenuation below 30 dB in standard lengths of 
1 kilometer. The other is fiber-optic bundles, consist-
ing of 19 fibers packaged in a PVC jacket, which have 
a total attenuation of 30 dB/km in lengths of 500 me-
ters. 

Currently available bundles are intended for labora-
tory work and demonstrations of system feasibility, 
and not as practical field cables. Development has, 
however, begun on waveguide packing techniques to 
yield conductors with handling properties comparable 
to those of small-diameter coaxial cable. 

Individual multimode fiber parameters are: 
• An outer diameter (coated) of 135 micrometers. 
• A core diameter of 85 micrometers. 
• A core refractive index of 105. 

• A numerical aperture (size of the half angle of the 
acceptance core) of 0.14. (The square of the nu-
merical aperture is a measure of the light-accepting 
capacity of a fiber.) 
• Attenuation at 820-nm wavelength of 30 dB/km. 

Fiber bundles of multimode optical waveguides 
available in the 500-meter maximum length have an 
outside diameter of 3 mm and an attenuation of 30 
dB/km at an 820-nm wave length. 

up to several hundred fibers, each used as a separate 
physical channel. Present multimode fibers would be 
suitable, now that their bandwidth capability has reached 
several hundred megabits per second in 1-km lengths. 
However, a key component, which is required if optical 
waveguides are to be fully exploited in high-data-rate 
telephone transmission, is a high-bandwidth source ca-
pable of coupling enough power into a single fiber to 
achieve long-distance transmission. The preferred 
source would be a continuous-wave, room-temperature, 
reliable, solid-state injection laser, though improved 
light-emitting diodes may prove adequate for some 
applications. 

Suitable cables must be developed, and their long life 
(20 to 40 years) proven. Splicing ability and provision 
for carrying dc currents needed for signaling and re-
peater power supplies are two additional developmental 
problems receiving attention in several laboratories. 
The broad-network category of optical waveguide ap-

plications includes CATV and interactive-cATv ranging 
from the "wired city" concept to a variety of dedicated 
communications networks for use in education, hospi-
tals, commercial, industrial, and military environments. 
The larger bandwidth and low attenuation of an optical 
link could carry several dozen Tv channels, and repeat-
ers could be spaced several miles, instead of half a mile, 
apart. In addition to obvious cost savings, this reduction 
in repeater requirements also proportionately decreases 
accumulated distortion, noise, and phase and amplitude 
nonlinearities. No appreciable change in the trans-
mission characteristics of optical waveguides is found 
over the ordinary range of operating temperatures, nor 
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is frequency or delay compensation likely to be needed, 
further simplifying the amplifier and minimizing its 
cost. 

The principal barrier to the development of broad-
band networks is, again, lack of a waveguide-compat-
ible source suitable for analog transmission of many 
video channels. Solid-state injection lasers that operate 
continuously at room temperature, although under de-
velopment, are not commercially available. Existing 
LEDs, in addition to having marginal modulation rates 
and inadequate power, are relatively nonlinear and are 
therefore unsuitable for transmission of multichannel 
analog Tv signals. 

Computer applications 

Computer systems for general data processing, indus-
trial process control, and military applications, on the 
other hand, could make immediate use of optical wave-
guides. 

Proposed applications include the interconnection of 
the principal peripherals to the central processing unit 
in large computer systems, or the interconnection of 
CPUS to remote interactive terminals in dispersed sys-
tems for data processing, process control, command and 
control, general communications, or instrumentation. In 
addition to benefiting from low attenuation, large band-
width, and low cost, engineers involved in applying op-
tical waveguides to computer systems anticipate reach-
ing an equalized system-transfer-rate, which will give 
them new systems options for centralized processing 
and storage, buffering, reformatting, and display re-
freshing. 

But in this context perhaps the dielectric nature of 
optical waveguides is their most important feature, es-
pecially relative to process control and systems for use 
in electromagnetically adverse environments. It results 
in immunity to dc- and rf-induced noise, elimination of 
ground loops and ground plane noise, immunity to 
electromagnetic pulse (EmP), minimal crosstalk, and a 
high degree of intrinsic data security. From a systems 
standpoint, these properties make optical waveguides 
especially attractive for applications requiring low error 
rates and appreciable bandwidth or distance—a combina-
tion of requirements that conventional conductors find 
it most difficult to meet in any real-time system where 
the effective system error rate cannot be improved by 
"retry/retransmit" techniques. 

In addition to providing a moderate-cost cable that is 

TABLE 2: OPTICAL LINK SPECIFICATIONS 

Input impedance 

Maximum input voltages 

Input amplifier gain adjustment range 

Output impedance 

Output noise voltage 

50 sz 

±-1 V 

>15 dB 

<10 n 

1 mVrms 

•Measured with transmitter and receiver energized, with no input 
voltage applied; quoted value is true rms noise voltage for the full 
operating bandwidth. 
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7. Linked with light. A 300-meter link was constructed from readily available components. Aside from cost competitiveness with high-grade 

coaxial cable, the glass fibers are immune to interference, have negligible crosstalk, and are impervious to chemical and electrical environ-

ments that would seriously degrade performance of standard coaxial cables. 

easy to install and repair, waveguides in computer ap-
plications could also take advantage of improved 
sources, especially with respect to radiance and band-
width. Integrated source/detector packages for duplex 
operation would also be desirable. Fortunately, the re-
quired improvements are of the "engineering develop-
ment" type—they do not hinge on inventions. They will 
undoubtedly result in increased cost effectiveness and 
applicability of waveguide links, but are not prerequis-
ite to applications development work, which can be 
based on immediately available components. 

Instrumentation 

The broad array of instrumentation applications that 
has been proposed for optical waveguides can be classi-
fied into five groups—laser/optical, electronic, nuclear, 
electrical, environmental, and medical/dental. 

Optical replacements for coaxal cable in large band-
width applications could provide inexpensive, inter-
ference-free, instrument-to-instrument hookups. In op-
tical instrumentation systems, for example, especially 
those involving lasers and integrated optical compo-
nents, optical waveguides have already been used as in-
terconnection cables, making beam-shuttling and -cou-
pling more convenient and allowing experimental 
equipment configurations not possible before. 

In nuclear instrumentation, signals often originate in 
optical form, and here the bandwidth of optical wave-
guide may permit acquisition of signals that could not 
otherwise be captured. This area is being investigated 
by several nuclear research laboratories. 

In electrical power generation and distribution sys-
tems, the most pressing requirement is for emi-free elec-
trically isolated links for signalling when to execute pro-
cess changes and for error-free reporting on the status 
of the power apparatus. Corning has been studying the 
power-handling capabilities of fibers for these purposes. 

In spectral sensing—the identification of atmospheric 
contaminants by their characteristic optical spectral 
wavelengths—for pollution control or other forms of en-
vironmental monitoring, waveguides would be used pri-
marily in conjunction with existing optical systems as 
interconnect cables or to establish bypass or calibration 
paths. 

Medical/dental applications of optical waveguides 
are of both technical and human interest. Several sys-
tem concepts, often laser-based and utilizing both the 
data-transmission properties of fibers and their power-
handling capabilities have been proposed for surgical, 
therapeutic or preventative procedures. Some are al-
ready in use. But the effectiveness of many such proce-
dures could be greatly enhanced if a flexible and com-
pact delivery system were available to separate the 
patient and the apparatus, i.e, laser. Certain procedures 
such as body-cavity examination or internal surgery, al-
most demand a flexible delivery system. 
Of specific interest for medical/dental applications, 

as well as for certain industrial applications, is the fact 
that solid glass waveguides can support surprisingly 
high power levels ranging up to tens of megawatts per 
square centimeter. 
A problem common to all five instrumentation areas, 
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(Parts, Accessories and Materials) 

Walker Bros., Conshohocken, Pa. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 
Wheeler Insulated Wire Co., 378 Wash-

ington Ave.. Bridgeport, Conn. 
Whitney Blake Co.—see Graybar Electric 

Co. 
York Insulated Wire Works Div. of Gen-

eral Electric Co., York, Pa. 

ANTENNA WIRE 
Acme Wire Co., New Haven, Conn. 
Alpha Wire Corp., 50 Howard St., New 

York, N. Y. 
American Brass Co., Waterbury, Conn. 
American Steel & Wire Co., Rockefeller 

Bldg., Cleveland. Ohio 
Boston Insulated Wire & Cable Co., 65 

Bay St., (Dorchester), Boston, Mass. 
(See page 166.) 

Chase Brass & Copper Co., 236 Grand St., 
Waterbury, Conn. 

Crescent Insulated Wire & Cable Co.. 
Olden & Taylor Aves., Trenton, N. J. 

Electric Auto-Lite Co., Wire Div., Port 
Huron, Mich. 

Gavitt Mfg. Co., Brookfield. Mass. 
General Cable Corp., 420 Lexington Ave., 

New York, N. Y. 
General Electric Co.. Schenectady. N. Y. 
Keystone Steel & Wire Co., Peoria, Dl. 
New England Electrical Works, 365 Main 

St., Lisbon, N. H. 
Roebling's Sons Co., John A., Trenton, 

N. J. 
Spargo Wire ('o., 255 E. Railroad Ave.. 

Rome. N Y 

HIGH VOLTAGE WIRE 
Alpha Wire Corp., 50 Howard St., New 

York, N. Y. 
American Steel & Wire Co., Rockefeller 

Bldg., Cleveland, Ohio 
Anaconda Wire & Cable Co., 25 Broad-

way. New York, N. Y. (See page 31.) 
Boston Insulated Wire & Cable Co., 65 

Bay St., (Dorchester), Boston, Mass. 
(See page 166.) 

Crescent Insulated Wire & Cable Co., 
Olden & Taylor Aves., Trenton, N. J. 

Diamond Wire & Cable Co., 128 E. 16th 
St., Chicago Heights, 

Driver-Harris Co., Harrison, N. J. 
Driver Co., Wilbur B., Riverside Ave., 

Newark, N. J. 
General Cable Corp., 420 Lexington Ave., 

New York. N. Y. 
General Electric Co., Schenectady, N. Y. 
Graybar Electric Co., Lexington Ave. at 

43d St., New York, N. Y. (Sole Dis-
tributors for Whitney Blake Co., New 
Haven, Conn.) 

Habirshaw Cable & Wire Corp., 40 Wall 
St., New York, N. Y. 

Industrial Pyrometer & Supply Co., 142 
Hack St., Alton, Ill. 

Jeliff Mfg. Corp., C. 0., 200 Pequot Ave., 
Southport, Conn. 

National Electric Products Corp., Fulton 
Bldg., Pittsburgh. Pa. 

Okonite (7o., Canal St., Passaic. N. J. 
Phelps Dodge Copper Products Corp., 40 

Wall St., New York, N. Y. 

1942-1943 BUYER'S GUIDE for the 
Rhode Island Insulated Wire Co.. 50 

Burnham Ave., Providence, R. I. 
Rock bestos Products Corp., 309 Nicoll St., 

New Haven, Conn. 
Roebling's Sons Co., John A., Trenton, 

N. 
Rome Cable Corp., 330 Ridge St., Rome, 

N. Y. 
Whitney Blake Co.—see Graybar Elec-

tric Co. 
York Insulated Wire Works Div.. General 

Electric Co., York, Pa. 

HOOKUP WIRE 

Acorn Insulated Wire Co., 225 King St., 
Brooklyn, N. Y. 

Alden Products Co., 715 Center St., Brock-
ton, Mass. 

Alpha Wire Corp., 50 Howard St., New 
York, N. Y. 

Anaconda Wire & Cable Co., 25 Broad-
way, New York, N. Y. (See page 31.) 

Belden Mfg. Co., 4647 W. Van Buren St., 
Chicago, Ill. 

Birnbach Radio Co., 145 Hudson St., New 
York, N. Y. 

Boston Insulated Wire & Cable Co., 65 
Bay St., (Dorchester) Boston. Mass. 

Consolidated Wire & Associated Corps.. 
Peoria & Harrison Sts., Chicago, Ill. 

Cornish Wire Co., 15 Park Row, New 
York, N. Y. 

Crescent Insulated Wire & Cable Co.. 
Trenton, N. J. 

Electric Auto-Lite Co., Wire Div., Port 
Huron, Mich. 

Essex Wire Corp., 14310 Woodward Ave., 
Detroit, Mich. 

Fleron & Son, Inc., M. M., 113 N. Broad 
St., Trenton. N. J. 

General Cable Corp., 420 Lexington Ave., 
New York, N. Y. 

General Insulated Wire Corp.. 53 Park 
Pl., New York, N. Y. 

Lenz Electric Mfg. Co., 1751 N. Western 
Ave., Chicago, Ill. 

Lowell Insulated Wire Co., 171 Lincoln 
St., Lowell, Mass. 

Phelps Dodge Copper Products Corp., 40 
Wall St., New York. N. Y. 

Plastoid Corp., 17 Vandewater St., New 
York, N. Y. 

Precision Tube Co., 3828 Terrace St., 
Philadelphia, Pa. 

Rockbestos Products Corp., 308 Nicoll St.. 
New Haven, Conn. 

MAGNET WIRE 

Acme Wire Co., 1255 Dixwell Ave., New 
Haven, (onn. 

American Steel & Wire Co., Rockefeller 
Bldg., Cleveland. Ohio 

Anaconda Wire & Cable Co.. 25 Broad-
way, New York, N. Y. (See page 31.) 

Ansonia Electrical Co., Ansonia, Conn. 
Belden Mfg. Co., 4647 W. Van Buren St., 

Chicago, Ill. 
Bradford, Kyle & Co., Plymouth, Mass. 
Chase Brass 8c Copper Co., 236 Grand St., 

Waterbury, Conn. 

Cornish Wire Co., 16 Park Row, New 
York, N. Y. 

Crescent Insulated Wire & Cable Co., 
Olden & Taylor Aves., Trenton, N. J. 

Electric Auto-Lite Co., Wire Div., Port 
Huron, Mich. 

Essex Wire Corp., 14310 Woodward Ave.. 
Detroit, Mich. 

General Cable Corp., 420 Lexington Ave., 
New York, N. Y. 

General Electric Co., Schenectady, N. Y. 
Holyoke Wire & Cable Corp., 720 Main 

St., Holyoke, Mass. 
Kennecott Wire & Cable Co. (Phillips-

dale), Providence, R. L 
Lenz Electric Mfg. Co., 1751 N. Western 

Ave., Chicago, Ill. 
Massachusetts Electric Mfg. Co., 11 Mar-

gin St., West Lynn, Mass. 
New England Electrical Works, Lisbon, 

N. H. 
Phelps Dodge Copper Products Corp., 40 

Wall St., New York. N. Y. 
Philadelphia Insulated Wire Co.. 200 N. 

Third St., Philadelphia, Pa. 
Rea Magnet Wire Co., E. Pontiac St.. Fort 

Wayne, Ind. 
Rockbestos Products Corp., 308 Nicoll St., 

New Haven, Conn. 
Roebling's Sons Co., John A., Trenton. 

N. J. 
Rome Cable Corp., 330 Ridge St., Rome, 

N. Y. 
Wheeler Insulated Wire Co., 378 Wash-

ington Ave., Bridgeport, Conn. 
Minted Div. of Hudson Wire Co., Ma-

sted, Conn. (See page 97.) 

RESISTANCE and FILAMENT WIRE 

Alloy Metal Wire Co., 13th St. & Penn-
sylvania Ave., Moore, Pa. 

American Brass Co., Waterbury, Conn. 
American Steel & Wire Co., Rockefeller 

Bldg., Cleveland, Ohio 
Callite Tungsten Corp., 544 39th St., Union 

City, N. J. 
Colin, Sigmund, 44 Gold St., New York, 

N. Y. (See page 148.) 
Driver Co., Wilbur B., 150 Riverside Ave.. 

Newark, N. J. 
Driver-Harris Co., 201 Middlesex St.. Har-

rison, N. J. 
Hoskins Mfg. Co., 4447 Lawton Ave., De-

troit, Mich. 
.Telliff Mfg. Corp., C. 0., 200 Pequot Ave., 

Southport, Conn. 
Prentiss & Co., George W., 439 Dwight 

St., Holyoke, Mass. 
Rockbestos Products Corp., 30S Nicoll 

St., New Haven, Conn. 

SHIELDED WIRE 
Belden Mfg. co., 4673 W. Van Buren St., 

Chicago. 
General Cable Corp., 420 Lexington Ave., 

New York, N. Y. 
Precision Tube Co., 3828 Terrace St., 

Philadelphia, Pa. (See page 147.) 
Uniform Tubes, Shure Lane & Lauriston 

St., Roxhorough, Philadelphia, Pa. 
(See pore 17r.) 

ELECTRICAL INSTRUMENTS 
Adapters  

TEST ADAPTERS 

Alden Products Co., 117 Maui St., Brock-
ton, Mass. 

American Radio Hardware Co., 476 
Broadway, New York, N. Y. 

Bud Radio, Inc., 2118 E. 55th St., Cleve-
land, Ohio 

Insuline Corp. of America, 30-30 Northern 
Blvd., Long Island City, N. Y. 

Million Radio & Television Labs., 685 W. 
Ohio St. chleago. 

Radio City Products Co., 127 W. 26th St., 
New York, N. Y. 

RCA Mfg. Co., Camden, N. J. 
Readrite Meter Works, College Ave., 

Bluffton, Ohio 
Triplett Electrical Instrument Corp., 286 

Hermon Rd., Bluffton, Ohio. 
Triumph Mfg. Co., 4017 W. Lake St., 

Chicago, Ill. 
Webber Co., Earl, 4358 W. Roosevelt Rd., 

rhicago, 

Ammeters  
••••• \let err. 

1)-2 I 

Analyzers  

CIRCUIT ANALYZERS 

Aerovox Corp., 740 Belleville Ave., New 
Bedford, Mass. 

Audio-Tone Oscillator Co., 60 Walter St., 
Bridgeport, Conn. 

Carron Mfg. Co., 415 S. Aberdeen St., 
Chicago, Ill. 

Clough-Brengle Co., 5501 Broadway, Chi-
cago, Ill. 

Electrical Research Products Inc., 76 
Varick St., New York, N. Y. 

Ferris Instrument Corp., Boonton, N. J. 
General Electric Co., Schenectady, N. Y. 
General Radio Co., 30 State St., Cam-

bridge, Mass. 
Hewlett-Packard Co., 481 Page Mill Rd., 

Palo Alto, Cal. 
Hickok Electrical Instrument Co., 10514 

Dupont Ave., Cleveland, Ohio 
H-W Mfg. Co., 3124 Larga Ave., Los 

Angeles, Cal. 
Industrial Instruments, Inc., 156 Culver 

Ave., Jersey City, N. J. 
Jones-Orine Co., 1645 Hennepin Ave., St. 

Paul Minn. 
Mallory & Co., P. R., 3029 E. Washing-

ton St., Indianapolis, Ind. 

Meissner Mfg. Co., Mt. Carmell, Ill. 
Million Radio & Television Laboratories, 

1617 N. Damen Ave., Chicago, Ill. 
Morrison Co., J. L. D., Silver Spring, Md. 
Philco Radio & Television Corp., Tioga 

& C Sts., Philadelphia, Pa. 
Precision Apparatus Co., 647 Kent Ave., 

Brooklyn, N. Y. 
Radio City Products Co., 127 W. 26th St., 

New York, N. Y. 
RCA Mfg. Co., Camden, N. J. 
Readrite Meter Works, College Ave., Bluff-

ton, Ohio 
Shalicross Mfg. Co., 10 Jackson Ave., Col-

lingdale, 
Simpson Electric Co., 5218 W. Kinzie St., 

Chicago, Ill. 
Supreme Instruments Corp., Greenwood, 

Miss. 
Televiso Products, Inc., 2400 N. Sheffield 

Ave., Chicago, Ill. 
Triplett Electrical Instrument Co., 286 

Harmon Rd., Bluffton, Ohio 
Triumph Mfg. Co., 4017 W. Lake St., 

Chicago, Ill. 
Webber Co., Earl, 4358 W. Roosevelt Rd., 

Chicago, Ill. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 
Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave., Newark, N. J. 
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TABLE 3: MAJOR CATEGORIES OF APPLICATIONS FOR LOW-LOSS WAVEGU1DE CONDUCTORS 

Application 

Telephone 

Broadband networks 

Computer 

Process control 
and instrumentation 

Military 

Principal Functions 

Intercity trunks 

Interoffice trunks 
Local loops 

CATV 
Wired city (community) 
Dedicated communication 

networks 

Dispersed system 
lntrasystem wiring 

Computer-based industrial 
process control 

Instrumentation 

Internal wiring of 
weapons systems 

Tethers for instrument 
packages attached to 

weapons/surveillance 
systems 

Key Advantages 

High bandwidth 

Infrequent repeater spacing 

(low attenuation) 
Small size 

Increased amplifier spacing 
Simpler transmission-line 

characteristics (probably 
no need for frequency and 
delay compensation) 

Non-interference (security) 

Equalized transfer rate 
Immunity to interference 

Immunity to interference 
Unique properties 

Immunity to emi/emp 
Intercept security 

Size/weight 

Still to be Developed 

High-radiance source for 
single-fiber operation 

Cable structures 

High-bandwidth, linear 

source 
Inexpensively packaged 

fibers 

Improvement desired in 
source bandwidth and 
radiance 

Desired an array of 

compatible input/ 
output transducers 

Specialty cable structures 
Compatible interconnection 

hardware 

however, is that the transducers developed for conunu- - 
nications purposes are often ineffective in instruments. 
Many conventional instrumentation transducers, which 
generally convert some nonelectric phenomenon into an 
electrical signal, also may prove inappropriate. 

Military uses 

The military and Government agencies in general are 
major users of all types of communications. The princi-
pal military applications lie in the internal wiring of 

MAXIMUM INPUT AMPLIFIER GAIN le, = 1.5 mV,,,,$) 

MEDIUM INPUT AMPLIFIER GAIN (e, = 10 mV,-„,$) 

MINIMUM INPUT AMPLIFIER GAIN (e, = 45 mV,-,.„,) 

105 106 

FREQUENCY (Hz) 

8. Visible performance. The system shown schematically in Fig. 1 

showed no input-to-signal reduction at maximum amplifier gain, up 

to 30 MHz. Increasing the input amplifier gain allowed smaller input 

signals (e,). For a fixed input the output varies by about + 50% to 

-50% to -40°C to + 60°C temperature range. 

weapons systems, whether in aircraft, helicopter, ship, 
or submarine, and in the external wiring for instrument 
packages attached to, suspended from, or towed by the 
weapon system. Both categories include data-link and 
data-bus configurations. Also of interest to the military 
are various tethers, like those for missiles, torpedoes, 
and for surveillance systems operated from shore, air-
craft, ship or submarine. 

Probably more than anyone else, the military is inter-
ested in the optical waveguide's immunity to electro-
magnetic interference (emi) and electromagnetic pulse 
(emp). Almost as important to the military are the small 
size and light weight, plus probably the noncatastrophic 
failure mode of optical-waveguide connectors, the op-
tical waveguide conductors' gradual loss of capability 
under emergency conditions like on-board fire, and 
their safety and intercept security. Several development 
programs involving essentially all of the key properties 
of optical waveguides are currently under way [Elec-
tronics, Dec. 20, 1973, p. 30]. 
To satisfy military requirements, however, some spe-

cial packaging techniques will have to be developed. 
Often, the proposed cable structures are different from 
those being developed for civilian purposes. As in other 
areas of application, complete interconnection hard-
ware must be made available, meeting military environ-
mental requirements and having repair and service ca-
pabilities. 
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J.D. Crow, "Power Handling Capability of Glass Fiber Lightguides." to be submitted to Ap-
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The colossal 
o 

Zeltex high 
performance DAC's. 
If you are finding it hard to solve D/A 
converter problems, here's how our 
ZD 300 series can help you five ways: 

1. 14 bits for high resolution. 

2. A multiplying DAC for servo and 
display applications. 

3. A fast-settling DAC - 1 sec. 
to 0.005%. 

r4. A highly linear DAC ± 0.005% FS. 

r5. And the price is right (from 
$75, 100's). 

The ZD 300 series DACs are a result 
of ZELTEX's unique product design 
and manufacturing technologies, 
the same technologies which have 
produced a compre-
hensive line of D/A and 
AID converter problem 
solvers. Phone (415) 
686-6660 to find out 
fast how you can put 
ZELTEX Micro Giants to 
work, solving your 
systems design 
problems. ZELTEX, INC. 
940 Detroit, Concord, 
California 94518 
(415) 686-6660 
TWX 910-481-9477 

The Micro Giants. 

er! 
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Designer's casebook 

Ordinary cassette recorder 
can be full-time phone monitor 
by G. Breindel 
University of Washington, Seattle, Washington 

A simple circuit can convert an inexpensive conven-
tional cassette-type recorder into a telephone recorder 
that automatically tapes all incoming and outgoing 
calls. Parts cost is less than $5, and there's no need to 
modify the recorder's internal circuitry. The circuit will 
work, provided that the recorder has a microphone 
(audio in) jack and a remote power jack (a jack for the 
remote control of power to the recorder's internal cir-
cuitry). 

Besides automatically taping all calls, the circuit 
makes a recording (in pulse or tone format) of all the 
numbers dialed from the line to which it is connected. It 

acts as only a negligible load on the phone line, and it 
draws very little current when the phone is not in use. 
Even so, such a phone-line attachment should be ap-
proved by your local telephone company. 
When the phone receiver is on the hook, transistor Qi 

is on while transistor Q2 is off. When the receiver is off 
the hook, the phone-line voltage drops to less than 10 
volts. Transistor Qi now turns off and transistor Q2 
turns on, energizing the reed relay, which shorts the 
recorder's remote jack and starts the recording process. 
The diode bridge permits the circuit to be connected 

to the phone line without regard to polarity. The two ca-
pacitors provide the necessary audio coupling while iso-
lating the recorder from the phone line. Power for the 
circuit can be obtained from the recorder's own battery 
supply (four type-D cells) or from a separate 6-v bat-
tery. 
To comply with phone company regulations, a tone 

should be heard on the line every 15 seconds. This can 
be easily accomplished by adding a couple of unijunc-
tion transistors to the circuit. 

ON 
HOOK 

60 V1 

6V--
OFF 
HOOK 

2.2 MS2 

0.01,(IF 470 12 

(1,000 V) 

0.01 biF 
100 12   TO MICROPHONE JACK 

2.2 M12 

PHONE 
LINE 

(1,000 V) 

470 kf2 

100 k12 1 pF 

220 kS2 

470 1(12 

o 

+6 V 

TO 
REMOTE 

>POWER 
JACK 

REED RELAY 

TRIRIDGE 
101-100-6 

(12, 
MOTOROLA MPS-Al2 

On the line. Economical circuit automatically activates a standard cassette recorder so that the recorder tapes all calls, as well as the num-
bers dialed. A pair of Darlington transistors is used to switch the reed relay that controls the recorder's remote power jack. The diode bridge 

allows the circuit to be hooked up to the phone line without concern for polarity. A tone beep signal can be added easily. 

State-variable filter 
uses only two op amps 
by Charles Croskey 
Pennsylvania State University, University Park, Pa. 

One of the more useful circuits for an active filter de-
sign—the state-variable active filter—can be somewhat 
expensive to build because it normally requires three 
operational amplifiers. Two of these op amps function 
as integrators, while the third is used as an inverter, 
since a difference integrator has been rather difficult to 
make with a normal op amp. 
The state-variable filter in the diagram, however, re-
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quires only two op amps. The circuit takes advantage of 
the recently introduced integrated quad amplifiers, such 
as Motorola's MC3401 and National's LM3900, which 
respond to a current difference instead of a voltage dif-
ference. Such amplifiers permit a difference integrator 
to be built simply. 
The center frequency of the filter's bandpass function 

is still determined by the usual relationship of: 

= ¡/RC 

For the circuit values shown here, the center frequency 
is approximatley 940 hertz. The filter's damping factor, 
and therefore its Q value, can be adjusted by resistors 
RD and Rp. To increase the Q value, some positive feed-
back can be added through resistor Rp; to decrease the 
Q value, resistive damping can be added by means of 
resistor RD. As can be seen from the gain curves drawn 
in the figure, the Q value rises to 260 from a nominal 
(undamped) value of 248 when a 10-megohm resistor is 
used for Rp. Or if a 1-megohm resistor is used for RD, 
the filter's Q value drops to 9.3. 

Since the circuit requires only half of a quad ampli-
fier package, the remaining two op amps can be em-
ployed as another filter or for additional gain. The filter 
also provides a low-pass output. 

Eliminating an op amp. This state-variable active filter employs only 

two op amps, instead of the three normally required. The usual inver-

ter amplifier can be eliminated because the two op amps are con-

nected as difference integrators. To adjust the filter's 0, resistor RD 

or resistor Rp can be added to the circuit. The gain curves show both 

damped and undamped responses for the filter. 

RD 
— — — — 

850 900 950 1,0 1,050 

FREQUENCY (Hz) —1> 

0.0015µF 

LOW-PASS 
OUTPUT 

0.0015pF 

1001d-2 

..._,V 1.•••••,_ -... 

Rp 

220 kl2 

+14 Vdc 

 II  

100 k≤2 

+VIN 
(7 Vdc) 

R § 100 

OP AMPS: MOTOROLA MC3401 

vo 
BAN DPASS 
OUTPUT 
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Winking LED notes null for 
IC-timer resistance bridge 
by James A. Blackburn 
Wilfrid Laurier University, Waterloo, Ont.. Canada 

A resistance bridge that makes use of the popular 555-
type lc timer operates without requiring the usual com-
bination of a meter and an amplifier. Moreover, the cir-
cuit's sensitivity does not depend on the unknown resis-
tance. And since a light-emitting diode is used for visual 
indication, there's no need to worry about shock-isola-
tion for a meter movement. Two possible applications 
for the bridge are as a thermometer (where the un-
known could be a thermistor) or as a photometer (where 
the unknown could be a photoresistor). 
The color block in the diagram shows where un-

known resistor Rx is inserted in the bridge. When the 
resistance of the dual potentiometer is increased, the 
brightness of the LED also steadily increases. Then, at a 
particular setting of the potentiometer (Rperr), the LED's 
brightness is suddenly halved. The ratio of RpoT:Rx at 
which this winking occurs is determined solely by the 
properties of the two IC timers. 
The first timer (TIMER1) operates in its astable mode 

and, therefore, is free-running. Its output (signal A) is 
low for a period of T1 = 0.693RxC seconds and high 
for a period of T2 = 0.693(Rx + RpoT)C seconds. The 
output from TIMERI is differentiated and then used to 
trigger the second timer (TIMER2), which is operating 
in its monostable mode. 
(To simplify the analysis, both timing capacitors are 

assumed to be equal, and the dual pot is assumed to 

Getting a null in a wink. Resistance bridge indicates a null when the 

LED's brightness is halved, so that the LED appears to wink. TIMERI 

operates as an astable multivibrator, while TIMER2 is a monostable. 
As the resistance of the dual pot increases, the output duty cycle of 

TIMER2 also increases, making the LED grow brighter. When 
Rpm = 3.406R, this duty cycle is halved, and the LED winks. 

track without error. In addition, the triggering spikes 
are considered to be of negligible width compared to 
period Ti.) 
As Rpm' is increased, the periods of signals A and B 

become longer, and the on-time of TIMER2 (T3 = 
1.1 RpoTC) starts to increase at a slightly faster rate. This 
means that the duty cycle of signal C is getting larger, 
and the up will appear to grow brighter. 
A closer look at the waveforms reveals that when pe-

riod T3 is just slightly less that T1 + Tz, the duty cycle of 
signal C is nearly 100%. But when T3 is slightly greater 
than T1+ Tz, the duty cycle of the signal C drops to 50% 
and, at the same time, the frequency of this signal de-
creases to half the frequency of signal A. This happens 
because TIMER2 locks out trigger pulses while its out-
put is still high and, therefore, ignores all alternate neg-
ative-going spikes. 

Further increases in Rpm, cause the duty cycle of sig-
nal C to rise again slowly from 50% to a limiting value 
of 79.4%. The abrupt transition from 100% to 50% oc-
curs when Rpm' = 3.406Rx, making the calibration of 
this resistance bridge intrinsically linear. Circuit per-
formance is limited by the desired upper and lower op-
erating frequencies and the width of the triggering 
pulses. 

For the component values shown, the circuit can op-
erate over a fairly wide range of unknown resistance 
values—from 1 kilohm to 100 kilohms. The value se-
lected for the LED's current-limiting resistor, RI, de-
pends on the supply voltage used. 

Designer's casebook is a regular feature in Electronics. We invite readers to submit original 

and unpublished circuit ideas and solutions to design problems. Explain briefly but thor-
oughly the circuit's operating principle and purpose. Well pay $50 for each tern published. 

TIMERS: SIGNET1CS NE555 OR EQUIVALENT 
Vcc 

(5 - 15 VI 

Vcc 

VA 

vB 

Ti 1.2 

7 

 § 100 kS2 

TIMER2 

0 0E8 T 
0111, F 

10 k,S2 
750 pF 

LEO 

0 01 ,11 

100 kl2 

TIMER , 

0.068 pF 

1 00 Electronics/March 21, 1974 



FET CHIPS 
For Hybrids 

from the industry leader in high-quality FET products 

When your hybrid design calls for FET chips to a JEDEC 
specification, your first choice should be Siliconix JEDEC-
equivalent dice. You can select from more than 500 different 
JEDEC-type FET chips, all manufactured with the same 
meticulous attention to product quality which has made 
Siliconix a byword in the industry. 

FET Input Op Amp 

All standard Siliconix FET chips are 
equivalent to their JEDEC or house-
numbered parents on all testable pa-
rameters. We have hundreds ofJEDEC 
and house-numbered parts in our product 
line. To specify a JEDEC-equivalent 
chip simply add the suffix "CHP," 
as in 2N4416 (JEDEC registration) 
= 2N4416CHP (chip form). When 

FET Analog Switch 

your design calls for a special device, 
remember that we've produced over 4000 
different FETs sorted to custom electrical 
specifications—We'll be happy to select to 
your individual requirements. 

For additional information on chips 
recommended for new equipment design or 
replacement service, plus a list of tested 
parameters and test conditions. 

write for data 
FET Applications Engineering (408) 246-8000, Ext. 120 

Siliconix incorporated 
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Computer analyzes rf circuits 
with generalized Smith charts 
Designers now have a powerful tool to perform the complex calculations 

needed to investigate circuit sensitivities and stability margins; 
scattering-parameter values are plotted relative to circuit impedances 

by George D. Vendelin, Will Alexander, and Daniel Mock, Fairchild Semiconductor, Transistor division, Palo Alto, Calif. 

Ill Since they were first described in January 1939 by 
Phillip H. Smith in Electronics, conventional Smith 
charts have been universally applied to analyzing the 
behavior of radio-frequency circuits. More recently, an 
extension of the Smith-chart concept, the generalized 
chart, has been developed to give the designer even 
more capability in building and analyzing rf circuits.' 

Conventional Smith charts are composed of plots on 
the impedance plane, Z, that measure the impedance in 
terms of real and imaginary components (See "Graphic 
design review," p. 104). Generalized Smith charts, how-
ever, contain plots of the Z plane on the scattering-pa-
rameter (S-parameter) plane. This conversion from one 
plane to another can be described mathematically by a 
bilinear transformation between any network S-param-
eter and a network impedance parameter. 
The generalized Smith chart is an extremely powerful 

tool for investigating circuit sensitivities and stability 
margins. But, until now, the charts have been rarely 
used because of the mathematical complexity involved 
in the conversion. However, computer-programing 
methods, coupled with plotter routines such as the one 
described here, make the generalized Smith chart read-
ily available to designers. 
The generalized Smith chart can be adapted to any 

problem that can be solved by mapping on the S-
parameter plane. What's more, the relatively low cost, 
simplicity, and versatility of this approach is a welcome 
addition to the designer's tool kit. 
Not only does this technique permit fast, easy analy-

sis of narrowband amplifiers, oscillators, and package 

e ifeNARD GAIN) 

—1 15.7 pF 

Sil 

(INPUT 
IMPEDANCE) 

$12 (REVERSE 

Ors) 

2.7 pF 

43.7 rIFI 
s22 

(OUTPUT 
ADMITTANCE) 

1. Input sensitivity. One-stage amplifier is analyzed for sensitivity to 

changes in shunt input impedance. For the analysis, variations in 

scattering parameters for the over-all circuit are computed and 

plotted on generalized Smith charts as a function of variations in 

shunt reactance at the input. 

parasitics—the examples illustrated in this article—but 
the charts can also be used to analyze noise parameters, 
broadband amplifiers, and stability factors. 
Following a basic approach similar to the one 

presented here, the designer can plot generalized Smith 
charts by modifying any computer program capable of 
analyzing rf circuits that are characterized by two-port 
scattering parameters. To illustrate the procedure and 
demonstrate its usefulness with examples, Fairchild's 
Speedy computer program,2 which can be rented on the 
General Electric Mark III Information network,3 has 
been used. 

The general approach 

Using any microwave-analysis program that handles 
S-parameters, the designer feeds necessary circuit val-
ues into the computer. Usually, each passive circuit 
component is described by its nominal specified value, 
and the transistors are described by their S-parameters. 
For a conventional circuit analysis, the computer usu-

ally calculates the over-all S-parameters as a function of 
frequency, although many other computed output op-
tions are usually available. 
However a routine can readily be added to these pro-

grams to plot any S-parameter on a 7-inch-diameter po-
lar-coordinate system. The program is now also capable 
of plotting the generalized Smith chart at a single speci-
fied operating frequency by employing a simple pro-
graming technique. 
To do this, consider that the outer rim of the Smith 

chart is a plot of all pure reactances between minus and 

AMP 12:22EDT 07/03/73 

5 SST,CC,50,2950 
10 SCE,CC 
97 PRNT,SP 
99 250,2000,250,1,4 
100 .65,-123.5,5.0,179.5,.066,-175.3,.28, -74.1 

2. Speedy Input. Input instructions are for the circuit of Fig. 1 when 

using the Speedy program. Line 10, according to the format of line 

100, inputs scattering parameters for a transistor equivalent to all 

components in Fig. 1, except the shunt input coil. The input coil is re-

placed by a short-circuited stub and entered into the computer via 

line 5 of the program 
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• • • OVER-ALL S-PARAMETERS • 

j0.42 
11 
j2.4 

—12.4 

—11 
—10.42 

(a) 0 

FRED 

(MHz) 

250.0 
500.0 
750.0 
1000.0 
1250.0 
1500.0 
1750.0 
2000.0 

S21 
(dB) 

15.41 
15.96 
14.92 
13.98 
13.00 
11.64 
8.77 

—31.94 

Sui 
MAG ANGLE 

0.44/ 104.1 
0.30/ —87.8 
0.53/-112.5 
0.65/- 123.5 
0.73/-131.7 
0.81/-140.2 
0.91/-152.6 
1.00/-179.8 

POLAR PLOT OF Sit SCALE 0. TO 1.0 

+ 1.0 

LINE OF PURE 
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ANGLE OF SI 

éVe. 

Z = 0 -+ + 
2 0.4 0.6 0.8 1.0 

MAGNITUDE OF SI 

Z = j1 

S21 
MAG ANGLE 

5.90/-114.5 
6.28/-156.7 
5.57/-172.0 
5.00/ 179.5 
4.47/ 172.7 
3.82/ 165.4 
2.74/ 154.5 
0.03/ 129.9 

Z= 

(c) 

S12 
MAG ANGLE 

0.078/-109.3 
0.083/-151.5 
0.074/-166.8 
0.066/-175.3 
0.059/ 177.9 
0.050/ 170.6 
0.036/ 159.7 
0.000/ 135.1 

POLAR PLOT OF S21 

Sn 
MAG ANGLE 

0.38/- 163.3 
0.09/-103.5 
0.20/ —72.9 
0.28/ —74.1 
0.34/ —77.4 
0.40/ —82.0 
0.47/ —90.1 
0.58/-110.4 

FACTR 

1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 

SCALE: 0. TO 6.500 

1.3 2.6 3.9 5.2 6 

MAGNITUD OF S21 
(VOLTAGETRA SFER RA 0) 

3. Generalized Smith charts. Computed S-parameters for the over-all circuit of Fig. 1 are listed as a function of changes in shunt input im 

pedance (a). Generalized Smith charts for S11 and S21 are plotted in (b) and (c), respectively. 

lb( (c) 

4. Package pare:Mos. Generalized Smith charts are used effec-

tively in studying the sensitivities to parasitics of a microwave field-ef-

fect transistor at its (a) shunt input impedance, (b) shunt output im-
pedance, (c) common-lead feedback, and (d) gate-drain feedback. 

plus infinity. Since the locus of points for impedance 
values of a lossless short-circuited transmission-line stub 
will traverse the outer rim of the Smith chart as the fre-
quency at the terminal of the stub is varied, such a 
transmission-fine element can be used to simulate any 
reactance for the circuit component of interest. S-pa-
rameters for the over-all circuit can then be computed 
for each of, say, eight impedance increments simulated 
by the short-circuit stub, and these parameters can then 
be plotted on a polar-coordinate system. 
A convenient transmission-line element is a 50-ohm 

stub that is one-quarter wavelength long at some chosen 
frequency, say, 1 gigahertz. The choice of this frequency 

10 SST, CC, 50, 2950 
20 SCE, CC 

(a) 97 PR NT, SP 
99 250, 2000, 250, 1, 4 
100 .83, —50, 1.16, 126, .025, 54, .86, —16 

lc) 

10 SCE, CC 
20 SST, CC, 50, 2950 
97 PRNT, SP 
99 250, 2000, 250, 1, 4 
100 .83, —50, 1.16, 126, .025, 54, .86, —16 

10 THRU, Si 
20 SCE, EA 
30 SST, ES, 50, 2950 
40 SSAB, Cl 
97 PR NT, SP 
99 250, 2000, 250, 1, 4 
100 .83, —50, 1.16, 126, .025, 54, .86, —16 

10 
20 
30 
40 

(d) 50 
60 
70 
80 
97 
99 
100 

THRU, S1 
SCE, EA 
THRU, S2 
SST, CC, 50, 2950 
RP, CC, —50 
BRAS, C2 
THRU, EB 
PPAB, Cl 
PRNT, SP 
250, 2000, 250, 1, 4 
.83, —50, 1.16, 126, .025, 54, .86, —16 

5. Computer talk. Data for the four circuit configurations of Fig. 4 is 

entered into the computer via the Speedy program, as shown in the 

above circuit files. Generalized Smith charts for each configuration 

are plotted in Figs. 6 through 9, respectively. 
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Graphic design review 

The skill with which an ri-circuit designer uses the gen-
eralized Smith chart depends largely on his ability to read 
and interpret data plotted on the conventional Smith 
chart, as well as his ability to interpret plots of S-parame-
ter data on a polar-coordinate system. It is therefore 
worthwhile to briefly review a few of the more important 
properties of each of these graphic-design techniques. 
The conventional Smith chart is a graphic representa-

tion of all possible impedances, both real and imaginary, 
that might be encountered at a port of an rf circuit. Gen-
erally, impedance values that are calibrated on the chart 
are normalized to the characteristic impedance of the 

Z= 

±180 

CIRCLES OF 
CONSTANT 
RESISTANCE 

Z = j0.42 

Z = Il 

Z = j2.4 

OD 

Z = -j0.42 

Z 

- -j2.4 

CIRCLES OF 
CONSTANT 
REACTANCE 

PLOTTING NORMALIZED IMPEDANCES ON A SMITH CHART 

transmission line that is being used—often 50 ohms. 
Points within the top half of the circle represent imped-

ances with an inductive, or positive, reactance compo-
nent. Similarly, points within the lower semicircle repre-
sent impedances with a capacitive, or negative, 
reactance component. Points along the outside edge of 
the circle represent pure reactances, while the horizontal 
line through the center of the chart is a locus of points of 
pure resistance. The center of the circle corresponds to a 
resistance equal to the characteristic impedance of the 
transmission lines used in the circuit. 
The right-hand extreme of the chart is the point of infi-

nite impedance, or an open circuit, while the left-hand 
extreme is the point of zero impedance, or a short circuit. 
Finally, circles about the center point are curves of con-
stant-voltage-reflection coefficient, while radial lines are 
lines of constant-reflection-coefficient angle. 
The plotting of S-parameters on polar coordinates is 

best illustrated by considering separately graphs for ter-
minal parameters Sii and S22, and for transfer paramg-
ters S21 and S12. 

Actually, points on the polar-coordinate plot of S11 and 
S22 correspond exactly to the points on a Smith-chart plot 
of the same diameter (i.e., one plot can be superimposed 
on the other). The only difference is that axes on the 
Smith chart are constructed in terms of real and imagi-
nary components of impedances, whereas on the Sii and 
S22 plots, the axes are constructed in terms of reflection-
coefficient magnitude and angle. 

Polar-coordinate plots for transfer parameters S21 and 
S12, however, are somewhat different. For the forward-
transfer parameter, S21, circles around the origin are con-
tours of constant gain. For the reverse-transfer parame-
ter, S12, circles around the origin are contours of con-
stant attenuation, since this parameter is usually less 
than unity.—Ed. 

CIRCLES OF CONSTANT 
+90 S-PARAMETER MAGNITUDE 

(REFLECTION COEFFICIENT) 

±I80 

CIRCLES OF CONSTANT S21. S12 
-90 MAGNITUDE (EQUIVALENT TO 

VOLTAGE GAIN FOR S21; 
LOSS FOR 512) 

Sn, S22 

PLOTTING S-PARAMETERS ON POLAR COORDINATES 

+90 

-90 

S21, S12 
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• • • OVER-ALL S-PARAMETERS • • • 
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1.70 
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6. Shunt Input load. A listing of over-all circuit S-parameters for the circuit of Fig. 4(a) is used, along with generalized Smith charts for S2 

(b) and S12 (C), to aid in the analysis of the circuit's sensitivity to changes in shunt input impedance. Charts for terminal parameters S11 and 

S22 are omitted, since these parameters are essentially unchanged because of low feedback (note the data in the listing). 

is completely arbitrary and should not be confused with 
the operating frequency of the circuit that is being 
analyzed. 
By stepping the frequency (for this element only) 

from 250 to 2,000 MHz in 250-MHz steps, the outer rim 
of the Smith chart will be traversed in eight equal steps. 
A generalized Smith chart can be made by listing and 
then plotting the S-parameters of the over-all circuit for 
each of the eight impedances that are simulated by the 
circuit element. 
The tabular listing is necessary to aid in identifying 

the location of the point on the S-parameter plane cor-
responding to the point where the impedance of the cir-
cuit element of interest is infinite, which is 1 GHz. Con-
sistent with the conventional Smith chart shown on 
page 104, all of the contours of constant reactance ter-
minate at this point. The center of the generalized 
Smith chart, corresponding to a normalized resistance 

of unity, must be computed by a separate computer cal-
culation with R = Zo substituted for the element of in-
terest. 

Charting a 400-MHz amplifier 

Details of the plotting technique can be clarified by 
working out specific application examples. Consider 
first the transistor amplifier in Fig. 1, which has already 
been designed and optimized for a maximum gain at an 
operating frequency of 400 MHz. 

Since, in practice, the shunt input inductance of 14.7 
nanohenries is difficult to realize precisely, it is desirable 
to determine the effect of changes in the coil's imped-
ance on the circuit's S-parameters-especially S21, which 
defines the circuit's gain, and Sil, the circuit's input im-
pedance. The generalized Smith chart shows these inter-
relationships graphically. 
To simulate the amplifier on the computer, a circuit 
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ELECTRONIC and ALLIED INDUSTRIES  (Electrical Instruments) 

HARMONIC ANALYZERS 
Gaertner Scientific Corp., 1201 Wright-

wood Ave., Chicago, Ill. 
General Radio Co., 30 State St., Cam-

bridge, Mass. 
Hewlett-Packard Co., 4S1 Page Mill Rd., 

Palo Alto, Cal. 
Mico Instrument Co., 10 Arrow St., Cam-

bridge, Mass. 
Scientific Apparatus Co., 4 Landscape 

Ave., Yonkers, N. Y. 
United Transformer Co., 150 N'arick St., 

New York, N. Y. 

NOISE ANALYZERS 

Aerovox Corp., 740 Belleville Ave., New 
Bedford, Mass. 

Brush Development Co., 3311 Perkins 
Ave., Cleveland, Ohio 

Deutschmann Corp., Tobe, Canton, Mass. 
Electrical Research Products, Inc., 195 

Broadway, New York, N. Y. 
Ferris Instrument Corp., Boonton, N. J. 
General Electric Co., Schenectady, N. Y. 
General Radio Co., 30 State St., Cam-

bridge, Mass. 
Jones-Orme Co., 1645 Hennepin Ave., St. 

Paul, Minn. 
Miller Co., J. W., 6917 S. Main St., Los 

Angeles, Cal. 
RCA Mfg. Co.. Camden, N. J. 
Sound Apparatus Co., 150 W. 46th St., 

New York, N. Y. 
Sprague Specialties Co., 189 Beaver St., 

North Adams, Mass. 
Televiso Products, Inc., 2400 Sheffield 

Ave., Chicago, 
Webber Co., Earl, 4358 W. Roosevelt Rd., 

Chicago, Ill 

TRANSMISSION ANALYZERS 

Daven Co., 158 Summit St., Newark, N. J. 

Bridges 

ELECTRICAL MEASUREMENT BRIDGES 
see also Analyzers 
also Testers 

Aerovox Corp., 740 Belleville Ave., New 
Bedford, Mass. 

Biddle Co., James G., 1213 Arch St., 
Philadelphia, l'a. 

Cambridge Instrument Co.. Grand Cen-
tral Terminal, New York. N. Y. 

Central Scientific Co., 1700 Irving l'ark 
Blvd., Chicago, Ill. 

Clough-Brengle Co., 5501 Broadway, Chi-
cago, Ill. 

Communication Measurements Labora-
tory, 136 Liberty St., New York, N. Y. 

Cornell-Dubilier Electric Corp., 1000 Ham-
ilton Blvd., South Plainfield, N. J. 

Deutschmann Corp., Tobe, Canton, Mass. 
General Electric Co., Schenectady, N. Y. 
General Radio Co., 30 State St.. Cam-

bridge, Mass. 
Hickok Electrical Instrument Co., 10514 

Dupont Ave., Cleveland, Ohio 
Industrial Instruments, Inc., 156 Culver 

Ave., Jersey City, N. J. 
Leeds & Northrup Co., 4970 Stenton 

Philadelphia, Pa. 
Muter Co., 1255 S. Michigan Ave.. Chi-

cago, Ill. 
RCA Mfg. Co., Camden. N. J. 
Roller-Smith Co., Bethlehem, Pa. 
Rubicon Co., 3751 Ridge Ave., Phila-

delphia, Pa. 
Elhalicross Mfg. Co., 10 Jackson Ave.. Col-

Ilngdale, Pa. (See Page 8.) 
Solar Mfg. Corp., Bayonne, N. J. 
Standard Apparatus Co., S. Wentworth 

Ave. & 51st St., Chicago, 
Supreme Instruments Corp., Greenwood. 

Miss. 

Tagliabue Mfg. Co., C. J., Park & Nos-
trand Aves., Brooklyn, N. Y. 

Thwing-Albert Instrument Co.. Penn St. 
& Pulaski Ave., Philadelphia, Pa. 

Triplett Electrical Instrument Co.. 286 
Harmon Rd., Bluffton, Ohio 

Triumph Mfg. Co., 4017 W. Lake St., 
Chicago, Ill. 

Welch Mfg. Co., W. M., 1516 Sedgwick 
St., Chicago, Ill. 

Forks  

ELECTRICALLY DRIVEN TUNING FORKS 

American Instrument Co., 8010 Georgia 
Ave., Silver Spring, Md. 

ELECTRONICS — June 1942 

Cambridge Instrument Co., Grand Central 
Terminal, New York, N. Y. 

Central Scientific Co., 1700 Irving Park 
Blvd., Chicago, Ill. 

Chicago Apparatus Co., 1735 N. Ashland 
Ave., Chicago, Ill. 

Electric Tachometer Corp., 1354 Spring 
Garden St., Philadelphia, Pa. 

Engineering Laboratories, Inc., 624 E. 
Fourth St., Tulsa. Okla. 

Gaertner Scientific Corp., 1201 Wright-
wood Ave., Chicago, Ill. 

General Radio Co., 30 State St., Cam-
bridge, Mass. 

Welch Mfg. Co., W. M.. 1515 Sedgwick 
St., Chicago, Ill. 

Galvanometers  
see Meters 

Generators  

SIGNAL GENERATORS 

Andrew, Victor J., 6429 S. Lavergne Ave., 
Chicago, Ill. 

Bendix Marine Products Div., Bendix 
Aviation Corp., 754 Lexington Ave., 
Brooklyn. N. Y. 

Boonton Radio Corp., Boonton, N. J. 
(See page 126.) 

Carron Mfg. Co., 415 S. Aberdeen St., 
Chicago, Ill. 

Clough-Brengle Co., 5501 Broadway, Chi-
cago, Ill. 

Ferris Instrument Corp., Boonton, N. J. 
(See Page 174.) 

General Radio Co., 30 State St., Cam-
bridge, Mass. 

Hewlett-Packard Co., 481 Page Mill Rd., 
Palo Alto, Cal. 

Measurements Corp., Boonton, N. J. (See 
page 159.) 

Million Radio & Television, 1617 N. Damen 
Ave., Chicago, Ill. 

Monarch Mfg. Co., 2014 N. Major Ave., 
Chicago, Ill. 

Philco Radio & Television Corp., Tloga & 
C Sts., Philadelphia, Pa. 

Precision Apparatus Co., 647 Kent Ave., 
Brooklyn, N. Y. 

Railex Corp., 1328 Elston Ave., Chicago, 

Radio City Products Co., 127 W. 26th St., 
New York, N. Y. 

RCA Mfg. Co., Camden. N. J. 
Simpson Electric Co., 5218 W. Kinzie St., 

Chicago, Ill. 
Superior Instruments Co., 227 Fulton St., 

New York. N. Y. 
Televiso Products, Inc., 2400 N. Sheffield 

Ave., Chicago, Ill. 
Triplett Electrical Instru. Co., 286 Har-

mon Rd., Bluffton, Ohio 
Triumph Mfg. Co., 4017 W. Lake St., 

Chicago, Ill. 
Vi'elffier Co., Earl, 4358 W. Roosevelt 

Rd., Chicago, 

SQUARE WAVE GENERATORS 

General Electric Co., Schenectady, N. Y. 
General Radio Co., 30 State St., Cam-

bridge, Mass. 
Hewlett-Packard Co., 481 Page Mill Rd.. 

Palo Alto, Cal. 
Measurements Corp., Boonton, N. J. 

Indicators  

CAPACITOR LEAKAGE INDICATORS 

Clough-Brengle Co., 5501 Broadway, Chi-
cago, Ill. 

Cornell-Dubilier Electric Corp., 1000 
Hamilton Blvd., South Plainfield, 
N. J. 

Deutschmann Corp., Tobe, Canton, Mass. 
Hickok Electrical Instrument Co., 10514 

Dupont Ave., Cleveland, Ohio 
Industrial Instruments, Inc., 156 Culver 

Ave., Jersey City, N. J. 
Leeds & Northup Co., 4970 Stanton Ave., 

Philadelphia, Pa. 
Potter Co., 1950 Sheridan Rd., North 

Chicago, Ill. 
Rawson Electrical Instrument Co., 102 

Potter St., Cambridge, Mass. 
Triumph Mfg. Co., 4017 W. Lake St., 

Chicago, Ill. 
Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave., Newark, N. J. 

NEON INDICATORS 
Fleron & Son, Inc., M. M., 113 N. Broad 

St., Trenton, N. J. 
Littelfuse, Inc., 4755 Ravenswood Ave., 

Chicago, Ill. 
RCA Mfg. Co., Camden, N. J. 

POWER LEVEL INDICATORS 

see Meters 

Clough-Brengle Co., 501 Broadway, Chi-
cago. Ill. 

Daven Co., 158 Summit St., Newark, N. J. 
General Electric Co., Schenectady, N. Y. 
General Radio Co., 30 State St., Cam-

bridge, Mass. 
Hickok Electrical Instrument Co., 10514 

Dupont Ave., Cleveland, Ohio 
Monarch Mfg. Co., 2014 N. Major ave., 

Chicago, Ill. 
RCA Mfg. Co., Camden, N. J. 
Shallcross Mfg. Co., 10 Jackson Ave., 

Collingdale, Pa. 
Sound Apparatus Co., 150 W. 46th St, 

New York, N. Y. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 
Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave., Newark, N. J. 

‘o1.1 NIE INDICATORS—see Meters 

Meters  
AMMETERS 

Bristol Co., Waterbury, Conn. 
Burton-Rogers Co., 857 Boylston St., Bos-

ton, Mass. (Sole Distributors for 
Hoyt Electrical Instrument Works 
Boston, Mass.) 

Cambridge Instrument Co., Grand Central 
Terminal, New York, N. Y. 

Clough-Brengle Co., 5501 Broadway, Chi-
cago, Ill. 

Columbia Electric Mfg. Co., 4519 Hamil-
ton Ave., Cleveland, Ohio 

De Jur-Annsco Corp., 6 Bridge St., Shel-
ton, Conn. 

Engelhard, Inc., Charles, 90 Chestnut St., 
Newark, N. J. 

h'sterline-Angus Co., (Speedway City), 
Indianapolis, Ind. 

Ferranti Electric, Inc. 30 Rockefeller 
Plaza, New York, N. Y. 

General Electric Co., Schenectady, 
G-M Laboratories, Inc., 4313 N. 

Ave., Chicago, Ill. 
Hickok Electrical Instrument Co., 10514 

Dupont Ave., Cleveland, Ohio 
Hoyt Electrical Instrument Works—see 

Burton-Rogers Co. 
J B L Instrument Co. Darby, Pa. 
King-Seeley Corp., Az;r1 Arbor, Mich. 
Leeds & Northup Co., 4970 Stenton Ave., 

Philadelphia, Pa. 
Norton Electrical Instrument Corp., 79 

Hilliard St., Manchester, Conn. 
Precision Apparatus Co., 647 Kent Ave., 

Brooklyn, N. Y. 
Rawson Electrical Instrument Co., 102 

Potter St., Cambridge, Mass. 
RCA Mfg. Co., Camden, N. J. 
Readrite Meter Works, College Ave., 

Bluffton, Ohio 
Reliance Instrument Co., 1135 W. Van 

Buren St., Chicago, Ill. 
Roller-Smith Co., Bethlehem, Pa. 
Sensitive Research Instrument Corp., 4545 

Bronx Blvd., New York, N. Y. 
Simpson Electric Co., 5218 W. Kinzie St., 

Chicago, Ill. (See page 44.) 
Superior, Instruments Co., 227 Fulton St., 

New York, N. Y. 
Supreme Instruments Corp., Greenwood. 

Miss. 
Tagliabue Mfg. CO., C. J., Park & Nostrand 

Ayes., Brooklyn, N. Y. 
Triplett Electrical Instrument Co., 286 

Harmon Rd., Bluffton, Ohio 
Triumph Mfg. Co., 4017 W. Lake St., 

Chicago, 
Welch Mfg. Co., W. M., 1515 Sedgwick 

St., Chicago, Ill. 
Westinghouse Electric & Mfg. Co.. East 

Pittsburgh, Pa. (See page 4.) 
Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave., Newark, N. J. 
(See page 125.) 

Wheelco Instruments Co., Harrison á 
Peoria Sts.' Chicago, Ill. 

Winslow Co., 9 Liberty St., Newark, N. J. 

N. Y. 
Knox 

FREQUENCY METERS 

Bendix Radio, Div. of Bendix Aviation 
Corp., Baltimore, Md. 
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• • • OVER-ALL S-PARAMETERS • • 

j0.42 

j1 

j2.4 

FRED 

(MHz) 

250.0 

500.0 

750.0 

1000.0 

1250.0 

1500.0 

1750.0 

2000.0 

POLAR PLOT OF S21 

CAPACITIVE 
LOADING 

LOADING 
INDUCTIVE 

j2.4 

b) 

S21 
(dB) 

-6.02 

-0.79 

1.09 

1.29 

0.35 

-1.89 

-6.81 

-51.43 

Sil 

MAG ANGLE 

0.84/-49.5 

0.84/-49.9 

0.84/-50.1 

0.83/-50.0 

0.83/-49.7 

0.83/-49.3 

0.83/-49.1 

0.84/-49.1 

SCALE: 0. TO 1.200 

S21 
MAG ANGLE 

0.50/-161.9 

0.91/ 172.1 

1.13/ 147.7 

1.16/ 126.1 

1.04/ 106.2 

0.80/ 86.8 

0.46/ 66.4 

0.00/ 43.5 

LIMIT FOR 10% TOLERANCE IN S21 
DUE TO CAPACITIVE LOADING 
IN OUTPUT CI RCUIT OF FIG. 4b. 

-j0.42 

0.24 0.48 0.72 0.96 1.20 

S12 
MAG ANGLE 

0.011/126.1 

0.020/100.1 

0.024/ 75.7 

0.025/ 54.1 

0.022/ 34.2 

0.017/ 14.8 
0.010/ -5.6 

0.000/-28.5 

POLAR PLOT OF S12 

j0.42 

S22 
MAG ANGLE 

0.98/ 132.6 

0.92/ 81.7 

0.87/ 31.0 

0.86/ -15.9 

0.89/ -58.1 

0.94/ -97.5 

0.98/-137.1 

1.00/-179.8 

FACT R 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.80 

SCALE: 0. TO 0.030 

j2.4 

-j2.4 

-ji 

0.006 0.012 0.018 0.024 0.03 

7. Shunt output load. Generalized Smith charts for shunt loading at the transistor output show that output loading has virtually the same ef-
fect on S21 and S12 as shunt loading at the input, as indicated in Fig. 6(b). Notice, however, that gain (S21) cannot be increased by inductive 

loading at the output as it is by inductive loading at the input (the gain approximates its maximum value at Z - 00). 

file is constructed by replacing the input coil by a short-
circuit stub. The S-parameters of an equivalent circuit, 
excluding the input coil, must be computed at the 400-
MHz operating frequency and the results entered into 
the circuit file. 

Input instructions for such a circuit when using the 
Speedy program are shown in Fig. 2. Instruction line 5 
is entered to substitute the value of the 50-ohm short-
circuited stub for the 14.7 nH of the shunt coil (2,950 
mils is one-quarter wavelength for the stub at 1 GHz). 
Line 10 gives the value for the dummy transistor, which 
defines the remainder of the circuit, and S-parameters 
are stored in line 100. Line 97 is the print and plot com-
mand. Line 99, in the Speedy format, gives the start fre-
quency, stop frequency, step frequency, number of tran-
sistors, and data option 4, which keeps the transistor S-
parameter data fixed for all frequencies that will be 
used in the analysis. 

The computed S-parameters for the over-all circuit 
are listed in Fig. 3(a). The frequencies correspond to re-
actance values from minus infinity to plus infinity for 
the input-shunt element. All four S-parameters may be 
plotted as generalized Smith charts. For this example, 
however, Su and S21, which are of primary interest, are 
plotted in the generalized Smith charts of Fig. 3. 
The generalized Smith chart is always a Smith-chart 

circle plotted on the complex S-parameter plane. As in 
the conventional Smith chart, lines of constant reac-
tance meet at the point of infinite impedance, which oc-
curs at a frequency of 1 GHz. For the original coil design 
of 14.7 nH, Z/Z0 = jcoL/50 = j0.74. 

Notice that the geometry of the generalized Smith 
chart is a distortion of the conventional chart. To be 
sure, the boundary points of pure reactance form a per-
fect circle for the circumference of both charts. But, al-
though the contours of constant reactance are sym-
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• • • OVER-ALL S-PARAMETERS • • • 

Z FREG S21 S11 S21 S12 S22 k 
(MHz) (c18) MAG ANGLE MAG ANGLE MAG ANGLE MAG ANGLE FACTR 

j0.42 250.0 0.99 0.66/-45.8 1.12/113.2 0.031/144.3 0.85/-12.2 1.89 
j1 500.0 -0.13 0.56/-28.9 0.99/ 98.7 0.078/148.1 0.87/ -8.0 1.00 

j2.4 750.0 -3.40 0.70/ -7.4 0.68/ 81.9 0.132/131.6 0.95/ -5.8 0.77 

.0 1000.0 -15.28 1.05/ -9.0 0.17/103.8 0.171/104.3 1.06/ -9.0 1.00 
-j2.4 1250.0 -4.60 1.25/-25.4 0.59/173.2 0.160/ 74.4 1.06/-15.8 -0.02 
-j1 1500.0 -0.33 1.18/-39.4 0.96/155.2 0.114/ 52.4 0.98/-19.2 0.05 

-j0.42 1750.0 0.98 1.01/-47.4 1.12/139.4 0.066/ 40.8 0.90/-18.7 0.38 

0 2000.0 1.29 0.83/-50.0 1.16/126.1 0.025/ 53.7 0.86/-16.0 1.69 

POLAR PLOT OF S11 SCALE: 0. TO 1.300 

ISii=1 ---A9 

POLAR PLOT OF S22 SCALE: 0. TO 1.300 

INDUCTIVE 

NI  LOADING I S22I = 1 .,4. 

0 0.26 0.52 0.78 \ 1.3 0 0.26 0.52 0.78 1.04 1.3 

0 It. 

4-4- + + + -+ +-- + + + + + + + + + + + + 

;. 

-*  *_j2.4 
j0.42 CAPACITIVE -j1 

LOADING  

POLAR PLOT OF S21 

INDUCTIVE 
LOADING 

CAPACITIVE \ 
LOADING/ j0.42 

-j0.42 

-j2.4 

SCALE: 0. TO 1.200 

j2:4 

POLAR PLOT OF S12 

-1- + + - +.-.+ + + - 

0 0.24 0.48 0.72 0.96 1.2 

j2.4 

SCALE: 0. TO 0.200 

-j2.4 

-j1 

-j0.42 

O 
+ + + + + 

0 0.04 0.08 0.12 0.16 0.2 

APACITIVE 
LOADING 

INDUCTIVE 
LOADING 

8. Common-lead feedback. Charts for the common-lead-feedback circuit of Fig. 4(c) show that parasitic inductive loading in the common 

lead circuit can seriously degrade maximum stable voltage gain, S21/12. For example, by replacing a short circuit (Z = 0) in Fig. 4(c) with an 

inductance of only 0.8 nH (Z = j0.42), the maximum stable gain is reduced from 46.5 to 36.2 or from 16.7 dB to 15.6 dB. 
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• • • OVER-ALL S-PARAMETERS • 

FRED S21 Sli S21 S12 S22 
(MHz) (dB) MAO ANGLE MAG ANGLE MAO ANGLE MAO ANGLE FACTR 

j0.42 250.0 -3.34 0.27/ 151.7 0.68/ -33.7 0.738/-15.6 0.37/ 153.3 0.95 

j1 500.0 -2.57 0.34/ 90.9 0.74/ -76.8 0.753/-31.9 0.53/ 111.7 0.73 

j2.4 750.0 0.23 0.67/ 22.6 1.03/-147.5 0.591/-65.9 0.86/ 56.2 0.21 

co 1000.0 1.29 0.83/ -49.8 1.16/ 126.2 0.023/ 53.7 0.86/ -15.8 1.79 

-j2.4 1250.0 -0.40 0.64/ -93.9 0.95/ 72.7 0.411/ 29.0 0.57/ -65.1 0.76 

-ji 1500.0 -1.72 0.49/-120.1 0.82/ 41.7 0.563/ 13.9 0.41/ -99.8 0.90 

-j0.42 1750.0 -2.57 0.39/-142.3 0.74/ 18.0 0.643/ 3.8 0.33/- 132.6 0.97 

j0 2000.0 -3.13 0.31/-168.2 0.70/ -5.1 0.697/ -5.1 0.31/-168.2 1.00 

4,. 

POLAR PLOT OF SuI 

POLAR PLOT OF S21 SCALE: 0. TO 1.200 

DECREASING 
CAPACITANCE 

INCREASING 
INDUCTANCE 

- i5 
-10 PH 

j2.4 

SCALE: 0. TO 1.000 

0.08 pF 
-j10 

-j2.4 

-ji 

-j0.42 

72 

0.96 1.2 

j0.42 

1.0 

POLAR PLOT OF S22 

c 

SCALE: 0. TO 0.800 POLAR PLOT OF S12 

CAPACITIVE 
LOADING 

SCALE: 0. TO 1.000 

-j2.4 

-j0.42 

0.80 

INDUCTIVE I 10.42 
LOADING 

REGION THAT 
PRODUCES 
OSCILLATIONS 12.4 

9. Gate-draln feedback. By computing and listing stability factor k, generalized Smith charts can be used to aid in designing oscillators. 

From the listing (a), it appears that oscillatory conditions could be produced for a feedback inductance of about 5 mH (j2.4), where the stabil-

ity factor has been reduced to its lowest value of 0.21. The designer could then perform finer calculations for the exact oscillatory conditions. 
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metrical in the conventional chart, they are usually not 
in the generalized Smith-chart plot. Consequently, the 
straight line of pure resistance that bisects the outer 
circle of the conventional Smith chart usually comes out 
as a curved line when plotted on the generalized chart 
(as in Fig. 3b). 
Two key characteristics of the Smith chart, however, 

are presented in the generalized plots. First, all circles of 
constant resistance are maintained as circles. Also, all 
intersecting lines on both charts intersect at right angles. 

Several interesting conclusions follow from the gener-
alized Smith charts of Fig. 3. As seen in Fig. 3(a), the 
magnitude of Sn, which is the same thing as the input-
reflection coefficient at the input of the over-all circuit, 
is below 0.2 for a normalized inductance between j0.5 
and j0.85. 

Operating in a circuit with a characteristic impedance 
of 50 ohms, this corresponds to an impedance between 
j25 and j42.5 ohms. At the 400-MHz operating fre-
quency, this further translates to an inductance of 10 to 
17 nH. Since a reflection coefficient of 0.2 represents an 
amplifier with a good impedance match, the amplifier 
would be relatively insensitive to a change of 10 to 17 
nH in the inductance of the input shunt coil. 

Also, from Fig. 3(c), the circuit's voltage gain, or S21, 
is greater than 4.47 (13 dB) for any inductance greater 
than 6 nH (j0.3). If the inductor is omitted-that is, im-
pedance is infinite-a gain of 14 dB can be achieved, but 
as shown in Fig. 3(b), the input match is poor. Other 
network sensitivities can be found by printing plots for 
S12 or S22, and the effects of changes in other circuit ele-
ments can be similarly analyzed. 

FET-chip parasitics 

A second application example demonstrates the ca-
pability of the generalized Smith chart to describe the 
influence of package parasitics on the performance of a 
4-GHz field-effect-transistor chip. From this analysis, 
methods for optimizing gain, unilateralizing the device, 
optimizing stability, and designing oscillators can be 
visualized. The four circuit configurations in this ex-
ample (Fig. 4) can be entered into the computer via the 
Speedy program as shown in Fig. 5. 
The influences on the over-all circuit's S-parameters 

by changes in the transistor's input impedance (see Fig. 
4a) and output impedance (see Fig. 4b) are shown in 
Figs. 6 and 7, respectively. Only charts for the transfer 
parameters (S21 and S12) are shown, since the terminal 
parameters (Sul and Sn) are essentially unchanged be-
cause of the low feedback. Much information can be 
obtained from these charts. Although the maximum 
stable gain, defined as IS2i/S121, cannot be improved, 
both S21 and S12 can be adjusted by using either input 
or output shunt loading. 
From Fig. 6(b) and the listing of Fig. 6(a), for ex-

ample, it is seen that 1S211 for the circuit in Fig. 4(a) can 
be increased by replacing the open circuit at the input 
(j 00) by a shunt inductance of about 5 nH (j2.4). And 
Fig. 7(b) illustrates that a corresponding increase in 
gain (S21) cannot be achieved by shunt inductive load-
ing at the output. 

Similarly, the influence of input and output parasitic 
shunt capacitances can be estimated from these charts 

and the S-parameter listings. Notice from Fig. 6(b) that, 
to maintain a change of less than 10% in transfer pa-
rameter S21 (i.e., 1S211 = 1.16 ±0.12), the stray input ca-
pacitance must be limited to less than about 0.25 pico-
farads (-j3). Likewise, Fig. 7(b) indicates that the stray 
output capacitance must be kept below 0.33 pF (-j2.4) 
for a tolerance of less than 10% in the S21 parameter. 
The charts for the common-lead feedback case (de-

fined in Fig. 4c) are plotted in Fig. 8. Notice that both 
Sii and S22 can be made greater than unity by capaci-
tive loading in the common lead of about 0.33 pF 
(-j2.4). When the Su or S22 reflection coefficient has a 
value greater than unity, the transistor is oscillating and 
presents a negative resistance at that circuit port.4 

Usually, inductive loading seriously degrades S21 and 
S12, and it also degrades gain (Fig. 8d and 8e). For ex-
ample, by replacing a short circuit (Z = 0) in Fig. 4(c) 
with an inductance of 0.8 nH (j0.42), the maximum 
stable gain, S21 /Si2, is degraded from 46.5 to 36.2, or 
from 16.7 da to 15.6 dB. A more detailed study of these 
charts will show design conditions for such objectives as 
unilateralizing the device (minimizing Si2) or max-
imizing the gain (S21). 

Charts for the gate-drain feedback case (defined in 
Fig. 4d) are presented in Fig. 9. Notice from Fig. 9(d) 
that, for a minimal effect on gain S21, the feedback ca-
pacitance must be maintained below 0.08 pF (-j10), or 
the inductance must be kept greater than 10 nH (j5). 
Such a circuit is often analyzed in oscillator designs. 

The stability factor, k, in Fig. 9(a) is computed for all 
eight feedback-impedance conditions. Generally, the 
lower the value for k, the greater the chance for circuit 
oscillation, and any configuration that produces a value 
for k of that is equal to unity or greater will not produce 
oscillations. 
From Fig. 9(e) and the listing of Fig. 9(a), it appears 

that oscillatory conditions could be produced for a feed-
back inductance of about 5 nH (j2.4), where the stability 
factor k has been reduced to its lowest value of 0.21. 
This relatively crude guide is only a first step in oscilla-
tor design. More refined data could be gained by com-
puting more derailed S-parameter points in the region 
around Z = j2.4 and by applying other tests for opti-
mum oscillating conditions. With the aid of the general-
ized Smith chart, however, the designer would not have 
accomplished even this first step in a reasoned approach 
to oscillator design. 
The few applications for generalized Smith charts 

presented here only begin to illustrate the extent that 
this new design tool may be applied. With the increased 
use of scattering-parameters to specify circuit compo-
nents and the availability of instruments to measure 
such quantities, the rf engineer is sure to enlist the aid 
of the computer more and more to plot generalized 
Smith charts in his circuit designs. 

REFERENCES 
1 . George E. Bodway, "Circuit Design and Characterization of Transistors by Means of 
Three Port Scattering Parameters." Microwave Journal, May 1968 
2. A 26-page booklet that describes the use of the Speedy program is available, free of 
charge, from Fairchild Semiconductor. Transistor division, 464 Ellis St., Mountain View, 
Calif . 94040. 
3. Information on obtaining access to the G. E. Mark Ill Information Network is available 
from General Electric Co., Information Services Dept., 1120 San Antonio Rd., Palo Alto, 
Calif. 94304. 
4. Phillip H. Smith, Electronic Applications or the Smith Chart, Chapter 12, McGraw-Hill 

Book Co., New York, N.Y. 
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That's a four-inch-square chrome photo-
mask of the highest quality you can 
huy. And you can buy it from any of 
several photomask manufacturers, all of 
whom are price-competitive. Therefore, 
you may rightfully ask: "If that's true 
then why is MICRO MASK smiling?" 

Actually, your own comments, more 
than anything, have led us to consider 
ourselves your best bet in chrome photo-
masks. From input we've received, ap-
parently we have proven ourselves over 
the years as a strong, service-oriented 
company —a company you've long 
looked to for emulsion; and now for 
chrome. We're pleased you think of us 
that way. 

Th 
MICRO MASK, INCORPORATED 

716 North Pastoria Avenue 
Sunnyvale. CA 94086 

408/245-7342 
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Twelve-bit microprocessor nears 
minicomputer's performance level 
Microprogramed central processing unit on a single chip can handle 
12 bits in parallel, respond to eight levels of interrupt, and use 
an asynchronous bus for both internal and external communications 

by Tadaaki Tarui, Keiji Namimoto, and Yukiharu Takahashi, Tokyo Shibaura Electric Co., Tokyo, Japan 

111 A recently developed microprocessor offers a level of 
performance generally considered beyond the capabili-
ties of even these versatile devices. Among its many 
powerful functions are a maskable eight-level interrupt 
and direct memory-access capability. 

Like other microprocessors introduced during the 
past two years, the Toshiba TLCS-12 is fabricated in the 
form of an mos large-scale integrated circuit. One of its 
unusual features is its 12-bit word length, whereas 
words in other common microprocessors are limited to 4 
or 8 bits. I arthermore, the TLCS-12 is organized 
around a common asynchronous bus, through which the 
functional units on the chip communicate with each 
other and also with external memory, input/output reg-
isters, and other system elements. 
Other significant features include a microprogram in 

a read-only memory within the microprocessor chip it-
self, an internal clock generator, and bit-handling in-
structions capable of modification for indexing and in-
direct addressing, an automatic start capability, and 
eight general registers. 
The TLCS-12 can not only handle interrupts, but af-

ter an interrupt has been processed, the microprocessor 
can restore to a general register the previous program-
status word from temporary storage in the main 
memory to resume the interrupted program. Although 
this concept was first used in large computers about 10 
years ago, this is the first time it has been used in a mi-
croprocessor. 
The 12-bit bidirectional bus contained in the micro-

processor itself is also the backbone of the system built 
around the microprocessor. Data and addresses are 
both transferred along this bus, but not at the same 
time. The microprocessor, all memory chips, and in-
put/output registers are connected to the common bus 
and communicate with one another along it asynchro-
nously, so that devices of any speed can be used. 
As shown in Fig. 1, a useful microcomputer system 

requires several ics in addition to the TLCS-12 micro-
processor. A minimum system configuration consists of 
one microprocessor, three memories, and one memory 
control unit. The memories may be either read-write, 
read-only, or a combination. For efficiency and conve-
nience, input/output controllers, an interrupt register, 
and a control console can be added. The system oper-
ates through a range of -40°C to + 125°C. 

All these devices are mounted in dual in-line pack-

ages, and all except the interrupt latches are made with 
p-channel silicon-gate enhancement/depletion tech-
nology. On each chip, those circuits that drive the bus 
have three-level outputs so that they can be discon-
nected when not in use. 

Central processor has ROM control 

The microprocessor itself is a fully parallel I 2-bit pro-
cessor on a chip. It contains a 12-bit parallel arithmetic 
and logic unit with fast-carry logic and five working reg-
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1. Spine. The 12-bit bidirectional bus (color) communicates with 

external devices and also interconnects functional units within the 

microprocessor itself, transferring both data and addresses. 
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2. Microprocessor details. This block diagram is also a key to the photo (Fig. 3). Arithmetic and logic unit (bottom center) performs most 

major functions of device, under control of microprogram in read-only memory (top left). 

isters, a 4,000-bit microprogram in a read-only memory, 
eight 12-bit general-purpose registers, a timing gener-
ator, and an external bus controller. The functional 
blocks shown in the block diagram (Fig. 2) and also vis-
ible in the photograph (Fig. 3) are interconnected via 
the 12-bit bus, which zigzags up and down slightly to 
the right of the center of the photograph. 

Fast-carry logic divides the bits of a computer word 
into groups and generates the carry from group to 
group. In the TLCS-12, the groups contain 1 bit, 3 bits, 
4 bits, 3 bits, and 1 bit, respectively (Fig. 4), generating 
a carry substantially more quickly than would a simple 
bit-to-bit carry, which, however, is used within the 
groups. The bit-to-bit carry out of any bit position de-
pends, in part, on the carry into that position; thus, un-
der certain circumstances, a single carry can ripple from 
the least-significant-bit position along the full length of 
the word. Enough time must be allowed for an add op-
eration to permit this ripple carry. But with carry look-
ahead, the ripple occurs in parallel in separate groups, 
which speeds up the add operation accordingly. 
Had the groups all been the same length in the 

TLCS-12, as they have been in many other processors 
over the past 15 years or so, circuit fan-in and fan-out 
would have been so large that circuit propagation de-

3. Microprocessor chip. The 12-bit bus, which interconnects the lays, which depend on fan-in and fan-out, would have 
section of the chip and external devices as well, is visible as a set of canceled the reduction in carry-propagation time. 
more or less vertical zigzag lines, just right of center. The five working registers are designated A,T,B,M, 
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and F. The F register usually contains the instruction to 
be executed; the A and T registers drive one input of 
the arithmetic unit, and the,B and M registers drive the 
other input. All five of these registers are loaded from 
the internal bus, and the arithmetic unit's output is re-
turned to the bus. 
Of the eight general-purpose registers, seven are 

available to the user, and the eighth is reserved for the 
program-status word, which stores information about 
the current state of the microprocessor and the program 
being executed—for example, the address of the next in-
struction, the status of various indicators in the micro-
processor, and so on. 
As a rule, whenever an interrupt occurs, the program-

status word is replaced by another word that defines the 
state of the microprocessor for the servicing of that in-
terrupt. When the interrupt is out of the way and the 
microprocessor can return to its main program, the orig-
inal status word is brought back from the main 
memory, where it had been temporarily stored, and re-
placed in the register. 
A special-function unit generates address compo-

nents, shifts data to the left or right, or identifies bit po-
sitions to be processed by subsequent microinstructions. 
An external bus-control unit links the microprocessor to 
other tcs in the system by transmitting and receiving 
timing signals that coordinate unrelated clock fre-
quencies and phases in separate chips. 
The microprogram, which defines the micro-

processor's basic characteristics, is stored in a read-only 

CONVENTIONAL CARRY 

YI2 X12 

OVER. 
FLOW 

SI2 

FAST CARRY 

OVER-
FLOW 

Si2 s9 H 
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memory from which it controls the data paths every-
where in the microprocessor during every machine 
cycle—as in most microprogram-controlled computers. 
Each microinstruction is 29 bits wide and is divided into 
several fields or micro-orders. Up to 128 micro-
instructions can be installed. 
The entire microprocessor contains approximately 

11,000 p-channel mos transistors on a chip measuring 
5.5 by 5.9 millimeters, in a 42-pin DIP. Logic transistors 
operate in enhancement mode, and load transistors in 
depletion mode; a single 5-volt power supply drives 
both. For the output-driver circuits, which have three-
state outputs for connection to the bus, both +5 and 
-5 y are necessary. All circuits are made with silicon-
gate transistors with a channel length of 6 microme-
ters— compared to 8 or 10 Am in most p-mos transistors. 

This small size is made possible, in part, by the use of 
silicon instead of metal for the gate and in part by the 
use of a new process for growing the doped polysilicon 
layer. In fabrication, boron-doped polysilicon is used 
for low sheet resistance and high growth rate. The nec-
essary impurities are added to both the enhancement-
mode and depletion-mode transistors by an ion-implan-
tation process. 

External circuits are conventional 

None of the other circuits that go with the TLCS-12 
microprocessor are particularly unusual. The read-write 
memory, for example, is a static 512-bit device, orga-
nized as 128 words of 4 bits each; its access time is 300 

IADDEND X 

12 1 1 1 1 1 1 1 1 1 1 1 1 

IADDEND Y 

121 1 1 1 1 1 1 1 1 1 1 1 

Y3 X3 Y2 X7 

4 

Y, X, 

4. Fast-carry logic. By generating a carry signal from groups of bit positions instead of singly, the carry can be propagated along the full 

word length more quickly, sharply decreasing the time required for arithmetic operations. 
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nanoseconds, and it dissipates 400 milliwatts. 
The external read-only memory, while unusual, is not 

original with this system. It is a reprogramable stacked-
gate mos device, based on the floating-gate avalanche-
injection principle, but provided with an overlying con-
trol gate. In this technology, the gates of the mos tran-
sistors are buried in a layer of oxide and remain uncon-
nected to any external signal, but a control gate is 
further provided on the top. When a large negative sig-
nal is applied to the source and drain of the transistor, 
and a large positive signal is applied to the control gate, 
negative carriers are injected into the buried gate by an 
avalanche effect. 
When the signal is removed, an excess of negative 

carriers remains in the gate, opening a conducting chan-
nel in the n-type substrate. The excess remains until the 
gate is irradiated with ultraviolet light, which discharges 
the gate and permits the memory to be re-
programed. The chip used in the Toshiba system can be 
programed in 5 seconds; after programing, its access 
time is 600 ns and its dissipation 400 mw. 
Data is transferred between the microprocessor and 

either a read-write or a read-only external memory by 
the memory-control unit, which responds to the control 
signals on the bus that originate in the microprocessor's 
bus-control unit. The memory-control unit generates 
address, read/write, and chip-select signals for the 
memories themselves. A similar unit performs similar 
functions with respect to input/output units. The two 
controls differ primarily in their address range and the 
timing, since many units— particularly those used with 
microprocessors—transmit data quite slowly. 

Because the processor, in general, can't respond in-
stantly to an interrupt, and since interrupts are usually 
transient signals from input/output units, some means 

is required to catch and hold interrupts until the micro-
processor can respond to them. This function is per-
formed by the interrupt-latch unit, which is simply an 
array of eight latches that can be set by the external in-
terrupt and reset by the microprocessor. Masking, if and 
when appropriate, is performed inside the micro-
processor, and is therefore not part of the latch unit's 
function. 

Input and output buffering is handled in the in-
put/output register, which is actually a pair of regis-
ters—one for 4 bits and one for 8 bits. These have inde-
pendent control signals and can therefore be used 
separately for different devices, or they can be con-
nected to parallel for use with a single unit that trans-
mits 12-bit words. 

Instruction set is microprogramed 

As in all microprogramed computers, the instruction 
set can be changed by altering the microprogram. How-
ever, as with all microprograms stored in ROMS, such al-
terations are uneconomical because of the cost of 
changing masks, except when large quantities of micro-
processors are built with the new instruction set. (The 
ROM in the microprocessor is not to be confused with 
the PROM in a separate IC.) 
The standard instructions used in the TLCS-12 are of 

four types: two-operand instructions, one-operand in-
structions, branch instructions, and complex types. 
Two-operand instructions include address modification 
through either indirect addressing or indexing. Address 
modification applies only to the second operand; both 
operands refer to general registers, which are assumed 
to haye been previously loaded. 
Examples of two-operand instructions are LOAD, ADD, 

SUBTRACT, and SWAP. Single-operand instructions work 

BUS 
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WRITE OPERATION 

UMW- MD( DATA 
ADDRESS 

ADDRESS ADDRESS DATA JATA 
PLACED RECEIVED RUMS-. PLACED 
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5. HandshakIng. Every event involving the bus must await an overt response from a device connected to the bus, in a sequence sometimes 

called "handshaking" Thus, its operation is kept independent of all internal device timings. 
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6. Internal timing. Microprocessor generates its own clock signals, 
skewed into four phases. During T1, the results of the preceding 
cycle are placed into internal registers. Microprogram branch con-

trol is set up during Tz, and following that, the proper micro-

instruction is placed in the ROM output register during T3. The micro-
instruction is executed during T4; if the instruction calls for the use 

of the external bus, the clock is stopped in this phase. 

with either the contents of a general register or a single 
bit in that register. They include such operations as 
SHIFT, INCREMENT or DECREMENT, and, among bit-
oriented instructions, SET, CLEAR, INVERT, and TEST. 

Branch instructions include, of course, the uncon-
ditional branch and conditional branches that rely on 
the results of prior instructions, such as BRANCH ON 
PLUS, BRANCH ON ZERO, and so on. Finally, most of the 
complex instructions include two or more simple steps 
in one instruction. Examples are CLEAR AND INCRE-
MENT, CLEAR AND COMPLEMENT, and COMPLEMENT 
AND INCREMENT. 

The total instruction set of the TLCS-12 contains 
about 108 instructions, some of which are very pow-
erful. As in many other processors, the exact number of 
instructions depends on whether certain variations are 
counted separately. Thus the performance of the micro-
processor approaches that of standard minicomputers, 
and the unit can do many kinds of jobs with fewer steps 
than can most other microprocessors. 

Implementing the eight-level interrupt 

Because the eight interrupt lines into the micro-
processor have independent priorities, an interrupt on 
any one of them is accepted when the corresponding 
mask bit is 1 and no higher-priority interrupt is being 
requested. The mask bits are part of the program-status 
word previously mentioned. 
An extra mask bit can mask all the interrupt lines at 

once, as when the microprocessor is itself busy with a 
critical and perhaps time-dependent task. Recognizing 
the interrupt (when not masked), choosing the highest-
priority request, and linking the interrupt service rou-
tine to and from the main program are controlled by 
the hardware, not by the microprogram. 

Interrupt capability in the microprocessor places cer-
tain restrictions on the use of external memory to guar-
antee that a place is always available to store a pro-
gram-status word without wiping out something else 
that might still be needed. In the TLCS-12, the highest 
priority interrupt always causes the current program-
status word to be exchanged with a new program-status 
word that is kept in location 8. 

Adjacent locations are reserved for lower interrupt 
levels; in an application requiring all eight interrupts, 
locations 8 through 15 must be reserved. Where fewer 
interrupt levels are used, less space in memory is 
needed, but the reserved space always begins at mem-
ory location 8. 
The asynchronous bus, both inside and outside the 

microprocessor, is completely under microprocessor 
control. A request for bus operation, issued by the mi-
croprogram, starts the bus controller on the chip. First, 
the controller stops the microprocessor's internal clock, 
and then runs the bus asynchronously with two output 
signals and one input signal. The two output signals, 
called C1 and C2, rise at the same time, indicating that 
an address to an external device (memory or in-
put/output) is on the bus. As shown in Fig. 5, the 
receipt of this address by the appropriate device is ac-
knowledged by the rise of the incoming ACK line to the 
bus controller. At this time, the microprocessor can re-
move the address from the bus; if C2 falls while CI stays 
up, the device is requested to place data on the bus for 
the microprocessor to read. When the device responds 
to the request, it drops ACK. Then, when the micro-
processor has the data, the controller drops C1, and the 
device is free to release the bus. 
On the other hand, when the microprocessor removes 

the address from the bus and leaves both C1 and C2 up, 
it is preparing to send data to the device in a write oper-
ation. After the address has been replaced by the data, 
C1 falls while C2 stays up, requesting the previously ad-
dressed device to pick up the data. The device acknowl-
edges receipt by dropping ACK, after which the bus con-
troller can release the bus, drop C2, and generate a 
restart pulse for the microprocessor clock. Normal oper-
ation is resumed. 

External control 

Although the microprocessor ordinarily runs under 
internal control, it can also be controlled from a manual 
console for diagnostic purposes, program debugging, 
and the like. Seven control schemes cause, respectively, 
a single instruction to be executed, the program counter 
(part of the program-status word) to be set to a number 
previously placed on the bus, the contents of the pro-

Defining the terms 

In this article, the word "microprocessor" refers to a 
complete processing unit on one large-scale inte-
grated circuit. In some circles, the word refers to that 

particular collection of logic, in IC form or otherwise, 
that is controlled by a microprogram. 

At one point, a reference is made to a condition 
code, a particular bit in a program status word, as the 
basis for a conditional branch. Unfortunately, these 
two similar terms can be easily confused, although 
they have only a tenuous relationship to one another. 

Conditional branch instructions can be defined for 
any of a large number of conditions, such as positive, 
zero, or negative results of a preceding operation, the 
zero or nonzero state of a register, and many more. 
The condition code is only one such condition. 
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7. Input/output control. For a teleprinter, controller includes two 
registers for inbound and outbound data. Portions of the same phys-

ical registers, which nevertheless have different addresses, hold 

control and status information. Timing and control section responds 

to bus-control signals, guides data to and from the teleprinter itself, 

and generates interrupts for the microprocessor. 

gram counter to be placed on the bus (thus permitting 
the operator to designate what instruction is to be exe-
cuted next in the program), the contents of a specified 
memory location to be read or written, or a single mi-
croinstruction to be executed during a test. Last but not 
least, of course, is the NORMAL RUN signal. 

This NORMAL RUN command assumes that the micro-
processor has been previously initialized—that the vari-
ous control flip-flops specify a normal state for the pro-
cessor, that the address of an executable instruction is in 
the program counter, and that all necessary data and in-
structions are available for the microprocessor's use. 
This initialization process, necessary every time the 
microprocessor is started, is executed by an automatic-
start sequence that is built into the microprocessor. The 
automatic-start sequence is designed for use in a system 
that does not include a manual console—that is, in 
fixed-program applications. 

Initializing the system 

A short-duration pulse applied to the micra 
processor's initialization terminal resets all the flip-
flops, loads the program counter with the contents of 
memory location 4095, and clears the remainder of the 
program-status word. To utilize this sequerice, the ad-
dress of the first instruction in the program must previ-
ously have been stored in location 4095, a step easily 
taken by any program-preparing software. The address 
4095, in binary, is a string of 12 Is, or every bit in a 
word turned on; this location, like those reserved for in-
terrupt processing, is not available to the user. 
An internal clock generator in the microprocessor 

produces a two-phase timing signal skewed in such a 

way as to provide four phases, as shown in Fig. 6. If an 
operation calls for the use of the bus, the micra 
processor stops during interval T4, the length of which is 
therefore variable. 
Without bus operation, the complete cycle lasts about 
1 !As; with the bus, an extra 3 to 5 is added for reading 
and 2 to 3 ns for writing. The exact time depends on 
many factors, such as memory speed, bus capacitance, 
bus-driver capability, and so on—all absorbed by the 
asynchronous control of the bus. The extra time is 
added during interval T4, which is where the clock al-
ways stops for a bus operation. 

For most ordinary operations, seven to 10 machine 
cycles are necessary when only the general registers are 
used; one extra cycle is needed for a read operation 
(plus the delay of the asynchronous bus). If the ad-
dresses are indexed, two or three extra cycles within the 
microprocessor are needed, and the read operation 
takes three extra cycles instead of one. For more com-
plex tasks, such as MULTIPLY, as many as 40 machine 
cycles are required, or 43 with indexing. 
An additional advantage of the internal clock gener-

ator in the TLCS-12 is its automatic frequency compen-
sation with temperature. As the ambient temperature 
increases, the logic circuits in the microprocessor slow 
down, and delays within the circuits are increased. But 
the clock slows down to the same degree, tracking the 
changes in circuit delay. However, this advantage has a 
tradeoff. It is impossible to measure time precisely by 
counting machine cycles, instruction executions, or the 
like, because the execution time varies with the tem-
perature. 

Interfacing input/output 

All input/output devices communicate with the mi-
croprocessor through the common bus. Between the ac-
tual device and the bus, however, a device-control unit 
is necessary. In general, the control unit consists of one 
or more buffer registers that can be the same kind for 
all controllers—the kind shown in Fig. 7, for example— 
plus timing and control circuits that are tailored to the 
particular kind of device. These control circuits could, 
for instance, respond to the C1 and C2 bus-control sig-
nals and generate the ACK signal to the bus controller; 
they would also select, time, and otherwise control the 
device itself. 
A typical device-control unit (Fig. 7) would control a 

teleprinter—a Teletype model ASR-33 is commonly 
used. This controller uses two 12-bit buffers— one for 
input and one for output. Since the data to and from 
teleprinter requires only 8 bits, the buffers have 4 bits in 
each direction to spare, which in this design are utilized 
for command and status information. 
The 8-bit part and the 4-bit part have different ad-

dresses to distinguish them for the bus controller in the 
microprocessor. One or the other 12-bit register is speci-
fied by an additional IN/OUT signal generated by the 
control circuitry in response to the fall of C1 and C2, 
whichever is first. The control circuitry could also gener-
ate an interrupt signal when data arrives from the tele-
printer in the data-input register. The interrupt routine, 
in this case, would include a READ instruction to trans-
fer the data from the register to the microprocessor. D 
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REI has one question 
for people who buy 

electronic test 
equipment. 

Why? 
When you need it fast . . . rent it. Purchasing equipment usually involves long delivery lead times. 

When you rent your electronic equipment from REI it's a safe bet that you can get what you need within 36 
hours of the time you call in your order, sometimes sooner. This fast service is possible because we maintain 9 
Instant Inventory Centers throughout the U.S. and Canada, stocking millions of dollars worth of equipment. 

When you need it for only a short time . . . rent it. Need equipment for à short-term project? 
Rent it from REI. When you don't need it any more, return it to us. It's the easy, low-cost way to use the 
equipment you need for just the time that you need it. 

When you care about what it costs . . . rent it. Renting from REI can be less expensive than 
purchasing. There's no capital investment to adversely affect your company's cash flow. This means you'll get 
more mileage from your equipment budget. And, since you can treat your monthly payments as an expense in 
most situations, you'll also achieve tax advantages from renting. 

All REI rental equipment is guaranteed to meet manufacturers' specifications and is operationally 
checked out prior to shipment. Routine maintenance is provided free of charge. Certification and calibration 
are available upon request. Our flexible arrangements include rental, rental-purchase and leasing packages to 
give you the use of equipment from one week to three years or more. 

Get your free copy of our 1974 catalog that lists virtually every item in our rental inventory. Use reader 
service card, or write Rental Electronics, Inc., 99 Hartwell Ave., Lexington, MA 02173. For immediate infor-
mation, call your local REI Instant Inventory Center listed below. Once you rent from RE I, you may never buy 
electronic test equipment again. 

Rental Electronics, Inc. 
pE.SI CQ LEASINL, LUMPANY 

Lexington, MA (617) 861-0667 • Gaithersburg, MD (301) 948-0620 • Oakland, NJ (201) 337-3757 • Ft. Lauderdale, FL (305) 771-3500 
Des Plaines, IL (312) 827-6670 • Dallas, TX (214) 661-8082 • Mountain View, CA (415) 968-8845 • Anaheim, CA (714) 879-0561 

Rexdale, Ontario (PLC Leasing Ltd.) (416) 677-7513 

Think about renting. 
It's the smart way to go. 

Visit us at the IEEE Show, Booth No. 2631. 
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Your files are not up-to-date until 
you get this Solid State tamp (LED) 

data from General Electric. 

FREE 
Each item includes data new or 
revised since October, 1973. 

111 Solid State Lamp catalog with 
complete GE family of infrared and 

visible SSL's. #3-3358. (Oct. 73) 

E Industry cross reference of solid state 

lamps. #3-3493. (Oct. 73) 

GaP vs. GaAsP informative 
bulletin. #3-489. (Feb. 74) 

11 Photoelectric Systems Guide. #3-3471. 

111 Set of Infrared SSL Product Bulletins. 

D Set of Visible SSL Product Bulletins. 

El ONLY $1.00/SET 
Complete Two-Part SSL Manual. 
Covers theory, characteristics and applica-
tions with 108 pages of diagrams, graphs 
and circuit applications. #3-488. 

11] EXCLUSIVE OFFER—ONLY 81.75. 
Tell-Tale Infrared Detector. #3-3361. 

GE's unique Tell-Tale 
Infrared Detector is 
great for checking, 
installing or aligning 
opto coupled devices or 
systems. It is a one 
square-inch phosphor 
screen mounted on a 4" 
x 6" card that converts 
the invisible infrared 
energy into a visible 
image. Get yours now 
for only $1 .75. 

All this worthwhile information is available 
from your GE electronic distributor listed 
below. Or from GE's Miniature Lamp Products 
Department listed in your Yellow Pages. Or 
write General Electric, Nela Park, #4454-M, 
Cleveland, Ohio 44112. Or call GE collect 

at (216) 266-6651 and ask for Bill Lenkner. 

And remember, GE makes a full line of com-
petitively priced visible and infrared SSL's. 
Most popular lamps are available for imme-
diate delivery. Let us quote you on your 
requirements. 

GE electronic distributors (listed alphabetically by company name) 
Almac/Stroum Electronics 
Seattle, WA 97108 

Almo Electronics 
Philadelphia, PA 19114 

Barnhill Five, Inc. 
Denver, CO 80226 

Brill Electronics 
Oakland, CA 94600 

Carlton-Bates Company 
Little Rock, AR 72209 

Cramer Electronics 
East Syracuse, NY 13057 
Irvine, CA 92705 
Mt. Prospect, IL 60056 
Newton Center, MA 02159 
Sunnyvale, CA 94086 

Cramer New Mexico, Inc. 
Albuquerque, NM 87108 

Electra Distributing Company 
Nashville, TN 37203 

Electronics Marketing Corp. 
Columbus, OH 43212 

Electronics Parts Company 
Denver, CO 80226 

Electronic Supply 
Riverside, CA 92507 

Elmer Electronics 
Mt. View, CA 94043 

General Electric Supply Company 
Rochester, NY 14623 

General Radio Supply Co. 
Camden, NJ 08102 

Gerber Electronics 
Dedham, MA 02026 

Graham Electronics Supply Co. 
Indianapolis, IN 46204 

G. S. Marshall Company 
El Monte, CA 91731 
Hamilton/Avnet Electronics 
Burlington, MA 01803 
Culver City, CA 90230 
Dallas, TX 75207 
Denver, CO 80211 
Hazelwood, MO 63042 
Houston, TX 77019 
Lenexa, KS 6621 5 
Mt. View, CA 94040 
Salt Lake City, UT 8411 9 
Schiller Park, IL 60176 
Syracuse, NY 13211 

Hamilton Electro Sales 
Hanover, MD 21076 

Hammond Electronics 
Orlando, FL 32802 

Harpe Electronics, Inc. 
Chattanooga, TN 37408 

GENERAL 

Hughes/Peters, Inc. 
Cincinnati, OH 45227 
Columbus, OH 43211 

Kierulff Electronics, Inc. 
Los Angeles, CA 90040 

L Comp 
North Kansas City, MO 64116 

Lykes Electronics Corp. 
Atlanta, GA 30325 
Milgray Electronics 
Freeport, NY 11520 

Newark Electronics 
Chicago, IL 60624 

Newark Electronics, Inc. 
Salt Lake City, UT 84115 

Oil Capitol Electronics Corp. 
Tulsa, OK 74115 

Olive Industrial Electronics, Inc. 
St. Louis, MO 63130 

Pioneer/Dayton 
Dayton, OH 44481 

Pioneer/Cleveland 
Cleveland, OH 44105 

R.S. Electronics 
Detroit, MI 48227 

ELECTRIC 

Rem Electronics 
Warren, OH 44481 

Rochester Radio Supply Co., Inc. 
Rochester, NY 14614 

Rome Electronics, Inc. 
Rome, NY 13440 

Schweber Electronics 
Atlanta, GA 30340 
Beachwood, OH 44122 
Elk Grove Village, IL 60007 
Hollywood, FL 33020 
Rochester, NY 14624 
Rockville, MD 20852 
Somerset, NJ 08873 
Waltham, MA 02154 
Westbury, NY 11 591 

Semiconductor Specialists, Inc. 
Elmhurst, IL 60126 
Indianapolis, IN 46241 
Pittsburgh, PA 15238 

Southeastern Radio Supply Co. 
Raleigh, NC 27603 

Standard Electronics, Inc. 
Cheektowaga, NY 14225 

Sterling Electronics 
Houston, TX 77027 

Sterling Electronics Corp. 
Dallas, TX 75229 

Western Electromotive 
Culver City, CA 90230 

Zack Electronics 
San Francisco, CA 94102 
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Engineer's notebook 

Reducing the power drain of 
semiconductor static RAMs 
by B.W. Martin and J.A. Roberts 
Microsystems International Ltd., Ottawa, Canada 

A semiconductor memory requires continuous power to 
preserve the integrity of stored data while the memory 
is in its standby storage mode. By pulsing the power 
supply, the memory's power drain can be reduced con-
siderably. This approach is particularly advantageous 
for static memories because their normally low power 
drain can be made even smaller. Most of the power sup-
plied to a static memory is consumed in its storage array 
and not in its decoders or read/write circuitry. 
As an example, let's develop a low-drain standby-

power circuit for the widely used type-2102 n-channel 
static random-access memory. This device is a 1,024-by-
1-bit array that typically consumes 150 microwatts per 
bit. Because most of the power supplied to this RAM is 
needed by its storage circuitry, techniques that simply 
switch off the power to its peripheral circuitry are of 
little use. 
As shown in Fig. 1, the RAM'S basic storage cell is a 

bistable flip-flop that has a dc path to ground on one 
side. To reduce standby power, the current consumed in 

1. Memory storage cell. Basic storage cell of n-channel static RAM 

is a bistable flip-flop. Node voltage VN must be greater than the 

threshold of transistor Qi to prevent loss of data. When there is no 

standby power, leakage current causes voltage VN to decrease. 

this path must be minimized while still maintaining 
data integrity. 

Because leakage current increases with rising tem-
perature, data integrity is most severely threatened at 
elevated temperatures. During the off-time of a power 
pulse, node voltage VN decreases due to leakage cur-
rent, particularly leakage from the node to the sub-
strate. If this node voltage approaches or falls below the 
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2. Minimizing standby-power drain. Pulsing standby power for memory array maintains data integrity while significantly decreasing power 

consumption. To reduce noise pickup on the pulsed power line, the switching transistors are mounted on the same board as the memories. 
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threshold voltage of transistor Qi, the data is lost. 
When supply voltage Vcc is 4.75 volts, data integrity 

can be maintained if the on-time of Vcc is 5 micro-
seconds and the off-time is 145 bis. At room tempera-
ture, the RAM will draw a typical current of 1.1 milliam-
peres, which represents a power consumption of only 
5.2 milliwatts and a power reduction of 96%. 

If Vcc is decreased to 3.5 y, with an on-time of 10 its 
and an off-time of 70 its, the integrity of the data can 
still be maintained. Now, the average current drawn at 
room temperature is 1.5 mA, the power consumed is 
5.25 mw, and the power reduction is still 96%. This lat-
ter approach is useful in emergency situations because it 
permits a lower standby battery voltage to be used. 

In many systems, decoupling capacitors are con-
nected across the memory power rail to reduce noise. 
While this is acceptable when the rail voltage is not 
pulsed, certain factors should be considered when deal-
ing with a pulsed rail supply. 

In the standby mode, the magnitude of the supply-
voltage pulse height and pulse width are critical. A typi-
cal type-2102 RAM has a maximum capacitance of 500 
picofarads from the Vcc supply line to ground. The ad-
dition of decoupling capacitors on the order of 0.01 mi-
crofarad could increase the power-rail capacitance to 
such an extent that the pulsed power supply cannot 
drive the load fast enough to reach the required voltage 
in the time allowed by the input pulse. 
A practical solution is to mount the switching transis-

tors that are used to get the pulsed power on the same 
board as the memory; this reduces noise pickup on the 
pulsed line. To reduce noise, decoupling capacitors can 
be mounted on the unswitched side of the switching 
transistors, where the Vcc supply voltage remains con-
stant. 
A typical standby power system for a 6,144-by-4-bit 

memory array is shown in Fig. 2. The CE1 through CE6 
inputs are the higher address lines that select the major 
array row desired. (A major row is selected when a CE 
line is logic 0.) Since all other rows are deselected, the 
read/write lines to these minor rows are in a read Mode 
(logic 1). The CE lines also control the Vcc supply to 
the over-all array so that only the unselected rows are 
pulsed at the required duty rate. The lower address 
lines, AO through A9, run to all the memories in the ar-
ray. Therefore, when a particular row is being ad-
dressed, the same address will appear at all unselected 
rows. (A changing address has little effect on the power 
consumption of a type-2102 RAM.) 
The duty cycles suggested here for the pulsed standby 

power are the minimum allowable if the memory is to 
operate over a temperature range of 25°C to 70°C. Even 
shorter duty cycles can be used if the memory is not ex-
pected to encounter high ambient operating tempera-
tures. And if complementary-MOs devices are employed 
for the logic gates, additional power savings can be real-
ized. Naturally, the duty cycles selected should be ap-
propriate for the specific devices being used. 

Operating a logic gate 
as a flip-flop 
by William Wilke 
University of Wisconsin. Madison, Wis. 

Did you ever need just a single flip-flop, and find that 
all you have left on your circuit board is one unused 
gate? Or, perhaps space is your problem—you have 
room for one more gate, but can't fit a flip-flop. 

Here's a way to make that unused gate behave as 

though it were a flip-flop. The technique relies on the 
wired-AND capability of a TTL, gate, and the wired-OR 
capability of an ECL gate. 

If the outputs of two or more TTL gates are tied to-
gether, then the resulting wired-AND connection will go 
high only when the outputs of all the gates are high. 
Similarly, if the outputs of two or more ECL gates are 
joined together, the resulting wired-OR junction will be-
come high when any one of the gate outputs go high. 
An ECL AND gate (a), then, that has its output tied 

back to one of its inputs will act like a flip-flop. The 
gate's RESET input is normally high, and a negative-go-
Mg pulse on this RESET input causes the gate's output to 
go low. On the other hand, a positive-going pulse at the 
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Getting a Notable from a gate. Wired-OR connection (a) from the output of an ECL AND gate to one of its inputs permits me g - 

tion as a flip-flop. For a positive SET pulse, the output is high; for a negative RESET pulse, the output is low. Similarly, a TTL OR gate (b) with a 

wired-AND connection to one of its inputs also acts as a flip-flop. A simple RC network (c) can be added to produce a one-shot. 
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SET input will make the output go high. The wired-OR 
connection at the output will keep the SET line high, 
thus latching the gate until the next RESET pulse comes 
along. (Note that the SET input is forced high, a condi-
tion that may be unacceptable for some circuits.) 
A TTL OR gate (b) that has an open-collector output 

can be made to operate similarly. In this case, the gate's 
output is tied to its RESET input line. For the single-gate 
rri flip-flop, a negative-going RESET input pulse causes 
the output to go low, and a positive-going SET input 
pulse produces a high output. 
With a slight modification, the flip-flops can be oper-

ated as one-shots. The circuit of(c) shows what this easy-to-

add modification looks like for the ECL AND gate. 
The one-shot is triggered by a positive-going edge at 

its SET input. This keeps both inputs high until the ca-
pacitor has discharged through resistor R1. The two re-
sistors, R1 and R2, form a voltage divider that is con-
nected between ground and -5 volts to bias the gate's 
input lines to a logic low. (For the rrt one-shot, resistor 
R2 can be eliminated.) 
Both flip-flops and the one-shot have an interesting 

and rather unusual feature—there is no gate delay be-
tween one of the inputs and the output. Either flip-flop 
does have one important limitation, however—one of its 
input lines is forced to follow the output. 

Isolator circuit permits scope 
to check ungrounded voltages 
by Richard K. Dickey 
California Polytechnic State University, San Luis Obispo, Calif. 

Measuring low-level voltages in circuits that are not ref-
erenced to ground can be rather difficult. But a special 
oscilloscope isolator circuit allows a grounded scope to 
be used for observing small voltages—including their dc 
levels—in ungrounded circuits. 
With this isolator, even common-mode potentials as 

high as 500 volts will have no effect on the measure-
ment of differential potentials as low as 0.1 v. The cir-
cuit is particularly suitable for measuring SCR gate-to-
cathode voltages and thyratron grid-to-cathode voltages 
in motor-control circuits, where the cathodes are typi-
cally removed from ground by 120 y ac. 

Floating Input. Oscilloscope isolator circuit is ideal for measuring small voltages in ungrounded circuits. Differential potentials as low as 0.1 

volt can be discerned out of common-mode potentials as large as 500 V. An optical coupler separates signal and scope inputs. 

The isolator circuit is divided into two sections, which 
are separated by the insulating barrier of an optical 
coupler. The input section consists of a precision decade 
step attenuator, limiting diodes, and an operational am-
plifier. The op amp employs current feedback so that 
the current supplied to the LED of the optical coupler is 
linearly proportional to the input voltage but offset by 
one-half of the full signal range. The circuit's output 
section contains the phototransistor of the optical 
coupler and a balancing network, which assures that the 
circuit's output voltage will be zero when the signal 
voltage is zero. 

For maximum safety, the two sections should be as-
sembled in a plastic box, with a plastic barrier sepa-
rating the two, except for the connections to the optical 
coupler. The isolator's operating bandwidth is limited to 
the audio range by the 741-type op amp. A wider-band-
width op amp will improve the frequency response. Li 

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 
saying engineering time or cost. Well pay $50 for each tern published. 
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Often it's nice to measure analog quantities digitally. Well, measur-
ing temperature digitally is duck soup—a digital thermometer is as 
close as your nearest digital multimeter and a conventional rectifier 
diode. The constant current generated when the meter measures the 
diode's forward resistance provides a linear resistance function of tem-
perature. 

According to James B. Ricks of Bell and Howell Schools in Chicago, 
a Fluke model 8000A multimeter and a type 1N4004 diode produce the 
linear function: °C = 290 - 0.473R, where R is the diode's forward 
resistance with the meter set to its 2-kilohm range. Several other meters 
and diodes can be calibrated similarly. 

It's simple. First, solder small flexible leads at the diode body and 
cut off the excess diode leads. Then calibrate the meter-and-diode com-
bination with cold water, hot water, and a laboratory thermometer. If 
necessary, the lead wires can even be coiled at the diode to reduce their 
resistance temperature coefficient. 
Have readers any other bright ideas for converting analog into digital 

measurements? They should be sent to Electronics, to the attention of 
Laurence Altman. 

Using the rule of thumb that relates an oscilloscope's rise time (t) to its 
bandwidth (t) by the formula ft = 0.35, a Jan. 10 newsletter on this 
page showed that an everyday 35-megahertz scope is good enough for a 
quick look at pulses with rise times as fast as 10 nanoseconds. But for 
making accurate rise-time measurements, Bill Klade of Tektronix Inc. 
reminds us that you'll need a much faster scope—with a rise time that's 
at least a fifth of that of the pulse being measured. For a 10-ns pulse, 
that means a scope with a bandwidth of 175 MHz, yielding a measure-
ment with an error of approximately 2%. 

You may have a first-rate process or manufacturing facility, but is it 
safe? A recent Occupational Safety and Health Act survey indicates 
that more than 50% of companies it surveyed lack even an adequate 
first-aid program, let alone speedy access to professional medical per-
sonnel. Fate Associates will survey your plant, determine your first-aid 
needs, prepare courses, and supervise monthly meetings. For a free sur-
vey, contact Fate Associates Inc., 985 Patton St., North Brunswick, N.J. 

Designers of military systems who've been trying to exploit the low 
power and easy-to-use aspects of complementary mos have had 
trouble getting a large enough variety of standard parts that satisfied 
their high-reliability requirements. But they can now take heart: RCA 
has qualified virtually its entire family of 4,000 COSMOS circuits, pro-
cessing them in accordance with Mil Std 883 and Mil M 38510. 

Less power In line with the nation's concern with saving energy, this section is on 
the lookout for design ideas that conserve power in circuits and/or sys-to the system 
tems. Got any you'd like to send us? 
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How to save silver when buying gold: Spec Cherry 
Gold "Crosspoint" Contact keyboard switches. With a 
momentary Form A (SPST/NO) price tag of just 29C 
in 250,000 quantity .... lower prices in higher quantities. 

What do you get besides low price? Unique, proven 
Cherry Gold "Crosspoint" contact configuration that 
enhances reliability. Tested beyond 50,000,000 opera-
tions. (Test Report No. TK 10071 available on request.) 
You get Cherry's low profile Keyboard switch featuring 
rugged construction, 21/2 ounce operating force and 
stable contact resistance (typically 25 milliohms over 
life). Made by the people who pioneered the Gold 

"Crosspoint" Contact in snap-action switches. 
The result? Cherry keyboard switches are your ideal 

choice for computer terminals, electronic calculators 
and credit card validators. 

CHERRY 

TEST A FREE SAMPLE. Choose the 

29C Form A switch . . . or any of Cherry's complete line 

of keyboard switch modules. Just TWX 910-235-1572 

. . . or PHONE 312/689-7700 and ask Frank to give you 

facts on Keyboard Switches . . . or circle appropriate 
reader service number. 

FORM A, MOMENTARY 
(SPST/NO) 
Circle No. 123 for Free Sample 

ALTERNATE ACTION (SPST) 

Circle No. 89 for Free Sample 

DUAL FORM A, MOMENTARY 
(DPST/NO) 

Circle No. 90 for Free Sample 

ACTUAL SIZE 

CHERRY ELECTRICAL PRODUCTS CORP. 

3608 Sunset Avenue, Waukegan, Illinois 60085 

gefab..111t_ 
ef 

•-•.-)NM.eree-% 

Cherry affiliates 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 



YOU CAN GET 
EXPERT ELECTRONICS 
CONTRACT WORK FOR 
UMBER 2° PER HOUR! 

(including Labor, Profit and Overhead) 
And just as important as 
price is quality. In the 
Caribbean nation of Trini-
dad & Tobago trained, 
willing hands have been 
producing for U.S. com-
panies some of the most 
sophisticated electronic 
components anywhere. 
Examples: two-way mo-
bile radio harnesses, 
memory core assemblies, 
advanced micro-electron-
ic relays, and printed 
circuit boards. 
Meet us at rTrinidad & Tobago 
our booth at I Industrial Development Corporation 
the IEEE Show 400 Madison Avenue, New York, N.Y. 10017 

I Clyde S. Namsoo, North American Director 
I I'd like you to give me 15 reasons why elec-
i trical and electronics manufacturers are 
I making or contracting their products in 
Trinidad & Tobago. 
Name & Title  

I Company  
I Address 

City, State, Zip _ 
Telephone No.   
I Product Line  

-Mg Ask such companies as 
Westinghouse, Sylvania, 
Bunker-Ramo, General 
Electric or Fifth Dimen-

\ sion Inc. about Trinidad & 
Tobago. Or ask us...by fill-
ing in and returning to us 
the coupon below. 

TRINIDAD ei 
TOBAGO 
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CTS put tile squeeze on, 
3 mole cefinet 

fésistorretWcirks. 
Nolir 23 standard CIS designs-3 lead styles 

G8 cries 750 Edge Mount Paclwes. 
- -I 

= 

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 
capabilities 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. 

C TS CORPORATION 

‘iwo 

Elkhart Inrhana 

A world leader in cermet and variable resistor technology 
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ELECTRONIC and ALLIED INDUSTRIES 
Cinema Engineering Co., 1508 S. Ver-

dugo Ave., Burbank. Cal. 
Daven Co., 158 Summit St., Newark, N. J. 
General Electric Co.. Schenectady, N. Y. 
General Radio Co., 30 State St.. Cam-

bridge, Mass. 
Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave., Newark, N. J. 

WATTMETERS 

Bristol Co., Waterbury, Conn. 
Cambridge Instrument Co., Grand Central 

Terminal, New York, N. Y. 
Esterline-Angus Co. (Speedway City), In-

dianapolis, I nd. 
General Electric Co., Schenectady, N. Y. 
J B L Instrument Co., Darby, Pa. 
Leeds & Northrup Co., 4918 Stenton Ave., 

Philadelphia. Pa. 
Norton Electrical Instrument Co.. Man-

chester, Conn. 
Philco Radio & Television Corp.. Tioga 

& C Sts., Philadelphia. Pa. 
Rawson Electrical Instrument Co., 102 

Potter St., Cambridge, Mass. 
Reliance Instrument Co., 1135 W. Van 

Buren St., Chicago, Ill. 
Roller-Smith Co., Bethlehem. Pa. 
Sangamo Electric Co., Springfield. Ill. 
Sensitive Research Instrument Corp., 4545 

Bronx Blvd., New York. N. Y. 
Welch Mfg. Co., W. M.. 1515 Sedgwick 

St., Chicago, Ill. 
Westinghouse Electric & Mfg". Co., East 

Pittsburgh, 
Weston Electrical Instrument Corp., 611 

Frelinghttysen Ave., Newark, N. J. 

Microammeters  
•ee m meters 

Microfaradmeters 
see Bridges 

Milliammeters  
Nee Ammeters 

Multipliers  

VOLTMETER MULTIPLIERS 

Farnsworth Television & Radio Corp., 
Fort Wayne, Ind. 

General Electric Co., Schenectady. N. Y. 
Instrument Resistors, Inc., 25 Amity St., 

Little Falls. N. J. 
Precision Resistor Co., 334 Badger Ave., 

Newark, N. J. 
Shallcross Mfg. Co.. 10 Jackson Ave., 

Collingdale, Pa. 

Ohmmeters 

Oscillators  

AUDIO.FREQUENCY OSCILLATORS 

Amplifier Co. of America, 17 W. 20th St., 
New York, N. Y. 

Audio-Tone Oscillator Co., 60 Walter St., 
Bridgeport, Conn. 

Boonton Radio Corp., Boonton, N. J. 
Cambridge Instrument Co., Grand Central 

Terminal, New York. N. Y. 
Carron Mfg. Co., 415 S. Aberdeen St., 

Chicago, Ill. 
Clough-Brengle Co., 5501 Broadway, Chi-

cago. Ill. 
Electronic Products Co., St. Charles, Ill. 
Ferris Instrument Co., Boonton, N. J. 
General Radio Co., 30 State St., Cam-

bridge, Mass. 
Hewlett-Packard Co.. 481 Page Mill Rd., 

Palo Alto. Cal. (See page 92.) 
Hickok Electrical Instrument Co., 10514 

Dupont Ave., Cleveland, Ohio 
Jackson Electrical Instrument Co., 123 

Wayne Ave., Dayton, Ohio. (See 
Image 161.) 

Leeds & Northrup Co., 4970 Stenton Ave., 
Cleveland. Ohio 

El. ECTRONICS — June 1942 

(Electrical Instruments) 

Lepel High Frequency Laboratory, Inc., 
39 W. 60th St., New York, N. Y. 

RCA Mfg. Co., Camden, N. J. 
Supreme Instruments Corp., Greenwood. 

Miss. 
Televiso Products, Inc., 2400 N. Sheffield 

Ave., Chicago, Ill. 
Triplett Electricin Instrument Co., 286 

Harmon Rd., Bluffton, Ohio 
Triumph Mfg. Co., 4017 W. Lake St., 

Chicago, Ill. 
Turner Co., 909 17th St., N. E., Cedar 

Rapids, Iowa. 

RADIO-FREQUENCY OSCILLATORS 

Audio-Tone Oscillator Co., 60 Walter St., 
Bridgeport, Conn. 

Burton-Rogers Co.. 857 Boylston St., 
Boston, Mass. (Sole Distributors for 
Hoyt Electrical Instrument Works, 
Boston, Mass.) 

Clough-llrengle Co., 5501 Broadway, Chi-
cago, Ill. 

Ferris Instrument Corp., Boonton, N. J. 
General Radio Co., 30 State St., Cam-

bridge, Mass. 
Hickok Electrical Instrument Co., 10514 

Dupont Ave., Cleveland, Ohio 
Hoyt Electrical Instrument. %\ orks--see 

Burton-Rogers Co. 
Jackson Electrical I list ro ment Co., 123 

Wayne Ave., Dayton, Ohio. (See 
page 161.) 

Mclearlin Co., 29 W. Marion Ave., Youngs-
town. Ohio 

Philharmonic Radio Corp., 216 William 
St.. New York, N. Y. 

Premier Crystal Laboratories, Inc., 63 
Park Row, New York, N. Y. 

TICA Mfg. Co., Camden, N. J. 
Simpson Electric Co., 521S W. Kinzie St., 

Chicago, I II. 
Supreme Instruments Corp., Greenwood. 

Miss. 
Televiso Products, Inc., 2100 N. Sheffield 

Ave., Chicago, Ill. 
Triplett Electrical Instrument Co., 286 

Harmon Ild., Bluffton, Ohio 
Triumph Mfg. Co., 4017 W. Lake St., 

Chicago, Ill. 
Turner Co., 909 17th St., N. E., Cedar 

Rapids, Iowa. 
ston Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark, N. J. 

Oscilloscopes  

CATHODE-RAY INSTRUMENTS 

Cambridge Instrument co Grand Central 
Terminal. New York N. Y. 

Clough-Brengle Co., 5501 Itroadway, Chi-
cago, Ill. 

Du Mont Laboratories, Inc., Allen D.. 2 
Main Ave.. Passaic. N. J. (See p. 118.) 

Electro-Medical Laboratory, Inc., Hollis-
ton, Mass. 

Engineering Laboratories, Inc., 624 E. 
Fourth St., Tulsa, Okla. 

Fredericks Co., George E., Bethayres, Pa. 
General Electric Co., Schenectady, N. Y. 
General Radio Co.. 30 State St., Cam-

bridge. Mass. (See Page 101 .) 
Heiland Research Corp., Club Bldg., Den-

ver, Col. 
Hickok Electrical Instrument Co., 10514 

Dupont Ave., Cleveland, Ohio 
Jackson Electrical Instrument Co., 131 

Wayne Ave., Dayton, Ohio 
Jones-Orme Co., 1645 Hennepin Ave., St. 

Paul. Minn. 
Millen Mfg. Co., James, 150 Exchange St., 

Malden. Mass. 
Philco Radio & Television Corp., Tioga & 

C Sts., Philadelphia, Pa. 
RCA Mfg. Co., Camden, N. J. 
Sound Apparatus Co., 150 W. 46th St., 

New York, N. Y. 
Supreme Instrument Corp., Greenwood. 

Miss. 
Thordarson Electric Mfg. Co., 500 W. 

Huron St., Chicago, Ill. 
Triplett Electrical Instrument Co., 286 

Harmon Rd., Bluffton, Ohio 
Triumph Mfg. Co., 4017 W. Lake St., 

Chicago, Ill. 
United Transformer Co., 150 Varlek St., 

New York, N. Y. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 

MOVING-CONDUCTOR OSCILLOGRAPHS 

Cambridge Instrument Co., Grand Central 
Terminal, New York, N. Y. 

Westinghouse Electric & Mfg. Co., East 
Pittsburgh, l'a. 

MULTI-ELEMENT OSCILLOGRAPHS 
Cambridge Instrument Co., Grand Central 

Terminal. New York, N. Y. 
Electro-Medical Laboratory, Inc., Hollis-

ton, Mass. 
Engineering Laboratories. Inc., 624 E. 

Fourth St., Tulsa, Okla. 
General Electric t'o., Schenectady, N. Y. 
Westinghouse Electric & Mfg,. Co., East 

Pittsburgh, Pa. 

PIEZOELECTRIC OSCILLOGRAPHS 
Brush Development Co., 3311 Perkins 

Ave., Cleveland, Ohio 
Cambridge Instrument Co., Grand Central 

Terminal. New York, N. Y. 
Electro-Medical Laboratory, Inc., Hollis-

ton. Mass. 
Engineering Laboratories. Inc., 624 E. 

Fourth St., Tulsa, Okla. 
Fleiland Research Corp., Club Bldg., Den-

ver, Col. 
McFarlin Co., 29 W. Marion Ave., Youngs-

town, Ohio 
Westinghouse Electric & Mfg. Co., East 

tt sburgh , Pa. 

"Q" Meters  
see Meters 

Recorders  
see Indicators 

CAPACITOR LEAKAGE RECORDERS 

Cornell-Dubilier Electric Corp., 1000 Ham-
ilton Blvd., South Plainfield, N. J. 

Esterline-Angus Co. (Speedway City), 
Indianapolis, Intl. 

Leeds & Northrup Co., 4970 Stenton Ave., 
Philadelphia. Pa. 

FREQUENCY RECORDERS 

Sound Apparatus Co., 150 W. 46th St., 
New York, N. Y. 

Shunts  
AMMETER SHUNTS 

Cambridge Instrument Co., Grand Cen-
tral Terminal, New York, N. Y. 

Esterline-Angus Co. (Speedway City), 
Indianapolis, Ind. 

General Electric Co., Schenectady, N. Y. 
Gray Instrument Co.. 64 W. Johnson St. 

(Germantown), Philadelphia, Pa. 
Hickok Electrical Instrument Co., 10514 

Dupont Ave., Cleveland, Ohio 
Instrument Resistors, Inc., 25 Amity St., 

Little Falls, N. J. 
International Resistance Co., 401 N. 

Broad St., Philadelphia, Pa. 
Leeds & Northrup Co., 4970 Stenton Ave., 

Philadelphia, Pa. 
Roller-Smith Co.. Bethlehem, Pa. 
Rubicon Co., 3751 Ridge Ave., Phila-

delphia, Pa. 
Sensitive Research Instrument Corp., 4545 

Bronx Blvd., New York, N. Y. 
Triplett Electrical Instrument Co., 286 

Harmon Rd., Bluffton, Ohio 
Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave., Newark, N. J. 

Standards  
CAPACITANCE STANDARDS 

Cambridge Instrument Co., Grand Cen-
tral Terminal, New York, N. Y. 

Cornell-Dubilier Electric Corp., 1000. 
Hamilton Blvd., South Plainfield,. 
N. J. 

General Radio Co., 30 State St., Cam-
bridge, Mass. 

Industrial Instruments. Inc., 156 Culver' 
Ave., Jersey City, N. J. 

Leeds & Northrup Co., 4970 Stenton Ave., 
Philadelphia, Pa. 

Solar Mfg. Corp., Bayonne, N .1. 

FREQUENCY STANDARDS 
Andrew, Victor J., 6429 S. Lavergne Ave., 

Chicago, Ill. 
Ferris Instrument Corp., Boonton, N. .1. 
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FEEL 
FREE 1'0 
USE OUR 
NAME ... 
(when specifying sweePers)-

Wavetek has a sweeper for just about every use imaginable 
—with frequency coverage from 0.5 to 1400 MHz. All are 
all-solid-state with excellent linearity characteristics. Crystal-
controlled markers and pin-diode leveling are standard. So 
is the remote programming capability. And to complement our 
line of sweepers, we've introduced a new X-Y display scope 
that sells for just $475. It has a 12" diagonal CRT and four ranges 
of sensitivity to 1 mV/division. Attenuators and detectors to com-
plete your test set-up are also available. To get more informa-
tion, be sure to use our complete name: Wavetek Indiana, 
Inc., P.O. Box 190, Beech Grove, Indiana 46107. 
Tel: (317) 783-3221 TWX 810-341-3226 

SWEEPER MODELS 
1001A 0.5 MHz to 300 MHz $ 995 
1002 1 MHz to 500 MHz 1095 
1004 500 MHz to 1 GHz 995 
1005 700 MHz to 1.4 GHz 995 
1801A 1 MHz to 950 MHz 1445 
2000 1 MHz to 1.4 GHz 1375 
2001 1 MHz to 1.4 GHz 1695 
SCOPE MODEL 
1901A 12" X-Y Display $475 

ATTENUATOR MODELS 
5001 0-1 dB in 0.1 dB steps $80 
5010 0-10 dB in 1 dB steps 80 
5070 0-70 dB in 10 dB steps 80 
5080 0-80 dB in 1 dB steps 185 

\A/A\ITE 
INDIANA INCORPORATED 
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New products 

LEDs go up in size, down in price 
Optical stretching technique in one-chip-per-segment readouts makes 

gallium-arsenide-phosphide diodes more competitive for half-inch displays 

by Michael J. Riezenman, Instrumentation Editor 

The big obstacle keeping light-emit-
ting-diode displays from pene-
trating the large-digit market in a 
big way has been the high cost of 
large LEDS. Gallium arsenide phos-
phide is an expensive material, and 
a display that needs a lot of it neces-
sarily costs a lot of money. 
Now, two companies—Hewlett-

Packard and Fairchild—are using a 
material-saving technique to build 
LED displays in the half-inch-high 
range at costs of 
about $2.50 per 
digit in quantities 
of 1,000. 
About a year 

ago, makers of 
GaAsP LED dis-
plays began to 
use the light-
spreading pack-
aging techniques 
long used to cut 
costs of gallium-
phosphide dis-
plays by reducing 
the amount of 
semiconductor 
material needed 
to form each 
digit. Instead of 
using a piece of 
material, say 0.1 
in. long, to make 
a segment of that length, the opti-
cally stretched digit uses a tiny chip 
of material and spreads its light out-
put along the length of a glowing 
plastic bar [Electronics, March 15, 
1973, p. 65]. 

Until now, optical stretching has 
been limited to digits about 0.3 in. 
high because of difficulties in get-
ting sufficient brightness and uni-
form lighting of larger segments. 
Actually, at least one manufacturer 

offers an optically stretched 0.6-in. 
display, but it uses two chips per 
segment, thus doubling the number 
of chips per digit, doubling the 
number of bonds per digit, and 
doubling the voltage drop for each 
segment. 
The two new devices—Fairchild's 

FND-500 and Hewlett-Packard's 
5082-7750—are both single-chip-
per-segment displays. The Fairchild 
entry measures exactly 0.5 in. high, 

simply diffuses the light coming out 
of the chip by means of what is 
called a "pseudo-fight-pipe" design. 
One result of these different ap-
proaches is the difference in viewing 
angle and brightness between the 
two units. 
The Fairchild FND-500 has a 

minimum axial luminous intensity 
of 240 microcandela, typical, 600 
µal, and a viewing angle to half in-
tensity of ±-25°. The H-P 5082-7750 

has a minimum 
axial luminous in-

Big difference. Increase in height from 0.3 to 0.43 inch may not sound big, but the larger 

of these H-P readouts—shown unenergized—has twice the area of the smaller. 

while H-P chose the oddball-sound-
ing size of 0.43 in., which results in a 
digit with exactly twice the viewing 
area of the company's earlier 0.3-in. 
digit (see photo). 
The FND-500 uses a light-pipe 

packaging technique in which the 
light from a 20-mil GaAsP chip is 
led down a gold-plated pipe to a 
plastic rectangle which has a fly's-
eye lens molded on its back. The 
5082-7750 doesn't need a lens; it 

tensity of 150 µcd, 
typical, 250 ¿'cd, 
and a viewing 
angle to half in-
tensity of ±-55°. 
For both units, 
the intensity spec-
ification is for a 
single segment at 
a current of 20 
milliamperes. 
Of course, the 

big news is price. 
For quantities of 
100 to 999 units, 
the Fairchild dis-
play is $2.95 each, 
and the H-P de-
vice goes for 
$3.50. For 1,000 
and up, the FND-

500 drops to $2.65 each, and the 
5082-7750 comes down to $2.50 
each. And, while larger-quantity 
prices are negotiated individually, 
company spokesmen have indicated 
that prices would drop below $2 for 
quantities in excess of 10,000. 
Fairchild Microwave and Optoelectronics 

Division, 4001 Miranda Ave., Palo Alto, Calif. 

94303 [338] 

Inquiries Manager, Hewlett-Packard Co., 

195 Page Mill Road, Palo Alto, Calif. [339] 
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• The force it takes 
to blink your eye could 
actuate our new V3 switch. 

The V3 miniature snap-action basic is now available 
with operating forces as low as 15 grams in the pin-plunger 
variety. As low as 2 grams with a lever actuator. 

Special contacts are available for low energy or higher 
energy applications up to 3 amps. Temperature range up to 
+185°F Also, the low force V3 incorporates the same spring 
which on other V3 basics results in 95% survival through 
10,000,000 mechanical operations. 

If you need a low force subminiature, our SX is only 
V2 inch long. With an operating force as low as 20 grams with 
a lever. Our slightly larger subminiature, the SM, has an 
operating force of only 6 grams with a lever. 

The V3, SX and SM come with a variety of integral and 
auxiliary actuators. Choose from a selection of solder, screw 
and quick-connect terminal designs. UL listed, CSA certified. 

For the name and telephone number of your nearest 
MICRO SWITCH Branch Office or Authorized Distributor, 
call toll-free 800/645-9200 (in New York, 516/294-0990, 
collect). MICRO SWITCH 
MICRO SWITCH products are available worldwide through Honeywell International. 

Circle 128 on reader service card 
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New products 

Components 

Clock oscillator 
is 0.2 inch high 

Hybrid device in DIP 

offered at any frequency 

from 250 kHz to 20 MHz 

By combining quartz-crystal-oscilla-
tor technology with thick-film hy-
brid techniques, Motorola's Compo-
nent Products department has 
developed a crystal oscillator in a 
dual in-line package with a seated 

height of only 0.200 inch, allowing 
its use on printed-circuit cards with 
no loss of board spacing. The all-
solid-state oscillator also is more re-
liable and can be produced in vol-
ume at lower costs than earlier DIP 
clocks, points out Calvin G. Chopp, 
marketing manager for the depart-
ment. 
"We can get to 4 megahertz using 

integrated circuits and the funda-
mental mode of the crystal," Chopp 
says. But the thick-film technique 
has also allowed the firm to add 
divider circuits to the package, ex-
tending the frequency down as low 
as 250 kilohertz. The new hybrid 
clock oscillator, called the K1 100A, 
available in any discrete frequency 
from 250 kilohertz to 20 megahertz, 
requires a supply of +5 volts and 
drives standard transistor-transistor 
logic with a fan-out of as many as 
10 gates. Frequency stability is 
within ±-0.01% over 0°C to 70°C, ac-

ceptable for most data-communi-
cations logic-timing applications. 
This tolerance includes calibration 
at 25°C, stability over operating 
temperature range, stability versus 
input-voltage change, and stability 
versus load change and aging. 
So enthusiastic is Motorola about 

the high-volume requirements for 
timing sources in the fast-growing 
data-communications market that it 
has gradually phased out or sold off 
all its other oscillator products, in-
cluding ovenized oscillators, non-
DIP clock oscillators, and its line of 
temperature-compensated crystal 
oscillators. 

In the new oscillators, all crystals 
are plated with gold to ensure long-
term stability, and Motorola has 
added rigid temperature-cycle, 
shock, vibration, and humidity tests 
to the specifications. All units are 
leak-tested. 

Price in quantities of 10,000 for 
frequencies from 4 to 20 mHz will be 
around $8.50; single-piece price for 
any frequency is $75. In volume 
production now, Motorola stocks 
units for frequencies of 4, 4.0152, 5, 
10, and 20 MHz; delivery time for 
production quantities of devices op-
erating at any other frequency is six 
to eight weeks. 
Motorola Communications division, Compo-

nent Products department, 2553 N. Edging-

ton St., Franklin Park, III. 50131 [341] 

Push-button switches built 

for snap-in installation 

Designed for use in low-power cir-
cuits, a new line of push-button 
switches from C&K Components 
Inc., Watertown, Mass., allows easy 
snap-in installation. The bezel-
mounted switches come in two ver-
sions—single-pole, double-throw 
and double-pole, double-throw— 
that snap into panels ranging from 
0.0682- to 0.125-inch thick. The 
push-button cap itself is 0.470 in. 
square, while the bezel mount is 
0.615 by 0.765 in. and extends 0.090 
in. above the panel face. 
The switches, which come in nine 

colors, have a contact rating of 1 
ampere resistive load at 128 volts ac 

and 28 V dc. Insulation resistance is 
a minimum of 1,000 megohms, and 
dielectric strength is 1,000 V rms at 
sea level. Electrical life is 60,000 
cycles minimum at full load; me-
chanical life is at least 100,000 
cycles. 
The caps and bezels are made of 

nylon; the movable contact is beryl-
lium copper with 18-karat gold-
plated contact. The other contacts 
are brass with 18-karat gold inlay, 
also plated with gold. 
The price ranges downward to 

$1.87 each in large quantities. 
C&K Components Inc., 103 Morse St., Wa-

tertown, Mass. 02172 [342] 

Surge absorber withstands 

from 500 to 20,000 amperes 

Designed to protect solid-state com-
ponents from damage, a ceramic 
surge absorber, designated ZNR for 
zinc-oxide nonlinear resistor, can 
withstand currents from 500 to 
20,000 amperes at 8 to 20 micro-
seconds in surge waveform. Aimed 
at replacing gap-type arrestors and 
silicon-carbide varistors, the surge 
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New products 
ITT STOCKING 
DISTRIBUTORS 

absorber is said to have a quick discharge response and 
no dual current. Applications include protection of tran-
sistors, SCRs, and communications equipment. 
Panasonic (Matsushita), 200 Park Ave., New York, N.Y. 10017 [343] 

Pressure transducers range 

from 0 to 2 to 5,000 psi 

A line of integrated pressure transducers is designed for 
a wide variety of applications, including automotive 
and aircraft supervisory systems. Designated the TQ 

and ITQ series, 
the devices offer 
ranges from 0-2 
to 500 psi gage, 
differential and 
absolute. Typi-
cal full-scale 
unamplified out-
put is 100 to 250 
millivolts. An 
amplified ver-
sion is offered 
with a 0- to 5-
volt output. 
Price is $44.50 

each, dropping to as low as $10 in volume. 
Kulite Semiconductor Products Inc., 1039 Hoyt Ave., Ridgefield, 

N.J. 07657 [344] 

Electrolytic capacitors come 

in lug, wire-wrap versions 

A line of general-purpose can-type aluminum electroly-
tic capacitors is available with either lug terminals, des-
ignated type L, or with wire-wrap terminals, designated 
type LW. Both come in single and multisection versions. 
The capacitors offer explosion-proof venting and a 
minus-terminal 
for insulation of 
the ground con-
nection from the 
chassis. Capaci-
tances in single-
section devices 
include 33, 47, 
100, 150, 220, 
330, 470, and 
1,000 µF. 
Double-section 
types offer val-
ues of 10/10, 
22/22, 33/33, 
47/47, 100/100, 
and 220/220 le, 
while the multi-

ALABAMA 
Birmingham 
ACK Radio Supply Co. 
Tel: 205-322.0588 
Huntsville 
Cramer/EW Huntsville, Inc 
Tel: 205-539-5722 
ARIZONA 
Phoenix 
Cramer ¡Arizona 
Tel: 602-263-1112 
Hamilton/Avnet Electronics 
Tel: 602-275-7851 

CALIFORNIA 
Chatsworth 
Westates Electronics Corp. 
Tel: 213-341-4411 
Culver City 
Avnet Electronics 
Tel: 213-836-7200 
Tel: 714-522-8220 
Hamilton Electro Sales 
Tel: 213-870-7171 
Tel: 714-522-8200 
Irvine 
Cramer/Los Angeles 
Tel: 714-979-3000 
& 213-771-8300 

Los Angeles 
Radio Products Sales, Inc. 
Tel: 213-748-1271 
Menlo Park 
Bell Electronic Corp. 
Tel: 415-323.9431 
Mountain View 
Capacitor Sales 
Tel: 415-964-8880 
Hamilton/Avnet Electronics 
Tel: 415.961-7000 
San Diego 
Cramer/San Diego 
Tel: 714-565-1881 
Hamilton/Avnet Electronics 
Tel: 714-279-2421 
Sunnyvale 
Cramer Electronics 
Tel: 408-739-3011 
Woodland Hills 
Jaco Electronics, Inc. 
Tel: 213-887-6400 
COLORADO 
Denver 
Cramer Electronics 
Tel 303-758-2100 
Harnilton/Avnet Electronics 
Tel: 303-534-1212 
CONNECTICUT 
Georgetown 
Hamilton/Avnet Electronics 
Tel: 203-762-0361 
North Haven 
Cramer Electronics 
Tel: 203.239-5641 
FLORIDA 
Hollywood 
Hamilton/Avnet Sales 
Tel: 305-925-5401 
Orlando 
Cramer/EW Orlando 
Tel: 305-894-1511 
GEORGIA 
Atlanta 
Cramer Electronics 
Tel: 404-448-9050 
Norcross 
Hamilton/Avnet Electronics 
Tel: 404-448-0800 
ILLINOIS 
Des Plaines 
Edmar Electronics Co. 
Tel: 312-298-8580 
Elmhurst 
Semiconductor Specialists 
Tel: 312-279.1000 
Mt. Prospect 
Cramer/Chicago 
Tel: 312.593-8230 
Schiller Park 
Hamilton /Avnet Electronics 
Tel: 312-678-6310 
INDIANA 
Indianapolis 
Semiconductor Specialists 
Tel: 317-243-8271 
KANSAS 
Lenexa 
Hamilton /Avnet Electronics 
Tel 913-888-8900 
MARYLAND 
Baltimore 
Arrow Electronics, Inc. 
Tel 301-247-5200 
Gaithersburg 
Cramer/EW Washington 
Tel: 301-948.0110 
Hanover 
Cramer/EW Baltimore 
Tel: 301-796-5790 
Hamilton/Avnet Electronics 
Tel: 301-796-5000 

MASSACHUSETTS 
Burlington 
Hamilton/Avnet Electronics 
Tel: 617-273.2120 
Newton 
Cramer Electronics 
Tel 617-969-7700 
Cramer/International 
Tel: 617-969-7700 
Greene-Shaw Co., Inc. 
Tel: 617-969.8900 
MICHIGAN 
Detroit 
Semiconductor Specialists 
Tel: 313-255-0300 
Livonia 
Cramer/Detroit 
Tel: 313-425-7000 
Hamilton/Avnet Electronics 
Tel: 313-522-4700 
MINNESOTA 
Edina 
Cramer/Bonn 
Tel: 612-835-7811 
Hamilton /Avnet Electronics 
Tel: 612-941-3801 
Minneapolis 
Semiconductor Specialists 
Tel: 612-854-8841 
MISSOURI 
Hazelwood 
Hamilton/Avnet Electronics 
Tel: 314-731-1144 
Kansas City 
Semiconductor Specialists 
Tel: 816-452-3900 
St. Louis 
Olive Industrial Electronics 
Tel: 314.863-7800 
NEW JERSEY 
Cedar Grove 
Hamilton/Avnet Electronics 
Tel: 201-239-0800 
Cherry Hill 
Cramer/Pennsylvania, Inc. 
Tel: 609-424-5993 
Clifton 
Wilshire Electronics/N.J. 
Tel: 201-365-1150 
Moonachie 
Cramer /New Jersey 
Tel 201-935-5600 
Mt. Laurel 
Hamilton/Avnet Electronics 
Tel: 609-234-2133 
Pennsauken 
Resco Electronics 
A Div. of Astrex, Inc. 
Tel: 609-662-4000 
NEW MEXICO 
Albuquerquh 
Cramer /New Mexico 
Tel: 505-265-5767 
Hamilton/Avnet Electronics 
Tel: 505-765-1500 
NEW YORK 
East Syracuse 
Cramer Electronics 
Tel: 315-437-6671 
Hamilton/Avnet Electronics 
Tel: 315-437-2642 
Endwell 
Cramer Electronics 
Tel: 607-754-6661 
Freeport 
Milgray Electronics 
Tel: 516-546-6000 
Hauppauge, L. I. 
Cramer/Long Island 
lei: 516-231-5600 
Jaco Electronics, Inc. 
Tel: 516-273-5500 
Rochester 
Cramer Electronics 
Tel: 716-275-0300 
Westbury Li. 
Hamilton/Avnet Electronics 
Tel: 516-333-5800 
NORTH CAROLINA 
Winston-Salem 
Cramer/EW Winston-Salem 
Tel 919-725-8711 
OHIO 
Cincinnati 
Cramer/Tri-States 
Tel: 513-771-6441 
Cleveland 
Cramer ¡Cleveland 
Tel: 216-248-8400 

Dayton 
Hamilton/Avnet Electronics 
Tel: 513-433-0610 
Dayton-Cleveland 
Hamilton/Avnett Electronics 
Tel 216-289-0550 
OREGON 
Seattle-Portland 
Hamilton/Avnett Electronics 
Tel 503.224-9450 
PENNSYLVANIA 
Philadelphia-Mt. Laurel 
Hamilton/Avnett Electronics 
Tel: 215-831-1300 
TEXAS 
Dallas 
Cramer/Texas 
Tel: 214-350-1355 
Texas Watts 800-492-6940 
Hamilton/Avnet Electronics 
Tel: 214-661-8661 
Dallas-Ft. Worth 
Hamilton/Avnett Electronics 
Tel: 817-275-6561 
Houston 
Hamilton /Avnet Electronics 
Tel: 713-526.4661 
Richardson 
Altair Co., Inc. 
Tel: 214-231-5166 
UTAH 
Salt Lake City 
Cramer/Utah 
Tel: 801-487-4131 
Hamilton/Avnet Electronics 
Tel 801-262-8451 
WASHINGTON 
Bellevue 
Hamilton/Avnet Electronics 
Tel: 206-746-8750 
Seattle 
Cramer/Seattle 
Tel: 206-762-5755 
WASHINGTON, D. C. 
Baltimore 
Hamilton/Avnett Electronics 
Tel: 301-953-7010 
WISCONSIN 
Oak Creek 
Cramer /Wisconsin 
Tel: 414-764-1700 
CANADA 
Downsview,Ontario 
Cramer/Canada, Ltd. 
Tel: 416-661-9222 
Halifax, Nova Scotia 
Consolidated Supply Co., Ltd. 
Tel: 902-454-8581 
Mississauga, Ont. 
Hamilton /Avnet Electronics 
Tel 416-677-7432 
Montreal, Quebec 
Hamilton/Avnet Electronics 
Tel: 514-735-6393 
Ottawa 
Hamilton/Avnet Electronics 
Tel: 613-725-3071 
Vancouver, B. C. 
Cam Gard Supply, Ltd. 
Tel: 604-291-1441 
Winnipeg, Manitoba 
Cam Gard Supply, Ltd. 
Tel: 204-786-8401 
ITALY 
Roma 
Cramer/Italia 
Tel: 51-393-87 
and 51-393-90 
PUERTO RICO 
De San German 
Cramer /Puerto Rico 
Tel 809-892-1130 
San Juan 
ITT Caribbean 
Sales & Service 
(P.R.) Inc. 
Tel. 809-767-5050 

809-766-2408 

T 
SEMICONDUCTORS Worldwide 
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In Rectifier reliability, 
Nobody trumps our lead 
When you need reliable rectifiers, take your lead from ITT. The 
latest technology makes our products both reliable and cost-com-
petitive. For example, consider the leads on our 1-amp glass-pas-
sivated device. They're weldable, bendable, and they pass tough 
pull tests with ease. You can specify our 1-amp rectifiers with con-
fidence for the cut-and-bend operations of automated insertion 
equipment. Our technology results in high reliability for 400 mA 
and 1A glass as well as 1A and 3A plastic. For a good deal, go 
with the reliable people who hold all the cards—including zeners, 
diode arrays, silicon transistors and silicon, germanium and tuner 
diodes. Write today for our handy cross-reference guide. 

ITT...Logically 

GLASS ZENERS 

RECTIFIERS 
(11,  

4 1 AMP GLASS 
3 AMP PLASTIC 

1 AMP PLASTIC 

4. 400 mA GLASS 

4 400 mW DO-35 
500 mW DO-35 

JAN Series 

4. 1 WATT DO-41 
TECHNOLOGY 

Arammormarramir 

OTHER PRODUCTS 

4 DIODE ARRAYS 
TRANSISTORS 

VARACTORS 

if. DIODES SILICON 
& GERMANIUM 

4 PLANAR-GLASS PASSIVATION 
GROWN JUNCTION 

ION IMPLANTATION 

if. DIFFUSED-NITRIDE PASSIVATION 
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Bonds are 
for making 
retirement 

easier. 

U.S. Savings Bonds can help you 
keep a firm grip on your future. 
Join the Payroll 
Savings Plan 
where you work, 
right now. 
Get a start on 
your nest egg 
and make sure 
there'll be some 
glitter in your 
golden years. 

Take 
. stock 
inAmerica. 

• 

Buy U. S. Savings Bonds 
Now E Bonds pay 535% interest when held 
to maturity of 5 years, 10 months (4% the 
first year). 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 until redemption. 

Ak, T0tO S Gevernment d.c.• not pay for In. advertisement 

New products 

section types offer 10/10/10, 
22/22/22, 33/33/33 and 47/47/47 
ELF, plus combinations of these val-
ues. 
International Importers Inc., 2242 South 

Western Ave., Chicago, III. 60608 [345] 

Digital output transducer 

can feed 5 HTL inputs 

The model 4-0021 digital-output 
transducer is an active magnetic-
type device that provides high-

1114111181111112111r11112p4111111111111111111117611111)1 H 

.112") 24 32 40 48 2:6 4 o 1 186 :2124%2 2:0 4s 2 

 _   

threshold logic-output signals ca-
pable of feeding up to five HTL in-
puts. The model 4-0021 is designed 
specifically for computer-peripheral 
equipment and speed-sensing appli-
cations, where a precise signal-to-
noise ratio is required. Price is $39. 
Controls Division, Airpax Electronics, 6801 
W. Sunrise Blvd., Fort Lauderdale, Fla. 

33313 [346] 

Heat sink provides 

'universal' hole-pattern 

The series-6500 heat sink is avail-
able with a "universal" hole-pattern 
that will accomodate seven of the 
most widely used packages for semi-
conductor devices: TO-3, TO-66 
(both with or without sockets), TO-
36, 10/32-inch and Vs-inch stud 
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Free 
elt(rcu't 

co cu odor. 
One of those "why didn't they do it before" ideas — now available from Schjeldahl, the 

state of the art people in volume flexible circuits. You'll use it often. 
From known parameters of conductor width and copper thickness of one or two 

ounces per square foot you can quickly calculate: 

1. Conductor aspect ratio with noted limit of manufacturability. 
2. Conductor resistance in ohms. 
3. Conductor cross section in square mils. 
4. Equivalent AWG wire size. 
5. Current capacity in amperes. 
6. Temperature rise versus current. 

A simple slide rule is built into the calculator plus inch/centimeter conversion scales 
and resistivity conversion chart from copper to other conductive materials. Calculator 
measures 83/8" long by 31/8" wide. 

Supplies are limited so request your Schjeldahl Company 
free calculator on your company letterhead 
from: Electrical Products Division, 
G. T. Schjeldahl Company, Highway 3 North. 
Northfield, Minnesota 55057. 

Schjeldah I 

Electrical Products Division 
Northfield, Minnesota 55057 
Phone: (507) 645-5633 

The state of the art people in volume flexible circuits 

111111.41.. 1......t  

41. 
2.o• 3040 50 

CUP 

ellaT 0080.100 *Otto 
PT UPCPPYI. 

• Me OPP. «MOM& 
MY Pt PAPAPP 

• MY CPAUPPIO 
PAPPACITI ATTflIIS 
PON YOH a 
am 

G Y SCHIEL0451. COMPANY • NORYNFIELD MINNESOTA 55037 • PH 507.645-5633 

e e 2 3 4 7 

For the name of your nearest GTS representative call toll free 
800-645-9200. In New York State call collect 516-294-0990. 
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New products 

BIGGEST SINGLE CRYSTAL SPINEL 
FERRITE IN THE WORLD 

The world's biggest spinel ferrite single crystal has been developed by the Bridgeman 
method and placed on the market. The dimensions of the ingot are 2.5 inches in diameter 
and 20 inches in length and it weighs 18 pounds. 
Segregation of composition has been minimized by a special method of production and 
a perfect manganese zinc ferrite single crystal having a homogeneous sturcture can be 
produced. 
A great deal of world-wide attention has been given to a magnetic head material which 
features high permeability, superior frequency response, and no grain boundary and 

pores. 

"GEMS" HEAD 
HUGE FERRITE SINGLE CRYSTAL 

High resolution video tape recording, high fidelity audio recording and precise digital 
heads with easy machinability and high yield have been introduced. 
Since single crystal is a mono-crystal, it has no grain boundary, no pores and no inclu-
sion, thus it has wonderful performance, such as superior wear resistance and wide 
frequency range. 
Moreover good machinability brings out a clear air gap of under 1pm. 

These heads have a life of more than 100 times that of conventional permalloy heads and 
10 times that of polycrystalline ferrite heads. Typical VTR and stereo heads are shown below. 

VIDEO TAPE RECORDER HEAD 
High sensitivity, low noise and long life, video recording-playback head. 

Output Rubbing noise 

450/4 v (p-p) 12p v (p-p) 

MEASURED FREQUENCY at 4 5MHz 

AUDIO CASSETTE STEREO HEAD 
High fidelity. low noise, two-channel, four-track stereo head. 

çteet.'": 
ntrrï t 
— 

4111. 

Items Specifications Test Conditions 

Playback 

Sensitivity 
Channel output differential 

—73dBv ±3dB (333Hz) 
3dB Max 

Reference Level 250nwb/m 

Frequency characteristics 

Channel output differential 

+11dB ±3dB (10kHz/333Hz) 
3dB Max 

Recording/ 

Playback 

Sensitivity 

Channel output differential 

—72dBy ±3dB (1kHz) 

3dB Max 
. Bias Current 0 1m4 

Bias Frequency 1C0kHz 
Recording Current 0 04mA Frequency characteristics 

Channel output differential 
—5c1B ±5dB (10k1-1//1kHz) 

3dB Ma, 

FUJI ELECTROCHEMICAL CO., LTD. 
Head Office: Hamagomu Bldg., 5-36-11, Shinbashi, Minato-ku, Tokyo, Japan TEL: 434-1271 
Overseas Office: New York, TEL: (212) 532-5630 / Los Angeles, TEL: (213) 620-1640 
Dusseldorf, TEL: (211) 89031 

mounts, and two plastic packages. 
The mounting flanges provide six 
instead of two mounting notches. 
Thermalloy Inc., 2021 W. Valley View Lane, 

Dallas, Texas 75234 [348] 

Reed relays stand off 

250 V at 10 10 ohms 

Compatible with dual in-line pack-
ages, the series 270 reed relays have 
coils that can be gated by Tri, or 
DTL levels with 9 milliamperes at 
4.5 volts. Contacts are rated at 10 
VA. Pin 14 can be bused as the sup-
ply voltage, and pin 7 as ground, or 
alternate pin patterns can be speci-
fied. The relays, which stand off 250 
volts at 101° ohms, carry 1 A or 
switch 120 v ac, plug into DIP 

sockets or wire-wrap boards, and 
mount on pc boards. 
Cosar Corp., 3121 Benton St., Garland, 

Texas 75042 [347] 

Tiny dc-block connectors 

eliminate separate units 

A miniature dc-block connector 
eliminates the need for a separate 
dc-block component when joining 
transmission lines or modules. The 
devices are designed for a wide vari-
ety of applications, including diode 
switches, attenuators, modulators 
and phase shifters. A disk capacitor 

/ 9 1 
44 le's% 

is incorporated into a coaxial con-
nector so that a single unit can be 
used to block the flow of dc or video 
current while permitting rf and 
higher frequencies to pass with neg-
ligible attenuation or reflection. 
Price ranges from $3.50 to $7 in 
1,000-lots. 
Omni Spectra Inc., 24600 Hallwood Court, 

Farmington, Mich. 48024 [349] 
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Pay a little more for our products. 
Get more for yours. 

In wound film and solid tantalum capaci-
tors, TRW offers you a capability second to 
none. For one simple reason. 

We figure you can't make quality capaci-
tors and me-too capacitors under the same 
roof. Because sooner or later, one oper-
ation will foul the other one up. So we take 
the quality route. Count on it. 

Count, too, on some shirt-sleeve-minded 
guys who can understand what you're talk-
ing about when you have a capacitance 
problem. R&D, design, QC, application en-
gineering, packaging .. . they've been 
there. No blue sky. 

All this will cost you a little more per capac-
itor. In return, it can help your , product 
earn a reputation for "no headaches, no 
surprises." What better edge in today's 
marketplace? 

TRW Capacitors, an Electronic Compo-
nents Division of TRW, Inc., Box 1000, 
Ogallala, Nebraska 69153. 

TRWCAPACITORS 
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Electrical Instruments) 

General Radio Co., 3e State S•,.. Cam-
bridge, Mass. 

Hallicrafters Co., 2611 Indiana Ave., Chi-
cago, Ill. 

Millen Mfg. Co., James, 150 Exchange 
St., Malden. Mass. (See page 165.) 

Rosen & Co., Raymond, 32nd & Walnut 
Sts., Philadelphia, l'a. 

INDUCTANCE STANDARDS 

Cambridge Instrument Co., Grand Cen-
tral Terminal, New York, N. Y. 

General Radio Co., 30 State St., Cam-
bridge, Mass. 

Leeds & Northrup Co., 4970 Stenton Ave., 
Philadelphia, Pa. 

New York Transformer Co., 51 W. Third 
St., New York, N. Y. 

Rubicon Co., 3751 Ridge Ave., Philadel-
phia, Pa. 

RESISTANCE STANDARDS 

Beck Bros., 421 Sedgley Ave., Philadel-
phia, Pa. 

Cambridge Instrument Co., Grand Central 
Terminal, New York, N. Y. 

Cutler-Hammer, Inc., 1401 W. St. Paul 
Ave., Milwaukee, Wis. 

General Electric Co., Schenectady, N. Y. 
General Radio Co., 30 State St., Cam-

bridge, Mass. 
Instrument Resistors, Inc., 25 Amity St., 

Little Falls, N. J. 
International Resistance t'o., .101 N. 

Broad St.. Philadelphia, Pa. 
Leeds & Northrup Co., 4970 Stanton Ave., 

Philadelphia. Pa. 
Rubicon Co., 3751 Ridge Ave., Philadel-

phia, Pa. 
Sensitive Research Instrument Corp., 4545 

Bronx Blvd., New York, N. Y. 
Shalicross Mfg. Co., 10 Jackson Ave., 

Collingdale, Pa.' (See page 6.) 
Ward Leonard Electric Co., 31 South St., 

Mount Vernon, N. Y. 

Testers  

BATTERY TESTERS 

Burton-Rogers Co., 857 Boylston St., 
Boston, Mass. (Sole Distributors for 
Hoyt Electrical Instrument Works, 
Boston, Mass.) 

Clough-Brengle Co., 5301 Broadway, Chi-
cago, Ill. 

Hickok Electrical Instrument Co., 10514 
Dupont Ave., Cleveland, Ohio 

Hoyt Electrical Instrument Works—see 
Burton-Rogers Co. 

Philco Radio & Television Corp., Tioga & 
C Sts., Philadelphia, Pa. 

Rascher & Betzold, 835 Orleans St., Chi-
cago, Ill. 

Rieker Instrument Co., 1919 Fairmount 
Ave., Philadelphia, Pa. 

Ruth Class Div., Kimble Glass Co., Con-
shohocken, Pa. 

Testrite Instrument Co., 57 E. 11th St., 
New York, N. Y. 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark, N. J. 

CAPACITOR TESTERS 

Aerovox Corp., 740 Belleville Ave., New 
Bedford, Mass. 

1942-1943 BUYER'S GUIDE for the 
Clough-Brengle Co., 5501 Broadway, Chi-

cago, Ill. 
Cornell-Dubilier Electric Corp., 1000 

Hamilton Blvd., South Plainfield, 
N. J. 

Deutschmann Corp., Tobe, Canton, Mass. 
Industrial Instruments, „Inc., 156 Culver 

Ave., Jersey City, N! J. 
Philco Radio & Television Corp., Tioga & 

C Sts., Philadelphia, Pa. 
Potter Co., 1950 Sheridan Rd., North Chi-

cago, Ill. 
RCA Mfg. Co., Camden, N. J. 
Solar Mfg. Corp., Bayonne, N. J. 
Triplett Electrical Instrument Co., 286 

Harmon Rd., Bluffton, Ohio 
Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave., Newark, N. J. 

HIGH VOLTAGE TESTERS 
American Transformer Co., 178 Emmet 

St., Newark, N. J. 
Associated Research, Inc., 431 S. Dear-

born St., Chicago, Ill. 
General Electric Co., Schenectady, N. Y. 
Ideal Commutator Dresser Co., 1631 Park 

Ave., Sycamore, Ill. 
Miller Co., Bertrand F., Trenton, N. .J. 
Minerallac Electric Co., 25 N. Peoria St., 

Chicago, III. 
Raytheon Mfg. Co., Waltham, Mass. 
itoller-Smith Co., Bethlehem, Pa. 
Slayter Electronic Div., Owens-Corning 

Fiberglas Corp., 26 W. Market St., 
Newark, Ohio. 

States Co., 19 New Park Ave., Hartford, 
Conn. 

Weston Electrical Instrument Corp., 614 
Frelinghuysen Ave., Newark, N. J. 

TUBE TESTERS 
Clough-Brengle Co., 5501 Broadway, Chi-

cago, Ill. 
Dayco Radio Corp., 915 Valley St., Day-

ton, Ohio 
Geneina.1 Electric, Co., Appliance and 

Merchandise Dept., Bridgeport, Conn. 
Hickok Electrical Instrument Co., 10514 

Dupont Ave., Cleveland, Ohio 
Jackson Electrical Instrument Co., 131 

Wayne Ave., Dayton, Ohio. (See 
page 161.) 

Philco Radio & Television Corp., Tioga 
& C Sts., Philadelphia, Pa. 

Philharmonic Radio Corp., 216 William 
St., New York, N. Y. 

Precision Apparatus Co., 647 Kent Ave., 
Brooklyn, N. Y. 

Radio City Products Co., 127 W. 26th St., 
New York, N. Y. 

RCA Mfg. Co., Camden, N. J. 
Readrite Meter Works, College Ave., 

Bluffton, Ohio 
Simpson Electric Co., 5218 W. Kinsie St., 

Chicago, Ill. (See page 44.) 
Standard Technical Devices, Inc., 3008 

Ave. M., Brooklyn, N. Y. 
Superior Instruments Co., 227 Fulton St., 

New York, N. Y. 
Supreme Instruments Corp., Greenwood, 

Miss. 
Triplett Electrical Instrument Co., 286 

Harmon Rd., Bluffton, Ohio 
Triumph Mfg. Co., 4017 W. Lake St., 

Chicago, Ill. 
Webber Co., Earl, 4358 W. Roosevelt Rd., 

Chicago, Ill. 
Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave., Newark, N. J. 

INSULATION TESTERS 
Acme Electric & Mfg. Co., 31 Water St., 

Cuba. N. Y. 

American Transformer Co., 178 Emmet 
St., Newark, N. J. 

Associated Research, Inc., 431 S. Dear-
born St., Chicago, Ill. 

Biddle Co., James G., 1213 Arch St., 
Philadelphia, Pa. 

Clough-Brengle Co., 5501 Broadway, Chi-
cago, 111. 

Electric Service Supplies Co., 17th & Cam-
bria Sts., Philadelphia, Pa. 

General Electric Co., Schenectady, N. Y. 
General Radio Co., 30 State St., Cam-

bridge, Mass. 
illekok Electrical Instrument Co., 10514 

Dupont Ave., Cleveland, Ohio 
Ideal Commutator Dresser Co., 1631 Park 

Ave., Sycamore, Ill. 
Industrial Instruments, Inc., 156 Culver 

Ave., Jersey City, N. J. 
Industrial Transformer Corp., 2640 Bel-

mont Ave., New York, N. Y. 
B L Instrument Co., Darby, Pa. 

Leeds & Northrup Co., 4970 Stenton Ave., 
Philadelphia, Pa. 

Miller Co., Bertrand F., Trenton, N. J. 
Radio Design Co.. 1353 Sterling Pl., 

Brooklyn, N. Y. 
Rawson Electrical Instrument Co., 102 

Potter St., Cambridge, Mass. 
Rubicon Co., 3751 Ridge Ave., Philadel-

phia, Pa. 
Standard Transformer Co., 140 Dana St, 

N.E., Warren, Ohio 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 
\Veston Electrical Instrument Corp., 814 

Frelinghuysen Ave., Newark, N. J. 

Thermocouples  

VACUUM THERMOCOUPLES 

American Electrical Sales Co., 67 E. 
Eighth St., New York, N. Y. 

Bristol Co., Waterbury, Conn. 
Cambridge Instrument Co., Grand Central 

Terminal, New York, N. Y. 
Field Electric Instrument Co., 2258 Mor-

ris Ave., New York, N. Y. 
General Electric Co., Schenectady, N. Y. 
General Radio Co., 30 State St., Cam-

bridge, Mass. 
Graybar Electric Co., Lexington Ave. at 

43d St., New York, N. Y. (Sole Dis-
tributors for Western Electric Co., 
New York, N. Y.) 

Hickok Electrical Instrument Co., 10514 
Dupont Ave., Cleveland, Ohio 

Rawson Electrical Instrument Co., 102 
Potter St., Cambridge, Mass. 

Sensitive Research Instrument Corp., 4645 
Bronx Blvd., New York, N. Y. 

Western Electric Co.—see Graybar Elec-
tric Co. 

Xervac Instrument Co., 9 New Park Ave.. 
Hartford, Conn. 

Voltmeters  

see Meter-

Wattmeters  

ELECTRONIC EQUIPMENT 

Aide -

HEARING AIDS 

Aurex Corp., 1116 N. Franklin St.. Chi-
cago, Ill. 

Brush Development Co., 3311 Perkins 
Ave., Cleveland, Ohio 

De Vry Corp., 1111 Armitage Ave., Chi-
cago, Ill. 

Graybar Electric Co., Lexington Ave. at 
43d St., New York, N. Y. (Sole Dis-
tributors for Western Electric Co., 
New York, N. Y.) 

D-28 

Laurehk Radio Mfg. Co., 3918 Munroe 
Ave., Wayne. Mich. 

Mateo Co., 2632 Nicollet Ave., Minne-
apolis, Minn. 

Meek Industries, John, 1313 W. Randolph 
St, Chicago, III. 

RCA Mfg. Co., Camden, N. J. 
Sonotone Corp., Elmsford, N. Y. 
Telex Products Co., 1645 Hennepin Ave., 

Minneapolis, Minn. 
Trinan Radio Mfg. Co., 1-770 W. Berteau 

Ave., Chicago, Ill. 
Western Electric Co.—see Graybar Elec-

tric Co. 
Zenith Radio Corp., 6011 Dickens Ave., 

Chicago, Ill. 

Alarms  

BOILER GAUGE LEVEL ALARMS 

Photoswitch, Inc., 21 Chestnut St., Cam-
bridge, Mass. 

United Cinephone Corp., Torrington, Conn. 
Wheelco Instruments Co., Harrison & 

Peoria Ste., Chicago, Ill. 

BURGLAR ALARMS 

American District Telegraph Co., 165 6th 
Ave.. New York, N. Y. 
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SOLVE YOUR CIRCUIT DESIGN PROBLEMS WITH 

VERSATILE AlSiFilag CERAMICS 
AND 

TO GET RID OF HEA 

bstrates of AlSiMag* 794 ce 
mic conduct heat about like th 
etal aluminum. This remarkabt 

hernial conductivity plus its e 
lient electrical insulation cha 

cteristics and ability to acce 
, etallization have solved ma 
problems of how to dissipate he 
from electronic circuits. Bulleti 
t2 4 on request. 

Phone 615/265-3411. 
Telex 558432. 

Circle 210 on reader service card 

R THICK AND THIN 

FILM CIRCUITS 

xtra strong ceramic su 
r thick and thin film processes 

pecial purpose substrates to g 
id of heat, to save space, t 
atch thermal expansion of glass 
r light sensitive devices or fo 

a contrasting background. Sub 
strates with high dielectric con 
tants. Bulletin 712 on request 

Phone 803/682-3215. 
Telex 570449. 

TO MATCH THERMAL 

EXPANSION OF GLASS 

Where a hermetic seal to glass is 
needed, AlSiMae 842 ceramic 
can solve your problem. Its ther-
mal expansion closely matches 
that of the most frequently used 
glass and forms a reliable her-
metic seal. Substrates can be 
made to the dimensional accuracy 
you require and with holes, slots, 
or depressions as needed. 

Phone 615/265-3411. 
Telex 558432. 

Circle 211 on reader service card 

FOR CIRCUIT DENSITY 

These small hermetic chip carriers 
allow far greater circuit density. 
Electrical testing after hermetic 
sealing allows storage of good 
devices in a less expensive pack-
age before committing to the cir-
cuit. The design permits conven-
tional die attach, wire bonding 
and lid sealing operations . . . 
and re-flow solder attachment to 
a multilayer ceramic substrate, 
hybrid substrate or phenolic cir-
cuit board. Phone 615/265-3411. 
Ina Telex 558432. 

FOR MAXIMUM RELIABILITY 

Hybrid packages of all ceramic 
construction plus brazed-on leads 
for maximum reliability. Co-fired 
monolithic ceramic structure elimi-
nates hermeticity problems, great-
ly increases thermal conductivity 
and structural strength. Ceramic 
construction permits mounting the 
package over conductors on cir-
cuit board. Custom made or write 
for current list of standard pack-
ages. Phone 615/265-3411. 

Telex 558432. 
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TO REDUCE 

PROCESSING COSTS 

From tooling for economy or from 
laser for accuracy, Snap-Strates 
are a proven cost reducer. Have 
you considered how much Snap-
Strates and multiple processing 
can save you? Bulletin 712 on 
request. Phone 803/682-3215. 

Telex 570449. 

Circle 213 on reader service card Circle -; or j u u r service card Circle 215 on reader service card 
You save time and money with single-source responsibility for substrates, pattern generation, metallization and plating. 

immummuur 
American Lava Corporation 3 A SUBSIDIARY OF COMPANY 

Chattanooga, Tennessee 37405 Laurens, South Carolina 29360 

INTERNATIONAL: American Lava Corp., Chattanooga, Tenn. 37405, U.S.A., 615/265-3411, TELEX 558432 



New products 

Instruments 

Pulser offers 
0.01-Hz rate 

Broad-applications generator 

can produce repetition 

rates as high as 10 MHz 

Many new pulse generators are 
being designed for higher and 
higher repetition rates, as might be 
expected with the growth in use of 
high-speed logic. However, one new 
instrument is bucking that trend. It 
is the model P12, to be introduced 
by Interstate Electronics Corp. at 
IEEE Intercon 74. 
Although producing repetition 

rates as high as 10 megahertz, the 
P12 has a lower limit of 0.01 hertz. 
Most generators in the range bot-
tom out two decades higher at 1 Hz. 
The low frequency is especially 
suited for such biomedical appli-
cations as simulating heart beats, 
and other biological functions. It 
can also be used in geophysical and 
general-purpose applications. 
The P12 has two separate outputs, 

one positive-going and one nega-
tive-going, each with separately ad-
justable amplitude. The amplitude 
is continuously adjustable from 1 to 
10 volts into a 50-ohm load. 
The repetition rate is set in nine 

ranges from 0.01 Hz to 10 MHz, and 
a continuous vernier covers a 10-to-
1 range. Pulse width is set from 50 
nanoseconds to 1 second in eight 
ranges, again with continuous ver-
nier. Delay specifications are identi-
cal to those of the pulse width-50 
ns to 1 s. Rise and fall times are 
shorter than 5 ns, and overshoot, 
preshoot, and ringing are less than 
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5% of the pulse amplitude. 
Several modes are provided: nor-

mal, with the internal clock provid-
ing triggering; double pulse to 5 
MHz, giving a maximum 10-MHz ef-
fective output range: square-wave, 
with a maximum of 5 MHz, and ex-
ternal triggering to 10 mHz from a 
+ 2-to- + 5-v, positive- or negative-
going signal. A single pulse can also 
be generated, by a push button on 
the front panel. The signal can also 
be synchronized externally. A nor-
mal/complement push button re-
verses the output simultaneously 
from the normal output to its com-
plement. Auxiliary outputs are pro-
vided for sync-output signals (0 to 
+2 y into 50 ohms, 15-ns width), 
and clock output, which is similar in 
characteristics. 
The P12 operates on 100, 115, 

200, or 230 v, and it draws 30 VA at 
50 to 400 Hz ac. The generator is 
222 millimeters wide, 270 mm deep, 
and 85 mm high. It weighs 4 kilo-
grams. A rack-mountable version is 
also available. The unit is priced at 
$470. 
Interstate Electronics Corp., P.O. Box 3117, 

Anaheim, Calif. 92803 [351] 

Digital-readout thermometer 

weighs only 8 ounces 

For about 10 years, Britain's Kane-
May Ltd. has made electronic ther-
mometers with meter readout, but it 
is taking advantage of IEEE time to 
show off its first digital-readout in-
strument. The thermometer, which 
will be exhibited next week at Inter-
con 74, reads out from -55° to 
+ 999°C without range switching, 
using light-emitting diodes to dis-
play the temperatures. 
The big reason for moving to dig-

its is that a meter-type scale cov-
ering an equivalent range would 
have to be very large to be readable 
to equal resolution-1°—or else to 
have a lot of switched ranges in it. 
Digital readout also gets the bulk of 
the unit down to pocket size-4.5 by 
2.5 by 1.5 inches. Weight of the unit 
is 8 ounces—including dry batteries 
that power it. 

Inside are a thermocouple sensor, 

an analog-to-digital converter, mos 
logic, and a small number of dis-
crete items. There are three stan-
dard probes: chisel-end, fiat-end, 
and a tube for holding liquids. The 
most likely use in electronics tech-
nology is in laboratories to check 
temperatures of heat sinks, transis-
tor cans, and things like that. How-
ever, Ernest May, Kane-May man-
aging director, expects to sell it for 
laboratory and production use 
throughout industry. 

It's likely to cost between $200 
and $250. Currently some pre-pro-
duction instruments have been 
made but volume production has 
not yet begun. 
Kane-May Ltd., Welwyn Garden City, Eng-

land [352] 

Variable persistence 

added to oscilloscope line 

A 60-megahertz oscilloscope, the 
model 5403/D41, allows the user to 
change the length of time a trace 
persists on the CRT from five min-
utes to an hour. The new addition to 
the 5000 line of scopes can easily 
measure low repetition rates, and, 
for applications requiring maximum 



Plenco versatility. 
Whatever the 

molding method. 

Leg-handles. 
Plenco 485. 

Nuts, bobbins, 
threaded caps. 
Plenco 548, 369, 308. 

Iron handles. 
Plenco 480. 

Compression, transfer or 
screw injection, there's 
many a Plenco thermoset 
compound that lends itself 
to all. 
You would do well to make the 
versatility of such Plenco com-
pounds a factor in your plans. 
Compounds long established in 
compression and transfer mold-
ing, also available in flow grades 
for the screw injection process. 

A wide range is offered of these 
and other Plenco general and 
special-purpose, ready-made and 
custom-formulated phenolic, 
melamine and alkyd thermosets. 
They are specified in virtually 
every industry, and from this 
selection you can choose ma-
terials that meet a world of 
demanding requirements: Heat, 
impact, and corrosion resistance. 
Flame retardancy. Electrical 
resistance. Wet/dry conditions. 
Close tolerances and dimensional 
stability. Whatever the results 
desired, chances are Plenco can 
provide important help. Plenco 
research. Plenco compounds. 
Plenco service. 

FeL_ENICC0 
THERMOSET PLASTICS 

PLASTICS ENGINEERING COMPANY 
Sheboygan, Wis. 53081 

Cookware handles. 
Plenco 349. 

Terminal boards. 
Plenco 512. 

Pump diffusers. 
Plenco 527. 

Circuit breakers. 
Plenco 509. 

Brush holders. 
Plenco 466. 

New products 

writing speed, the unit has an inte-
grating or halftone mode of oper-
ation. In this mode, it is possible to 
achieve writing speeds ranging from 
0.1 division per microsecond with 
viewing time of 5 minutes, to five di-
visions/its with viewing time of 15 
seconds. Erase time is 0.5 second. 
The unit is priced at $1,925 without 
CRT and $2,275 with CRT. 
Tektronix Inc, Box 500, Beaverton, Ore 

97005 [353] 

Miniature power meter 

covers 10 MHz to 13.7 GHz 

The model 8400 miniature power 
meter is designed for laboratory or 
field use to make rf measurements 
from 10 megahertz to 13.7 gi-
gahertz. The unit is available with 
any of three interchangeable 5-ohm 
mounts, each having a 20-decibel 
dynamic range, covering a full-scale 

power range from 100 microwatts to 
100 milliwatts. A 75-ohm mount is 
also available for CATV applications. 
Full-scale accuracy is within ±-3%. 
Price of the meter is $350; the 
mounts are $150 each. 
Narda Microwave Corp., Plainview, N.Y. 

11803 [354] 

Autoranging multimeter offers 

1-microvolt sensitivity 

Featuring an autoranging capabil-
ity, the model DMM-51 multimeter 
provides 24 ranges with a sensitivity 
of 1 microvolt and accuracy within 
0.004%. Measurement capabilities 
include five dc ranges from 0.1 y to 
1,000 y, and five dc-ratio ranges 
from 0.100000:10 to 1,000.00:10 full 
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Problem solving... 
with Victoreen 

High Voltage Technology 
1 UNORTHODOX CRT DRIVE 

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

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

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

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

2 FROG MUSCLES TO BRAIN WAVES 
Colleges and universities, medical research 
laboratories and a number of R&D firms are 
faced daily with the need for-controlled high-
amplification of a wide variety of extremely 
low level signals. Such signals are derived from 
frog-muscle experiments, brain-wave measure-
ments, cardiac research, avalanche-breakdown, 
currents in ionization chambers as well as 
from a range of constant-current sources. 

The operational amplifier provides the am-
plification required because of theoretical in-
finite-gain characteristics. However, at full 
gain an op-amp tends to be unstable and go 
into oscillation; further, amplified signals are 
difficult to fully analyze if the gain is unknown. 

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

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

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

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

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

Each MOX-5 resistor used in the probe has 
a maximum operating voltage of 37,500 volts 
with a power rating of 121/2 watts. The voltage 
coefficient is 1 ppm/volt over the complete 
voltage range of the MOX-5, while the temper-
ature coefficient is better than 300 ppm from 

—55° to 125°C. 
MAXI-MOX resistors have full-load drift less 

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

4 SPARK GAPS SPARK INTEREST 

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

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

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

Victoreen Instrument Division 
of VLN Corp. 

10101 Woodland Avenue 
Cleveland, Ohio 44104 

VICTOREEN 
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IN ANY CASE ... 
MAXWELL'S HIGH VOLTAGE 
PULSE DISCHARGE CAPACITORS 
ARE DESIGNED FOR: 
Laser Systems • Plasma Propulsion • Utility Power 
Metalforming • Photoflash • Photocopy • Airport Lighting 
Defibrillators • Oceanographic Studies 

Maxwell's reliable, low-cost capacitors are meeting critical de-
mands for a wide range of military and industrial applications. 
Years of design experience and laboratory research have resulted 
in totally new product lines such as the Series S ... a lightweight, 
compact, plastic case capacitor manufactured exclusively by 
Maxwell. Half the size of conventional metal case capacitors, the 
Series S is ideal for compact systems. 

Call the specialists for your high-voltage capacitor needs. 

SERIES S 

SERIES M 

SERIES C 

• lightweight plastic case • high voltage gradient 
• high reliability 
• high energy density • high repetition rate 
• wide range of voltage and capacitance ratings 
• high voltage reversal • low inductance • high peak 

current • high energy content • wide range of 
bushing designs. 

CAPACITOR RATINGS* 
SERIES S SERIES PA SERIES C 

, 

VOLTAGE kV up to 100 kV up to 12 kV up to 125 kV 

ENERGY 
CONTENT 

up to 1 kJ up to 1 kJ up to 12 kJ 

'Special capacitor configurations to 1 MV 

WRITE FOR COMPLETE CAPACITOR DATA FILE AND 
INFORMATION ON ALL MAXWELL'S HIGH ENERGY 

PRODUCTS AND PULSE POWER SYSTEMS. 

MAXWELL LABORATORIES, INC. 
9244 Balboa Avenue, San Diego, Calif. 92123 

Telephone 714/279-5100 TWX 910-335-2063 

New products 

scale. In addition, optional measure-
ments, at extra cost, include four ac 
ranges from I y to 1,000 Y, four 
ac/dc ratio ranges from 1.00000:10 
to 1,000.00:10 full scale, and six 
resistance ranges from 0.100000 
kilohm to 10,000 kilohms. Price is 
$795. 
California Instrument Co., 5150 Convoy St., 

San Diego, Calif. 92111 [355] 

Voltage-variable delay lines 

are electrically adjustable 

Wideband, ultralinear delay lines 
provide adjustable time delay over 
±-20% or more of the nominal value 
by variation of a bias voltage, which 
is applied to va!-actor diodes that 
supplement fixed capacitors in the 
network. Typical applications in-
clude automatic timing correction in 
video broadcast tape recorders, de-
lay-tracking in navigational radar, 
and pulse-width modulation in 
phase-locked loops for instrumenta-
tion. 
Kappa Networks Inc., 165 Roosevelt Ave., 

Carteret, N.J. 07008 [357] 

Transient-capture recorder 

is oscillograph add-on 

A transient-capture recorder for use 
with recording oscillographs is a 
continually operating device that 
provides readout of the captured 
event and the information leading 
up to that event. This is accom-

rei 

. • ' 
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The 
endless tucri 
With CAMBION you can expect an endless variety of plugs 
and jacks all with the Double "CIO" guarantee for patching, 
plugging or temporary connections. What you may not expect 
is that tens of millions of the famous CAMBION cage jacks 
have been used for permanent component mounts. With 
today's increasingly crowded circuitry and the new need for 
fast, safe servicing, the pluggable standard receptacle 
mount was an obvious answer. Our endless assortment 
makes it possible for almost any pc-mountable component 
such as fuse, relay, crystal, transistor and IC to mate with cage 
jacks. At CAMBION the quality goes on as the quantity goes 
up. The endless CM ... that's what we're all about. Build it bet-
ter with the CAMBION Double "00" connector of your choice. 

For a free catalog write: Cambridge Thermionic Corporation, 
445 Concord Avenue, Cambridge, Mass. 02138. Phone: (617) 
491-5400. In Los Angeles, 8703 La Tijera Blvd. 90045. Phone: 
(213) 776-0472. 

\% 
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The Guaranteed Electronic Components 
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'PRECISION MADEN 

pll 8 
MANUFACTURERS OF JACKS, 

PINS AND TERMINALS. 

HUNDREDS OF 
CONFIGURATIONS IN STOCK 

il:ONCORD 
ELECTRONICS 
CORPORATION 

37 GREAT JONES STREET 
NEW YORK N Y 10012 Ilk1212) 777-6571 TWX 710.581-4930 

New products 

plished by using a trigger level to 
stop the recording process, which 
freezes data in the machine's 
memory. The total record time in 
the memory is then divided between 
the pre-transient time and the post-
transient time. The unit also records 
signals in digital form and samples 
the input analog signal voltage, stor-
ing the information and converting 
the digital signal back to an analog 
voltage for readout. 
Hathaway Industries Inc., Tulsa, Okla. [356] 

Function generator offers 

waveforms at 0.1 Hz to 1 MHz 

A function generator, the model 
190, offers a full range of waveforms 
from 0.1 hertz to 1 megahertz. The 
instrument produces sine, square, 

triangle, pulse, and ramp wave-
forms. Provision for voltage-con-
trolled frequency, input, dc-offset, 
and TTL-pulse output are also 
offered. The portable instrument 
measures 73/4 by 27/8 by 81/2 inches 
and weighs about two pounds. Price 
is $245. 
Exact Electronics Inc., Box 160, Hillsboro, 

Ore. 97123 [358] 

Microprobe thermometer 

is accurate to 1 °C 

Temperatures of beam-lead devices, 
flip chips, and miniature compo-
nents can be measured with the 
model BAT-7R contact thermome-
ter. The unit, which gives almost in-
stant readings, can use thermo-
couples as small as 0.005 inch. The 
instrument has a MOSFET chopper 
stabilizer and a built-in temperature 
reference. Four ranges on the meter 
cover from 0°C to 400°C, and ac-

AMERIC1117ADCED 

Tolerance 

SCHAUER 
1-Watt 

ZENERS  
Immediate Shipment 

Low Prices 
ANY voltage from 2.0 to 16.0 

Quantity 
1-99 
100-499 
500-999 
1000-4999 
5000 up 

etee%> %  

Gold 

plated 
leads 

Price each 
$1.07 

.97 
91 
.86 
.82 

All welded and 
brazed assembly 

Write for complete 
rating data and other 
tolerance prices. 

No fragile 
nail heads 

Buy the kit-
Save 

lean- a lot 

...,... ... ,174,...,..::.:, r--
Kit contains a 51-piece assortment 
of SCHAUER 1% tolerance 1-watt 
zeners covering the voltage range 
of 2.7 to 16.0. Three diodes of each 
voltage packaged in reusable poly 
bags. Stored in a handy file box. 
Contact your distributor or order 
di rect. 

A $54.57 value for 

ONLY  
Semiconductor Division 

SCHAUER 
Manufacturing Corp. 

4514 Alpine Ave. Cincinnati, Ohio 45242 

Telephone: 513/791-3030 

142 Circle 142 on reader service card Circle 192 on reader service card 



You can't get FM tolerance 
and high sensitivity together. 

But we can. 
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Several years ago, EIP introduced the first 
Autohet frequency counter. 

HP soon followed with their version of an 
automatic counter. 

We had chosen to automate the heterodyne 
method of determining precise frequencies. They 
had taken the transfer oscillator approach. 

We ended up FM tolerant. They ended up 
with more sensitivity. 

What happened? 
If you were in the communications industry, 

you would need our counter to measure typically 
encountered signals with large amounts of 
frequency modulation. 

If you required a counter to measure 
unusually low-level signals, HP had it. 

And if you needed both FM 
tolerance and high sensitivity, you 
either bought both counters (for about 
$10,000), or you had had it. 

An Impossible Counter. 
Last month, we introduced our new 350D. 

FM tolerance has been improved by 400% to a 
worst case of 40 MHz peak-to-peak deviation. Its 
sensitivity (-25 to —30 dBm) permits measure-
ment of extremely low level signals. 

Now. If you require both FM tolerance and 
sensitivity, you can get both in one counter 
(for about $5,000). 

Impossible? HP would like to think so. 
We've even added a new feature you'll like. 

Our 11 digit display is now LED solid state. 
Extremely reliable. Easy to interpret. And our 
unique display blanking facility allows you to 
eliminate the 6 least significant digits. 

Our 350D (20 Hz to 12.4 GHz) costs $4,700. 
Our 351D (20 Hz to 18 GHz) costs $5,100. 

Call Bob Mangold collect at (408) 
244-7975. Or, for Europe, contact Andre 
Mathot in Brussels at (02) 41 45 50. Ask 
about this "impossible" counter. E 

A DANALAB COMPANY 
3130 ALFRED St. SANTA CLARA CA 95050 

Others measure by us. 
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Nortronics is ready to tin your 
digital head needs for 1/2" IBM 
Compatible, 1/4 " Cartridge, 
.150" Cassette and Floppy Disk 
applications. 

Nortronics also manufactures 
the broadest range of audio 
heads in the world. 

Our engineering department 
is prepared to work with your 
engineering group on new 
product development. 

Call us. 
Our line is open. 

II NORTRONICS 
Company Inc 
8811 b81 55427 
lephone(812)544 0381 

New products 

curacy is within 1°C. Price is $355. A 
second model with a temperature 
range from -10° to + 175°C is avail-
able for $295. 
Bailey Instruments Co., 515 Victor St., 

Saddle Brook, N.J. 07662 [359] 

Illumination meter spans 

1.2 to 1,200 foot-candles 

Priced at $345, the model 615 illu-
mination meter covers from 1.2 to 
1,200 foot-candles at 0.02 foot-can-
dle per division. The wide range is 
made possible by a battery-operated 
amplifier circuit whose power is pro-

vided by a 9-volt transistor battery 
that the company expects will last 
more than a year. There are seven 
ranges on the unit, in addition to a 
battery-check position and an inter-
nal lock that prevents the cover 
from closing unless the switch is in 
the off position. The portable instru-
ment weighs less than 2 pounds. 
Weston Instruments Inc., 614 Freylinghuy-

sen Ave., Newark, N.J. 07114 [360] 

The pollution 
problem. 

Maybe your 
engineers deserve 
a little help. 

The engineers'will be the ones 
to find the technical solutions to 
pollution problems. There's no 
doubt about it. 
But pollution is a people prob-

lem, too. And the engineers' 
technological approach to pollu-
tion isn't going to solve people 
problems. 
Maybe this booklet can help. 

It lists some of the things all 
people can do to fight pollution. 
And with all the people sup-
porting your engineers we'll have 
a better chance of winning the 
fight. 
For a free copy or a list of 

bulk rates write to Keep 
America Beautiful, Inc., Box 
1771, Radio City Station, New 
York, New York 10020. 

Keep America Beautiful 
Advertising contributed for the public good 

NME4t, 
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People start pollution. 
People can stop it. 
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We improved 
our micro resist 
New KODAK Micro Resist 747 

is the purest, most stringently con-
trolled resist we've ever made. 

It's filtered to a value of 0.5 
micrometer, and there are less than 
10 parts per million of metal ions. 
(Less than three parts per million 
each of sodium, lithium, potassium, 
tin, or gold.) Viscosity and solids are 
also closely controlled. 

And there are processing solu-

tions of equally high quality: KODAK 
Micro Resist Developer, Thinner 
and Rinse. All of which help you get 
more uniform coatings and better 
process reliability. And that means 
economy. 

There's convenience, as well. 
This negative-working resist comes 
in four ready-to-use viscosity 
grades: 30, 45, 60, and 110 centi-
stokes. 

We couldn't 
improve our offer 

Technical assistance. 
We'd be pleased to share our experience in 

microelectronics with you. As a start, why not send 
for the comprehensive six-page data sheet on 
KODAK Micro Resist 747? Or have a 
representative demonstrate it for you. 
Either way, just use the coupon. Kodak 

Eastman Kodak Company 
Dept. 412-L, Rochester, N.Y. 14650 

E Please have a representative demonstrate 
KODAK Micro Resist 747. 

11 Please send detailed information. 

Name  

Title  

Company  

Address  

PH F ' 

City   State  Zip  

For information on sales outside the U.S. and Canada, 
contact the International Photographic Division, Eastman 
Kodak Company, Rochester, N.Y. 14650, U.S.A. 

3.48 
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ELECTRONIC and ALLIED INDUSTRIES 
Automatic Alarms, Inc., Youngstown, 

Ohio 
Electronic Control Corp., 626 Harper Ave., 

Detroit, Mich. 
Electronic Laboratory, 306 S. Edinburgh 

Ave., Los Angeles, Cal. 
Lumenite Electric Co., 37 W. Van Buren 

St., Chicago, Ill. 
O. B. McClintock Co., Minneapolis, Minn. 
Photoswitch, Inc., 21 Chestnut St., Cam-

bridge, Mass. 
Rehtron Corp., 2159 Magnolia Ave., Chi-

cago, Ill. 
United Cinephone Corp., Torrington, Conn. 
Worner Products Corp., 1019 W. Lake St., 

Chicago, Ill. 

Amplifiers  

AUDIO FREQUENCY AMPLIFIERS 

Altec Lansing Corp., 6900 McKinley Ave., 
Los Angeles. Cal. 

American Communications Corp., 306 
Broadway, New York, N. Y. 

Amplifier Co. of America, 17 W. 20th St., 
New York. N. Y. 

Arrow Radio Co., 900 W. Jackson Blvd., 
Chicago. Ill. 

Atlas Sound Corp., 1412 39th St., Brook-
lyn, N. Y. 

Audio Development Co., 2833 13th Ave., 
S. Minneapolis, Minn. 

Baliantine Laboratories, Inc., Boonton, 
N. J. 

Bogen Co., David, 663 Broadway, New 
York, N. Y. (See page 174.) 

Braun, Inc., W. C., 601 W. Randolph St., 
Chicago, Ill. 

Chicago Sound System Co., 2124 S. Michi-
gan Blvd., Chicago, 111. 

Collins Radio Co., 2920 First Ave., Cedar 
Rapids, Iowa 

De Vry Corp., 1111 Armitage Ave., Chi-
cago, Ill. 

Electrical Research Products, Inc., 76 
Varick St., New York, N. Y. 

Erwood Sound Equipment Co., 223 W. 
Erie St., Chicago, Ill. 

Fairchild Aviation Corp., 88-06 Van Wyck 
Blvd., Jamaica, N. Y. 

Federal Telegraph Co., 200 Mt. Pleasant 
Ave., Newark, N. J. 

Gabel Mfg. Co., John, 1200 W. Lake St., 
Chicago, Ill. 

Gates Companies, Quincy, Ill. 
General Communication Products Co., 

Lexington Ave. at Vine, Hollywood, 
Cal. 

General Radio Co., 30 State St, Cam-
bridge, Mass. 

Gibbs Se Co., Thomas B., 900 W. Lake 
St., Chicago, Ill. 

Graybar Electric Co., Lexington Ave. at 
43d St., New York, N. Y. (Sole Dis-
tributors for Western Electric Co., 
New York, N. Y.) 

Harvey-Wells Communications, Inc., North 
St., Southbridge, Mass. 

Jack Mfg. Co., Charles, 420 Lehigh St., 
Allentown, Pa. 

Howard Radio Co., 1731 Belmont Ave., 
Chicago, Ill. 

Lincrophone Co., 1661 Howard Ave., Utica, 
N. Y. 

Meek Industries, John, 1313 W. Randolph 
St., Chicago, Ill. 

Miles Reproducer Co., 812 Broadway, New 
York, N. Y. 

Million Radio & Television Laboratories, 
1617 N. Damen St., Chicago, Ill. 

National Union Radio Corp., 15 Washing-
ton St, Newark, N. J. 

National Co., 61 Sherman St., Malden, 
Mass. 

National-Dobro Corp., 400 S. Peoria St., 
Chicago, Ill. 

Newcomb Audio Products Co., 2815 S. 
Hill St., Los Angeles, Cal. 

Norwalk Transformer Corp., South Nor-
walk, Conn. 

Operadio Mfg. Co., St Charles, Ill. 
Pacent Engineering Corp., 79 Madison 

Ave., New York, N. Y. 
Rauland Corp., 4245 N. Knox Ave., Chi-

cago, Ill. 
Ray Lab, Inc., 211 Railroad Ave., Elmira, 

N. Y. 
RCA Mfg. Co., Camden, N. J. 
Regal Amplifier Mfg. Corp., 14 W. 17th 

St., New York, N. Y. 
Rowe Industries, 3120 Monroe St., Toledo, 

Ohio 
Setchell Carlson, Inc., 2233 University 

Ave., St. Paul, Minn. 
Sherron Metallic Corp., 1201 Flushing 

Ave., Brooklyn, N. Y. 
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Skaggs Transformer Co., 5894 Broadway, 
Los Angelts, Cal. 

Smith Co., Maxwell, 1027 N. Highland 
Ave., Hollywood, Cal. 

Spokane Radio Co., 611 W. First Ave., 
Spokane. Wash. 

Stromberg-Carlson Telephone Mfg. Co., 
100 Carlson Rd., Rochester, N. Y. 

Sundt Engineering Co., 4757 Ravenswood 
Ave.. Chicago, Ill. 

Talking Devices Co., 4451 W. Irving Park 
Chicago, Ill. 

Televiso Products. Inc., 2400 N. Sheffield 
Ave., Chicago, Ill. 

Terminal Radio Corp., 85 Cortlandt St.. 
New York, N. Y. (See page 176.) 

Thordarson Electric Mfg. Co., 500 W. 
Huron St., Chicago, Ill. 

Transformer Corp. of America, 69 
Wooster St., New York, N. Y. 

Triumph Mfg. Co., 4017 W. Lake St., 
Chicago, ¡IL 

Vega Co., 155 Columbus Ave., Boston, 
Mass 

Webster Electric Co., Clark & DeKoven 
Aves., Racine, Wis. 

Western Electric Co.—see Graybar Elec-
tric Co 

Analyzers  
COLOR ANALYZERS 

Bausch & Lomb Optical Co., 635 St. 
Paul St., Rochester, N. Y. 

Central Scientific Co., 1700 Irving Park 
Blvd., Chicago, Ill. 

Electronic Products Co., St. Charles, Ill. 
Ess Instrument Co., 30 Irving Pl., New 

York, N. Y. 
Fisher Scientific Co., 711 Forbes St., 

Pittsburgh, Pa. 
Gaertner Scientific Corp., 1201 Wright-

wood Ave., Chicago, Ill. 
General Electric Co., Schenectady, N. Y. 
Jarrell-Ash Co., 165 Newbury St., Boston, 

Mass. 
Luxtrol Co., 54 W. 21st St., New York, 

N. Y. 
Photobell Corp., 123 Liberty St., New 

York, N. Y. 
Photovolt Corp., 95 Madison Ave., New 

York, N. Y. 
Pho-Tron Instrument Co., 5713 Euclid 

Ave., Cleveland, Ohio 
Rawson Electrical Instrument Co., 102 

Potter St., Cambridge, Mass. 
Rubicon Co., 3751 Ridge Ave., Philadel-

phia, Pa. 
Saxl Instrument Co., 42 Weybosset St., 

Providence, R. I. 
Sheldon Electric Corp., 100 Fifth Ave., 

New York, N. Y. 
United Cine phone Corp., Torrington, 

Conn. 
Woermann-Schuchhardt, Inc., 17 W. 17th 

St., New York, N. Y. 

SURFACE ANALYZERS 
Brush Development Co., 3311 Perkins 

Ave.. Cleveland, O. (See page 22.) 
Physicists Research Co., 343 S. Main St., 

Ann Arbor, Mich. 

Apparatus  
GEOPHYSICAL APPARATUS 

see also Geophones 
American Instrument Co.. 8010 Georgia 

Ave., Silver Spring, Md. 
Brush Development Co., 3311 Perkins 

Ave., Cleveland, Ohio 
Cambridge Instrument Co., Grand Cen-

tral Terminal, New York, N. Y. 
Engineering Laboratories, Inc., 624 E. 

Fourth St., Tulsa, Okla. 
Geophysical Instrument Co., 1315 Half 

St., S.E., Washington, D. C. 
Helland Research Corp., Club Bldg., Den-

ver, Colo. 
Mico Instrument Co., 10 Arrow St., Cam-

bridge, Mass. 
Miller Corp., Wm., 362 W. Colorado St, 

Pasadena, Cal. 

Books  
TECHNICAL. ELECTRONICS and RADIO 

BOOKS 
Blakiston Co., 1012 Walnut St., Philadel-

phia, Pa. 
MacMillan Co., 60 Fifth Ave., New York, 

N. Y. 
McGraw-Hill Book Co., 330 W. 42d St., 

New York, N. Y. (See Page 180.) 
Maedel Pub. Rouse, 593 E. 38th St., 

Brooklyn, N. Y. (See page 157.) 

Radio T,clinical Pub. Co., 45 Astor PL, 
New York. N. V. 

Rider, John F., 404 Fourth Ave., New 
York. N. Y. 

Ronald Press Co., 15 E. 26th St., New 
York, N. Y. 

Van Nostrand Co., D., 250 Fourth Ave., 
New York. N. Y. 

Wiley & Sons, John, 440 Fourth Ave., New 
York. N. Y. 

Chimes  
CHIMES and BELLS 

Jack Mfg. Corp.. Charles, 420 Lehigh St., 
Allentown, Pa. 

Rangertone, Inc., 73 Winthrop St., New-
ark, N. J. 

RCA Mfg. Co.. Camden. N. J. 
Transformer Corp. of America, 69 Woos-

ter St., New York, N. Y. 

Colorimeters  
PHOTO-ELECTRIC COLORIMETERS 

American Instrument Co.. 8010 Georgia 
Ave., Silver Spring, Md. 

Central Scientific Co., 1700 Irving Park 
Blvd., Chicago. Ill. 

Coleman Electric Co., 310 Madison St., 
Maywood, Ill. 

Electronic Products Co., St. Charles, Ill. 
Emby Products Co., 1800 W. Pico Blvd., 

Los Angeles Cal. 
Fisher Scientific Co., 711 Forbes St., 

Pittsburgh, Pa. 
Frober-Faybor Co., Chagrin Falls, Ohio 
Jarrell-Ash Co., 165 Newbury St, Boston, 

Mass. 
Klett Mfg. Co., 179 E. 87th St., New York. 

N. Y. 
Pfaltz &rBauer, Inc., 360 Fifth Ave., New 

York, N. Y. 
Photovolt Corp., 95 Madison Ave., New 

York, N. Y. 
Pho-Tron Instrument Co., 5713 Euclid 

Ave., Cleveland, Ohio 
Rubicon Co.. 3751 Ridge Ave., Phila-

delphia, Pa. 
Saxl Instrument Co., 42 Weybosset St., 

Providence, R. I. 
Scientific Glass Apparatus Co., Bloomfield, 

N. J. 
United Cinephone Corp., Torrington, Conn. 
Woermann-Schuchitardt, Inc., 17 W. 17th 

St., New York, N. Y. 

Con trois  
ACIDITY and ALKALINITY CONTROLS 

Electronic Control Corp., 626 Harper Ave., 
Detroit, Mich. 

Tagliabue Mfg. Co., C. J., Park & Nos-
trand Aves., Brooklyn, N. Y. 

Televiso Products, Inc., 2400 N. Sheffield 
Ave., Chicago, Ill. 

BLEACHING PROCESS CONTROLS 

Tagliabue Mfg. Co., C. J., Park & Nos-
trand Aves., Brooklyn, N. Y. 

DOOR OPENER CONTROLS 

Electronic Control Corp., 626 Harper Ave., 
Detroit, Mich. 

Electronic Laboratory, 306 S. Edinburgh 
Ave., Los Angeles, Cal. 

Photoswitch, Inc., 21 Chestnut St., Cam-
bridge, Mass. 

Televiso Products, Inc., 2400 N. Sheffield 
Ave.. Chicago, Ill. 

United Cinephone Corp., Torrington, Conn. 

DRINKING FOUNTAIN CONTROLS 
Electronic Laboratory, 306 S. Edinburgh 

Ave., Los Angeles, Cal. 
G-M Laboratories, Inc., 4313 N. Knox 

Ave., Chicago, Ill. 
United Cinephone Corp., Torrington, Conn. 

FURNACE CONTROLS 
Brooke Engineering Co., 4617 Wayne Ave., 

Philadelphia, Pa. 
General Electric Co., Schenectady, N. Y. 
Photoswitch, Inc., 21 Chestnut St., Cam-

bridge, Mass. 
Tagliabue Mfg. Co., C. J., Park & Nos-

trand Aves., Brooklyn, N. Y. 
United Cinephone Corp., Torrington, Conn. 
Wheeieo Instruments Co., Harrison & 

Peoria Sts., Chicago, Ill. 
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now 50 amps from the 
leader in 20 kHz switch-
ing power supplies 

RO introduces its newest high efficiency 20 kHz switching 
power converters; series 400. It comes in 5V at 50 amps or other 
single or dual voltages up to 300 watts. Efficiencies are 65% at the 5V 
level and reach 80% at higher voltages. Inputs can be AC or DC. 48 VDC 
input is standard for the telecommunications industry. Units are parallel-

able without limit by simply strapping the outputs together. 

This series is the latest in a line of 20 kHz converters that RO has pro-
duced over 6 years of from 5 to 300 watts. Over 20,000 units delivered 
in this period make us the leader in "switchers." 

Write for complete catalog and specifications. 

RO ASSOCIATES, INCORPORATED / 3705 HAVEN AVENUE / MENLO PARK, CA 94025 / (415) 322-5321 / TWX 910-378-5929 

146 Circle 146 on reader service card Electronics/March 21, 1974 



New products 

Semiconductors 

LEDs seek 
new markets 

Fast infrared diodes are 

aimed at optical coupling, 

TV transmission, other uses 

It may seen strange for still another 
company to enter the light-emitting-
diode market, but International 
Rectifier is doing just that, and its 
new infrared-emitting units are 
matched to the characteristics of 

fiber optics. IR expects the devices to 
be used in computer, industrial, and 
consumer products. 
"We are already involved in very-

high-speed switching of SCRs," says 
David Cooper, vice president of 
sales and engineering, "and it's nat-
ural for us to make couplers that 
trigger the sots. To make very-
high-speed, very-high-voltage cou-
plers, however, we need fast, high-
output LEDs." Also, IR's Crydom di-
vision is a major supplier of solid-
state relays that use optical couplers. 
And, Cooper says, his company is 
working with makers of cable-tele-
vision equipment on TV-trans-
mission devices. 

IR's new LEDs are an order of 
magnitude faster than comparable 
devices on the market, and their 
spectral output more nearly matches 
the minimum-loss wavelength of 
fiber-optic cables, says Cooper. The 
diodes have rise times of 80 nano-
seconds at 100 milliamperes (50 ns 
at lower levels), compared to typical 
speeds of 300 to 400 ns. 

This makes them usable for trans-
mitting such high-frequency signals 

as television, and the devices' peak 
spectral output of 882 nanometers 
closely matches the minimum-trans-
mission-loss wavelength of fiber-op-
tic cables, typically 800 to 850 nm. 
At this wavelength, the transmission 
loss is as low as 40 dB per kilometer 
over a widely used cable. Other de-
vices have outputs that peak as high 
as 950 nm, where the loss is as much 
as 110 dB/km. Bandwidth is 10 MHz 
at 3 dB. 
Cooper says that a proprietary 

production process has produced a 
gallium-arsenide compound that 
has new properties that provide 
these device characteristics. He says 
the high speed is partly a result of 
low capacitance (150 picofarads), 
but also because of transmission 
through the upper layers of the chip. 
The devices can be operated from 

-65°C to 125°C. Power dissipation 
at the ambient temperature of 25°C 
is 180 milliwatts. Maximum forward 
current at ambient temperature of 
25° is 100 mA. Peak pulse current is 
10 A at a pulse width of 1 micro-
second at 200 pulses per second. Re-
verse breakdown voltage is a min-
imum of 2 v, and the maximum 
forward voltage is 1.8 V. Total radi-
ation-power output at 100 mA is 
typically 1.8 to 5.4 mw for different 
devices. Cooper also claims that the 
devices exhibit better stability than 
other devices, with lower output 
drop as the temperature rises. 
The devices are offered in modi-

fied TO-46 and pill packages at 
prices of $1.30 to $3.68 in quantities 
of 100. Other cases will be offered in 
the future. 
International Rectifier, Semiconductor Divi-

sion, 233 Kansas St., El Segundo, Calif. 

90245 [411] 

1,024-bit programable 

ROM offers fast access 

As its first serious attempt in the 
fast-growing market for program-
able read-only memories, Texas In-
struments has chosen to second-
source the industry-standard 1,024-
bit PROM, with a couple of extras for 
high performance at a low price. 
The TI part uses a new fusing 

If you 
wanted our 
equipment 
last year 

but 
couldn't 
afford it... 

...call us 
now! 

We've added new lines that out-per-
form our older, high quality products, 
but at a lower cost to you . . . thanks to 
some nifty packaging and clever cir-
cuit design. 

We have two new lines of FM tele-
metry equipment: 
• A 51/4" FM Multiplex/Demultiplex 
line for Aerospace applications at less 
than $1,000 per channel, complete! 
• An Industrial FM line that provides 
aerospace specifications in an in-
dustrial package, at an even lower 
cost! 

We also have a new PM Decom 
that's priced to sell for under $4,0001 

And, a Tunable Bit Synchronizer that 
sells for less than $4,500! 

Sound interesting? Call (203) 743-
9241 today for details. (Ask for Joe 
Lombardo) 

DATA-CONTROL SYSTEMS, INC. 
Commerce Drive, P.O. Box 584 

Danbury, Ct. 06810 MI (203) 743-9241 
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DEE AN 1MM 

DEPENeBILITY 
DOESN'T 
COST 

There's a lot more than meets 
the eye in Delevan's lineup of 
miniature RF inductors and 

transformers. Like the 
unmatched dependability 

built into each component. 
Thanks to a lot of things that 
go on at the factory. Hard-
nosed quality controls . . . 
complete material analysis 

. . . advanced in-plant 
environmental testing . . . 
automated techniques for 

winding, soldering and 
molding . . . and 

conscientious people who 
take pride in true "no-fault" 
production. And of course, 

the dependable delivery and 
service you always get from 

Delevan. 

IT 
PAYS 

Remember . . . the proven 
reliability of these superior 
made-in-U.S.A. inductive 
devices means greater 
reliability for the products and 
assemblies made from them. 
Sure, you can save a few 
pennies by using cheaper 
components. But this could be 
expensive in terms of 
premature failure of the 
finished product. When your 
company's reputation is on the 
line, you can't afford not to 
use Delevan components. 
Their premium performance 
more than justifies their use 
. . . because Delevan 
dependability pays for itself. 
Why not prove it to yourself! 

Delevan 
Division 

AMERICAN 
PRECISION 
INDUSTRIES INC 

270 QUAKER RD./EAST AURORA, N.Y. 14052 
TELEPHONE 71B/652-3600 TELEX 091-293 

OTHER DIVISIONS OF AMERICAN PRECISION INDUSTRIES INC 

BASCO•DUSTEX 

New products 

technology "that's small, fuses very 
quickly, and gives us a very high 
rate of programability," says Rich-
ard L. Horton, market development 
manager for digital ics at TI'S Hous-
ton facility. 
The metal fuse link, which is pro-

prietary, is not nichrome or alumi-
num, Horton emphasizes, but 
"something that is innate in the 
Schottky process. We use it in all 
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our Schottky products." 
Programability is factory-tested, 

says Horton: "We've added an extra 
bit to every word, and we fuse that 
internally to verify programability." 
In fusing, logic "highs" at selected 
locations in the 256-by-4-bit device 
are changed to permanent logic 
"lows." Links typically fuse in 1 
millisecond. 
The PROM, which comes in two 

series, designated the 54S and 74S, 
uses fully decoded pnp inputs to re-
duce input current requirements to 
less than -0.25 milliampere—about 
an eighth of a normalized load fac-
tor—and is fully ra,-compatible. It 
features full Schottky clamping for 
fast typical access times of 15 na-
noseconds from enable and 40 ns 
from address. In addition, the PROM 
is available in a choice of output 
configurations: model 74S287 has 
three-state outputs for more new 
system designs, and the model 
74S387 is an open-collector-output 
part. 

Both 74S PROMS, in the 16-pin 
plastic dual in-line packages, are 
available from stock at $19.20 in 
quantities from 100 to 999. The mil-
itary version, the 54S series, will be 
introduced later this year, and a 
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An offshore plant will 
reduce your electronics 
manufacturing costs. 
On paper. 
The competitive challenge of imports hasn't hit 

any market harder than electronics. An offshore plant 
with low labor rates seemed to offer a convincing way to 
regain the profitability edge. Until the plant was built 
and local realities set in. Restrictive labor regulations, 
stretched logistics, and unfamiliar conditions all tended 
to eat up those paper profits. It didn't really take a palace 
revolution to put you in the red. 

Universal Instruments Corporation has quietly 
pioneered a different approach to help you combat the 
stacked deck of import price competition in electronics. 
We reasoned that if we could take the handwork out of 
electronic assembly, you could avoid the pitfalls of 
chasing cheap labor around the world to keep your 
manufacturing costs down. 

Now, computer-controlled automated assembly 
systems developed and refined by Universal over the 
past 15 years are providing a better answer to imports— 
in markets as diverse as color television and seat belt 
interlock systems. 

For example: a flexible complex of Universal 
sequencers and component insertion machines con-
trolled by worker and supervisory computers adjusts 
rapidly to meet changes in production schedules at a 

major U.S. electronics manufacturer. To keep their plant 
competitive by turning out 85,000 circuit modules— 
enough for more than 10,000 color TV sets—per day. 

For the new generation of automotive electronics, 
the Universal In-Line Assembly System can put together 
circuit boards for digital clocks, anti-skid controls, fuel 
injection and other devices faster and more economically 
than any other system. It can assemble approximately 
1,260,000 boards per 10-month seven-hour single-shift 
production year. A production advance that enables 
electronics and auto makers to meet this high volume 
demand—profitably—at home. 

Then there's the flexible new "Quadrasert" that 
handles circuit boards automatically, computer-con-
trolled wire termination systems, and the "Multisert" 
system that inserts up to ten components at once. Plus 
emerging production technology developments from 
'Universal to help make your present domestic produc-
tion at least as cost-effective as past offshore production. 
Even in 1985, when U.S. manufacturers will need over 
one billion circuit boards. 

Because we know there's no way except better 
technology to keep all of us in the electronics business. 

The most cost-effective system available 
for high volume circuit board production. 

Combining automated board handling 
with moving table insertion for added 
flexibility in high volume circuit board 
production. 

EXPANDABLE SEQUENCER 

Add-on flexibility from 20 to 95 stations 
permitting growth without production obso-
lescence in your component sequencing 
operation. 

Write or call us today for complete technical literature and production specifications on these and 
other Universal systems—including a wide line of insertion machines, sequencers, and wire wrap systems 
—as well as information on our extensive contract facilities for electronic assembly. 

-OlniversaL INSTRUMENTS CORPORATION 
P.O. Box 825 Binghamton, New York 13902 

Tel: 607-772-7522 • Twx: 510-252-1990 

Sales and Service Offices in California: Santa Ana: Colorado: Denver; Florida, SI. Petersburg; Illinois.' 
Palatine; New Hampshire: Manchester; New York: Binghamton; North Carolina: Raleigh; Pennsylvania: Levittown; 
less, Dallas Also CAC.» In Armegelan, Bombay, Copenhagen, Frankfurt, Londcn, Milan, Montreal, Pans, 
Sidney, Tel Aviv, Tokyo. and Toronto. 
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A 50W Audio Amp 1 LA SANKEN 

Represented by: 

Argentina: Reidel 
S.A.C.I.F.I., 
Buenos Aires Phone: 
55-1627. 55-9126 

Australia: Tristate 
Electronics Pty. Ltd., 
Mascot N.S.W. 2020 
Phone: 669-2657 

Brazil: Industria 
Eletronica Anritsu Ltda.. 
Sao Paulo 
Phone: 35-6308 

Canada: Len Finkler, 
Ltd., Ontario 
Phone: 630-9103 

Denmark: Elmatok Ltd.. 
Ullerslev 
Phone: 09 35 14 46 

Finland: Ky L. I. 
Lucander Kb, 
Helsinki 
Phone: 574-750 

France: Tradelec, 
Paris 
Phone: 533 00.40 

F. R. Germany: Ernst 
Roederstein GmbH, 
Landshut 
Phone: 0871-3085 

Israel: Bet K. D. M. 
Ltd., Tel-Aviv 
Phone: 53517, 56952 

Italy: Metroelettronica 
SAS., Milan 
Phone: 546.26.41 

Mexico: Tecnoceramica 
S.A., Mexico City 
Phone: 561-23-67 

Netherlands: Metronix 
B.V., Harderwijk 
Phone: 03410-2486 

New Zealand: David 
J. Reid (N.Z.) Ltd., 
Auckland 
Phone: 499-089 

Norway: Therma Technical 
Agencies, Haslum 
Phone: 533322 

Rep. of China: 
Development Enterprise 
Co., Ltd., Taipei 
Phone: 335412, 361001 

South Africa: M.T.S. 
Desselss (1954) Pty. , 
Ltd., Johannesburg 
Phone: 21-7671 

Spain: lndustesa, 
Barcelona 
Phone: 245 16 12 

Sweden: Aug. Eklow AB 
Stockholm 
Phone: 230620 

Switzerland: Dewald AG 
Zurich 
Phone: 051-451300 

U.S.A.: Airpax 
Electronics Inc., 
Florida 
Phone: 305-587-1100 

Sanken series SI-1000G 

HYBRID POWER AMP 
SI-1010G (10W), SI-1020G (20W) 
SI-1-030G (30W), SI-1050G (50W) 

Sanken self-contained hybrid power amp series streamlines Hi -Fi, 

stereo, musical instruments and public address equipment. The cir-

cuit employs high-reliability flip-chip transistors and passivated-chip 

power transistors with excellent secondary breakdown strength. Fea-

tures quasi-complimentary class B output and operates from a single 

or split power supply. Built-in current limiting is provided for SI-1030G 

and SI-1050G. 

CHARACTERISTICS SI -1010G SI-1020G SI-1030G SI -1050G 

Maximum rms Power 10W 20W 30W 50W 

Supply Voltage 34V or ±17V 46V or +23V 54V or +27V 66V or ±33V 

Harmonic Distortion at Full Output 0.5% max. 

Input Voltage 0.30V typ. 0.42V typ. 0.52V typ. 0.70V typ. 

Voltage Gain Full Feedback (P0=1W) 30dB typ. 

Input Impedance 40,000 ohms typ. 

Output Impedance (Po= 1W) 0.2 ohm typ. 

Signal to Noise Ratio (Input Shorted) 90dB typ. 

Frequency Range (P0=1W) 20Hz to 100kHz 

Power Bandwidth (-3dB) 20Hz to 20kHz 

Operating Temperature —10'C to +70°C —20°C to +80°C 

Storage Temperature —25°C to +85-C —30°C to +100 -C 

At 25 -C ambient, lkHz, Ri.=8 ohms 

Contact our representatives for more technical details. 

SANKEN ELECTRIC COMPANY, LTD. 
1-22-8 Nishi-lkebukuro, Toshima-ku, Tokyo, 171 Japan 

ELECTRIC c O.. LTD. Telex: 0272-2323 (SANKEN J) Cable: SANKELE TOK Phone: 986-6151 
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• 
New products 

2,048-bit PROM using the same fusing technology will be 
announced by the company during the second half of 
the year. 
Texas Instruments, Inquiry Answering Service, P.O. Box 5012, M/S 
308, Dallas, Texas, 75222 [412] 

Register file reads and 

writes at the same time 

A 16-bit multiport register file, organized as 8 words by 
2 bits, is able to read 4 bits and write 2 bits at the same 
time. Designated the model MC10143L, the random-ac-
cess memory uses N4E0.-10,000 levels and has a com-
plexity equivalent to 110 gates. Access time to any 4 bits 

is 10 nanose-
conds. The de-
vice not only has 
the ability to ac-
cess any two 2-
bit words for 
read while writ-
ing a third word, 
but can perform 
two read oper-
ations and a 
write operation 
simultaneously. 
Write operations 
can also be 
made prior to, at 
the same time, 
or after read op-

erations. ECL outputs are capable of driving trans-
mission lines directly. Outputs can be wire-oRed to-
gether, or several register files can be combined on a 
bus line. Power dissipation is 610 milliwatts, and the 
unit is supplied in a 24-pin dual in-line package. Price is 
$29 in 100-lots. 
Motorola Semiconductor Products Inc., Box 20924, Phoenix, Ariz. 
85036 [413] 
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Power transistor switches 

at less than 100 ns 

Suitable for industrial and military applications, the 
model 2N5189 power transistor is an npn device for use 
as a core or line driver in data-processing equipment. 
The unit is a double-diffused epitaxial device with an 
improved interdigitated geometry, and the structure 
provides low saturation voltages and high speed. The 
transistor can be used in any application requiring a 
collector current to 1 ampere with total switching speeds 
of less than 100 nanoseconds. Price for the basic device, 
rated at 35 volts, is 82 cents for 1 to 99 pieces and 60 
cents for 100-lot quantities. A 100-volt version, called 
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Licon takes the 
"butterflies" out of 
the rush hour. 
By putting its double-break, double reliable 
Butterfly switches to work in mass 
transit systems. 

Ligon' switches are at work 24 hours a day, 
in automatic door devices, on thousands 
of mass transit vehicles throughout the 
world. Rugged, dependable, and able to 
withstand countless trouble free operations 
under most severe conditions. 

The same rugged dependability is yours 
in every basic Licon switch. What 
are your load requirements? What 
kind of actuator or mounting will 
best suit your needs? 

Look to Licon: Your Licon representative 
or distributor has a switch 
solution for you. 

11,`,1 LICON 
Division Illinois Tool Works Inc 
6615 W. Irving Park Road 
Chicago, Illinois 60634 
Phone (312) 282-4040 
TWX 910-221-0275 

puts ideas to work 
in electronics 

The Innovative Electronic Group of ITW... 
LICON • ELECTRO MATERIALS • PAKTRON 

O ILLINOIS TOOL WORKS INC. 1974 
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A new concept: 

The 
ANALOG 
COUNTER 

Smaller 

cheaper 

faster 

lighter 

and 

tougher 

than 

the digital counter 

Curtis coulometer technology 
opens new possibilities in timing 
and counting. Compared to motor 
driven, gear-limited counters, 
Curtis Analog Counters are much 
smaller, considerably cheaper, 
respond in microseconds, weigh 
less, never jam or lose count. 
These characteristics have 
opened up whole new fields of 
application where counters were 
considered impractical before. 
May we tell you more? 

Write or call us, 
we'll send you 
our literature. 

An8log 
Timers 

CURTIS INSTRUMENTS, INC. 
200 Kisco Avenue, Mt. Kisco, N.Y. 10549 
Tel. (914) 666-2971 • TWX 710-571-2163 

U.K.: Newcastle Upon Tyne, NE1 6AE 
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New products 

the KP3540, is priced at $1.25 each 
for 1 to 99 pieces and 95 cents in 
quantities of 100. Production quan-
tities are available in six weeks. 
Kertron Inc., 7516 Central Industrial Dr., Riv-

iera Beach, Fla. 33404 [414] 

Power transistors deliver 

to 100-A peak current 

Two series of industrial power tran-
sistors offer peak currents of either 
70 amperes or 100 amperes. Each of 
the npn devices is available in a 
TO-3 or TO-63 can; both are con-

structed with a single planar chip. 
Typical applications are in power 
supplies, motor drivers, and as SCR 
replacements. The devices, rated at 
70 amperes, are priced at $35 each 
in lots of 100. 
Solitron Devices Inc., 1177 Blue Heron 

Blvd., Riviera Beach, Fla. 33404 [416] 

Semiconductor memory has 

1.28-gigabit/s data rate 

Consisting of two independent bipo-
lar memories, each 8,000 words by 
16 bits, a semiconductor memory 
offers a 1.28-gigabit-per-second data 

HIGH 
PURITY 
ELEMENTS 
We offer 
more than 
anyone else. 
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Antimony 

Arsenic 

Bismuth 

Cadmium 

Copper 

Gold 

Indium 

Lead 

Selenium 

Silver 

Sulphur 

Tellurium 

Thallium 

Zinc 

Asarco has the broadest selec-
tion of high purity elements in 
the business. All 99.999+% pure. 
All ready for prompt delivery. 
For semiconductors, electronics, 
metallurgy, research, and other 
applications. 
Our high-purity elements are 

also available in commercial 
quantities. 
For more information on 

Asarco's array of high purity 
elements, write our By-Products 
Department at 120 Broadway, 
New York, N.Y. 10005. 

75 Years of Progress in Metals 

ASARC 
American Smelting and Refining Company 

e 
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Cramped for space in your production of computer-
generated graphics? Stretch out on the king-size 22-inch 
bed of the new Gould 5100. In fact, the Gould 5100 
gives you the widest plotting capability at the fastest 
speed of any electrostatic unit. With a price/perform-
ance ratio superior to every other printer/plotter on 
the market. 
The Gould 5100 has been specifically designed for 

scientific and engineering work where speed is essential, 
and where the ability to print out such materials as 
seismographic charts and A to D 
size drawings is required. 
And it's absolutely loaded 

with features. 22-inch wide 
roll paper. Up to 3 inches 
per second in graphics 
mode. Resolution of 100 
dots per inch horizontally 
and vertically. Superior den-
sity of plotter output. 

What's more, the optional 96 
ASCII character set allows the 
Gould 5100 to print 264 characters 
across the page at 1200 lines per 

minute. Direct on-line interfaces are available for IBM 
System/360 and IBM System /370 computers as well 
as for most mini-computers. 
And Gould software is the most efficient and flexible 

available anywhere. In addition to the basic software 
package that emulates the widely accepted Calcomp 
graphics package, specialized engineering, drafting, 
scientific and business graphic software enables your 
computer to efficiently handle the most sophisticated 
computer graphics. 

''1! 

Built with traditional Gould 
quality, and backed by Gould's 
own reliable service, the 
Gould 5100 will greatly 
expand the efficiency and 
throughput of your pro-
duction of computer-

generated graphics. Let our 
Pete Highberg or Bill Koepf 

prove it to your satisfaction. Get 
in touch with them now at Gould 

Inc., Dept. E 3, Data Systems 
Division, 20 Ossipee Road, 

Newton, Massachusetts 02164. 

The new Gould 5100 
printer/plotter. It lets you 

work out on the biggest bed 
in the business. 

DATA SYSTEMS DIVISION 

an> Bono 
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New products 

"ECI is a 
good place to 
work, if 
you're a good 
engineer." 

BRUCE MYERS, 
Senior 
Principal 
Engineer 

"We get to design state-of-the-art 
equipment instead of doing the 
same old thing all the time. We get 
to do new and exciting things. We 
deliver hardware, not paperwork. 
And there's no problem of gain-
ing responsibility and advancing 
yourself. We have a very 
positive outlook." 

Career opportunities for 
electronic engineers: 
We have openings at all levels 

for electronic engineers experi-
enced in the design and develop-
ment of communications systems, 
RF, digital, and modem equipment. 
You'll be working with major UHF 
command and control systems, satel-
lite relay and telemetry systems, and 
a variety of other challenging 
long-term projects including 
advanced mail handling systems. 

If your specialty doesn't 
match exactly: 

If you're a creative Electronic 
Design or R & D engineer, really 
know the fundamentals of electronics, 
and are highly flexible, we'd like to 
hear from you. It may well be that 
you're the man for us. 

ECI is on Florida's West Coast in 
sunny, cosmopolitan St. Petersburg. 
If you're interested in a career oppor-
tunity on long-term programs in a 
stimulating environment, write in con-
fidence today to William A. Peterson, 
Personnel Manager, Electronic 
Communications, Inc. , Box 12248, 
St. Petersburg, na. 33733. 

ELECTRONIC COMMUNICATIONS, INC. 
A subsidiary of NCR 
An equal opportunity employer. 

rate. One memory can be read while 
the other is loaded or vice versa. An 
alternate mode is to operate both 
memories in parallel, forming a 
single 16,000-word-by-1-bit memory 
system. 
Intel Memory Systems division, 345 Mid-

dlefield Rd., Mountain View, Calif. 94041 

[415] 

Two-wire transmitter is 

aimed at signal transmission 

Designed for signal-transmission 
applications in process control, in-
strumentation, and data-acquisition 
systems, the LH0045 two-wire trans-
mitter is a linear integrated circuit 
that accepts a voltage signal from a 
sensor, converts it into a current, 
and transmits the current down a 
twisted pair to a receiver. The same 
twisted pair provides the device 
with supply voltage, making the 
unit desirable for remote sensing 
applications. The LH0045 is in-
tended for use with various sensors, 
and so it can link with thermo-
couples, strain gauges, and thermis-
tors. Price in 100-lots is either $18.50 
or $21.50, depending on packaging. 
National Semiconductor Corp., 2900 Semi-

conductor Dr., Santa Clara, Calif. 95051 

[417] 

Circuit links MOS 

and TTL data buses 

A dual, bidirectional bus-inter-
change element interfaces mos and 
TTL data buses. Called the model 
8T30, the unit can exchange data in 
half-duplex transmission mode from 
a party-line TTL or DTL bus to an 
mos, TTL, or DTL transceiver port. 
Each half of the 8T30 interchange 
element is conditioned by common 
receive and transmit-enable controls 
for six modes of operation. Both sets 
of transmit-output and receive-in-
put pins act the same way—typically 
routing data from the party line to 
transceiver ports. The price of the 
model 8T30 is $1.88 each in quan-
tities of 100. 
Signetics Corp., 811 E. Argues Ave., Sunny-

vale, Calif. 94086 
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BREAKTHROUGHS. 
$1.50 AND UP. 

(1) The universe's very first and 
only transistor that's an IC. 

Old style power transistors join 
the buggy whip because LM 195/ 
295/395 are blow 
out proof. (just 
$4.95 for the LM 
395— all prices in 
batches of 100 plus.) 

And if that 
doesn't blow your "Hearrot,r.le." 
mind, how 'bout... 

(2) A proprietary timer in which 
the output is short circuit proof. 

The output state of LM 322 can 
be inverted, eliminating the need 

The first timers 
with a short circuit 

proof output. minal after it's 
triggered have no effect on the timer 
output. ($1.50*) 

(3) A 3-amp IC regulator. 
Another first. 
The number is LM 323, and it's a 

The first 

for external cir- temperature transducer 
on a chi> 

cuits. Another 
thing that should 
have an effect on 
you is that inputs 
on the trigger ter-

logical extension 
of the self-protect-
ed 3 terminal reg-
ulator field which 
guess-who has The first 

pioneered. ($6.75*) 3iZZ:Zer 
(4) An IC temperature transducer. 
Linear sensor, amplifier and a 

stable voltage reference all on a 
single monolithic IC chip. 

And they read 
out in real temper-
ature (degrees 
Kelvin) instead of 
ohms. So when 
someone asks you 
ow hot the what-

chamacallit is you don't have to tell 
them 14 ohms. ($13.35*) 

Pens ready? 
LX 5600AH/LX5600H and 

LX5700AH/LH5700H. 
Buy 'em quick 'cause we can use 

the money. Or, for the stubborn 
among you, details are available 
from National Semiconductor Corp., 
2900 Semiconductor Drive, Santa 
Clara, California 95051. 

*In batches of 100 plus. 

NATIONAL 
National Semiconductor Corp 2900 Semiconductor Drive. Santa Clara. Calif 95051: Scottsdale. Ariz (602) 945-8473, Mountain View. Calif (415) 961-4740: 

Sherman Oaks. Calif (213) 783-8272. Tustin. Calit (714) 832-8113; Miami. Fla. (305) 446-8309. Chicago. III. (312) 693-2660: Indianapolis, Ind (317) 255-5822; 
Lenexa. Kan (816) 358-8102: Glen Burnie. Md. (301) 760-5220. Burlington. Mass. (617) 273-1350; Farmington. Mich. (313) 477-0400: Minneapolis, Minn. (612) 888-4666; 

Englewood Cliffs, N.J. (201) 871-4410; Syracuse. N.Y (315) 455-5858. Dayton. Ohio (513) 434-0097. Dallas. Tex. (214) 233-6801 
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(Electronic Equipment) 1942-1943 BUYER'S GUIDE for the 

HEAT TREATING CONTROLS 

Brown instrument Co., 4536 Wayne Ave., 
Philadelphia, Pa. 

Electronic Control Corp., 626 Harper Ave., 
Detroit, Mich. 

Electronic Laboratory, 306 S. Edingburgh 
Ave.. Los Angeles. Cal. 

General Electric Co., Schenectady, N. Y. 
TagHahne Mfg. Co., C. J.. Park & Nos-

trawl Aves., Brooklyn, N. Y. 
Wheelco Instruments Harrison & 

Peoria Sts., Chicago, Ill. 

LIGHTING CONTROLS 

Electronic Laboratory, 306 S. Edinburgh 
Ave., Los Angeles, Cal. 

General Control Co., 243 Broadway, Cam-
bridge, Mass. (See page 1714 

General Electric Co., Schenectady. N. Y. 
Televiso l'rotlucts, Inc., 2400 N. Sheffield 

Ave., Chicago, Ill. 
United Cinephone Corp., Torrington, Conn. 
Weston Electrical Instrument Corp., 614 

Frelinzhilys, n Ave., Newark, N. J. 

MOTOR or GENERATOR CONTROLS 

Allis-Chalmers Mfg. Co., Milwaukee, Wisc. 
Andrews & Perillo, Inc., 3930 Crescent 

St., Long Island City, N. Y. 
Burlington Instrument Corp., Burlington, 

Iowa 
Electronic Control Corp., 626 Harper Ave., 

Detroit, Mich. 
General Control Co., 243 Broadway, Cam-

bridge, Mass. (See page 171.) 
General Electric Co., Schenectady, N. Y. 
Ohmite Mfg. Co., 4835 W. Flournoy St., 

Chicago, Ill. 
United Cinephone Corp., Torrington, Conn. 

PACKAGE WRAPPING CONTROLS 
Electronic Control Corp., 626 Harper Ave., 

Detroit, Mich. 
G-M Laboratories, Inc., 4313 N. Knox 

Ave.. Chicago. Ill. 
Rehtron Corp., 2159 Magnolia Ave., Chi-

cago. Ill. 
Televiso Products, Inc., 2400 N. Sheffield 

Ave., Chicago, Ill. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 

PAPER TRIMMING and SLITTING 

CONTROLS 
Electronic Control Corp., 626 Harper Ave., 

Detroit, Mich. 
Photoswitch, Inc., 21 Chestnut St., Cam-

bridge, Mass. 
United Cinephone Corp., Torrington, Conn. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 

PHOTOGRAPHIC PROCESS CONTROLS 
General Control Co., 243 Broadway, Cam-

bridge, Mass. 
Industrial Timer Corp., 117 Edison Pl., 

Newark, N. .I. 
Intercontinental Marketing Corp., 95 Mad-

ison Ave., New York, N. Y. 
Photoswitch, Inc., 21 Chestnut St., Cam-

bridge, Mass. 
United Cinephone Corp., Torrington, Conn. 
Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave., Newark, N. J. 

PRINTING REGISTER CONTROLS 
Electronic Control Corp., 626 Hari). r Ave., 

Detroit, Mich. 
Emby Products Co., 1800 W. Pico Blvd., 

Los Angeles, Cal. 
General Electric Co., Schenectady, N. Y. 
G-M Laboratories, Inc., 4313 N. Knox 

Ave., Chicago, Ill. 
Photoswitch, Inc., 21 Chestnut St., Cam-

bridge. Mass. 
United Cinephone Corp., Torrington, Conn. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 

REMOTE CONTROLS 
Allen-Bradley Co. , 136 W. Greenfield Ave., 

Milwaukee, Wis. 
American Automatic Electric Sales Co., 

1033 W. Van Buren St., Chicago, 111. 
Autocall Co., 1142 Tucker Ave., Shelby, 

Ohio 
Bailey Meter Co., 1050 Ivanhoe Rd., 

Cleveland, Ohio 
Bristol Co.. Waterbury, Conn. 
Brown Instrument Co., 4536 Wayne Ave., 

Philadelphia, Pa. 

D-30 

Clare & Co.. C. P., Lawrence & Lamon 
Ayes.. Chicago. Ill. 

Cutler-Hammer, Inc., 1401 W. St. Paul 
Ave., Milwaukee, %11s. 

Electric Indicator Corp., 21 Parker Ave., 
Stamford, Conn. 

Electrimatic Corp., 2100 Indiana Ave., 
Chicago, Ill. 

Electronic Laboratory, 306 S. Edinburgh 
Ave., Los Angeles, Cal. 

Elsbert Mfg. Co., 910 W. Lake St., Chi-
cago, Ill. 

Foxboro Co, Neponset Ave., Foxboro, 
Mass. 

General Electric Co., Schenectady, N. Y. 
Guardian Electric Mfg. Co., 1621 W. Wal-

nut St., Chicago, Ill. 
Hanlon-Waters, Inc., Tulsa, Okla. 
Hart Mfg. t'o., 11 Bartholomew Ave., 

Hartford, Conn. 
Hays Corp.. 925 Eighth Ave., Michigan 

City, Ind. 
H-H Instrument Co.. 2520 N. Broad St., 

Philadelphia, Pa. 
Illinois Engineering Co.. Racine Ave. & 

20th Pl., Chicago, Ill. 
International Filter Co., 325 25th Pl., 

Chicago. Ill. 
Kollstnan Instrument Div., Square D CO., 

SOOS 45th Ave.. Elmhurst. N. Y. 
Kurman Electric Co., 211 Lafayette St., 

New York, N. Y. 
I.uxtrol Co., 54 W. 21st St., New York. 

N. Y. 
Mason-Neilan Regulator Co., 1190 Adams 

St., Boston. Mass. 
Meissner Mfg. Co., Mt. Carmel, Ill. 
Minneapolis-Honeywell itegulator Co.. 2712 

Fourth Ave., S.. Minneapolis, Minn. 
Photobell Corp., 116 Nassau St., New 

York, N. Y. 
RCA Mfg. Co., Camden, N. J. 
Republic Flow Meters Co., 2240 Diversey 

Pkwy., Chicago. Ill. 
Scientific Instrument Co., 1441 Walnut 

St., Berkeley, Cal. 
Tagliabue Mfg. Co.. C. J., Park & Nos-

(rand Ayes., Brooklyn, N. Y. 
Taylor Instrument Companies, 100 Ames 

St.„ Rochester. N. Y. 
United Cinephone Corp., Torrington, Conn. 
Wheeler) Instruments Co., Harrison & 

1-'orla Sts., Chicago, Ill. 
Zenith Electric Co., 835 S. Wabash St., 

Chicago, Ill. 

TEMPERATURE CONTROLS 

Allen-Bradley Co., 136 W. Greenfield Ave., 
Milwaukee, Wis. 

Bristol Co.. Waterbury, Conn. 
Brown Instrument Co., 4536 Wayne Ave., 

Philadelphia, Pa. 
Electronic Control Corp., 626 Harper Ave., 

Detroit, Mich. 
Electronic Laboratory, 306 S. Edinburgh 

Ave., Los Angeles, Cal. 
General Electric Co., Schenectady, N. Y. 
Illinois Testing Laboratories, 42i) N. La 

Salle St., Chicago, Ill. 
Leeds & Northrup Co., 4970 Stenton Ave., 

Philadelphia, Pa. 
Spencer Thermostat Co.. 1404 Forest St., 

Attleboro, Mass. (See page 111.) 
Tagliabue Mfg. Co., C. J., Park & Nos-

trand Ayes.. Brooklyn, N. Y. 
Wheelco Instruments Co., Harrison & 

Peoria Sts., Chicago, Ill. 

THICKNESS CONTROLS 

Electronic Control Corp., 626 Harper Ave., 
Detroit, Mich. 

Magnetic Gauge Co., 60 E. Bartges St., 
Akron, Ohio 

Photoswitch, Inc., 21 Chestnut St., Cam-
bridge, Mass. 

TRAFFIC CONTROLS 
American Gas Accumulator Co., Eliza-

beth, N. J. 
Eagle Signal Corp., Moline, Ill. 
Electronic Control Corp., 626 Harper Ave., 

Detroit, Mich. 
Televiso Products, Inc., 2400 N. Sheffield 

Ave., Chicago, Ill. 

VIBRATION CONTROLS 
Andrews & Perillo, Inc., 39-30 Crescent 

St., Long Island City, N. Y. 
Electronic Control Corp., 626 Harper Ave., 

Detroit, Mich. 
Televiso Products, Inc., 2400 N. Sheffield 

Ave., Chicago, Ill. 

WEFT STRAIGHTENING CONTROLS 

General Electric Co., Schenectady, N. Y. 

WELDING CONTROLS 

see Tin, 1.114 

Allis-Chalmers Mfg. C... Milu atikec, Wisc. 
Electronic Control Corp., 626 Harper Ave., 

Detroit, Mich. 
General Electric Co.. Schenectady, N. Y. 
Photoswitch, Inc., 21 Chestnut St., Cam-

bridge, Mass. 
Televiso Products, Inc., 2400 N. Sheffield 

Ave., Chicago, Ill. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 

Counterx 
Andrews & Perillo. Inc., :P.i-30 Crescent 

St., Long Island City. N. Y. 
Automatic Electric Co... 1033 W. Van 

Buren St.. Chicago, Ill. 
Clare Co., C. P., Lawrenee & Lamon Aves., 

Chicago, Ill. 
Electronic Control Corp., 626 ilarper Ave., 

Detroit, Mich. 
Electronic Laboratory, 106 S. Edinburgh 

Ave., Los Angeles, Cal. 
Photobell Corp., 116 Nassau St., New 

York, N. Y. 
Photoswitch, Inc., 21 Chestnut St., Cam-

bridge. Mass. 
Rehtron Corp., 217,9 Magnolia Ave., Chi-

cago, Ill. 
Televiso Products, Inc., 2400 N. Sheffield 

Ave., Chicago, Ill. 
Wheelco Instruments Harrison & 

Peoria Sts., Chica2-

Detectors  

PINHOLE DETECTORS 

General Electric Co., Schenectady. N. Y. 
Westinghouse Electric k Mfg. Co., East 

Pittsburgh, Pa. • 

Devices  

GRADING DEVICES 
Andrews & Perillo, Inc.. 39-30 Crescent 

St., Long Island City. N. Y. 
Electronic Control Corp., 626 Harper Ave., 

Detroit, Mich. 
Electronic Laboratory, 306 S. Edinburgh 

Ave., Los Angeles. Cal. 
General Control Co., 243 Broadway, Cam-

bridge, Mass. 

KEYING DEVICES 
Gray Mfg. Co., 16-30 Arbor St., Hartford, 

Conn. 

MACHINE SAFETY DEVICES 
Electronic Control Corp., 626 Harper Ave., 

Detroit, Mich. 
Electronic Laboratory, 306 S. Edinburgh 

Ave., Los Angeles, Cal. 
General Control Co., 243 Broadway, Cam-

bridge, Mass. 
Photobell Corp., 123 Liberty St., New 

York, N. Y. 
Photoswitch, Inc., 21 Chestnut St., Cam-

bridge, Mass. 
Televise Products, Inc., 2400 N. Sheffield 

Ave., Chicago, Ill. 
United Cinephone Corp., Torrington, Conn. 
Wheelco Instruments Co., Harrison & 

Peoria Sts., Chicago, 

WEIGHING DEVICES 
Electronic Control Corp.. 626 Harp. r Ave., 

Detroit, Mich. 
Electronic Laboratory. 306 S. Edinburgh 

Ave., Los Angeles, Cal. 
General Control Co., 243 Broadway, Cam-

bridge, Mass. 
Wheelco Instruments Co., Harrison & 

Peoria St s., Chicago, Ill. 

Diathermy  
DIATHERMY APPARATUS 

American Systocope Makers, Inc., 1241 
Lafayette Ave., Bronx, N. Y. 

Battle Creek Equipment Co., 32 N. Wash-
ington Ave., Battle Creek, Mich. 

Hirtcher Corp., 5087 Huntington Drive, N., 
Los Angeles. Cal. 

Burdick Corp., Milton, Wis. 
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A high-speed 
isolator breakthrough. 

Two new optically-coupled isolators take advantage of our advanced photo 
IC capability giving speeds four times faster than other opto couplers. The 5082-4360 
Series optically-isolated gates operate up to 20M bits. This device has a photo 

detector IC circuit consisting of a photo diode and high-frequency linear amplifier. 
It is completely TTL compatible at the input and output and it's capable of feeding 
eight TTL gate loads. The 5082-4350 Series isolators operate up to 4MHz bandwidth. 

This device consists of a monolithic photo detector with a photo diode and high frequency 
transistor on the same substrate, making it ideal for linear and digital applications. 

The 5082-4350 Series prices start at $1.70 in I K quantity; the 5082-4360 Series is priced 
011230/ at $4.50 in I K quantities. Detailed specs are as close as your nearby HP distributor. 

HEWLETT â PACKARD 

Sales and service from 172 offices in 65 countries. 
150 , Pape .11 void 10,110 APIO Ca1,10,0,4 94304 
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New products 

Packaging & production 

Thermoplastic 
is easy to mold 

New compound can be 

processed with standard 

injection-molding equipment 

Among major claims for a new 
thermoplastic molding compound 
developed by the Carborundum Co. 
is ease of processing. The copolyes-
ter, designated Ekkcel I-2000, is said 
to mold well in standard injection-
molding equipment, in addition to 
possessing desirable physical and 
electrical properties. What's more, 
the moisture absorption of the 
molded part is very low. 

Ekkcel I-2000 can be processed in 

injection-molding equipment that is 
capable of barrel temperatures of 
725°F to 750°F and of injection 
pressure ranging from 6,000 to 8,000 
pounds per square inch. For best 
properties, a hot mold—at 350°F to 
400°F—is recommended, although, 
in some instances, an ambient-tem-
perature mold may be used. 
The molding compound is said to 

be well suited for manufacture of 
such connector components as the 
molded insert shown above. Be-
cause Ekkcel I-2000 has low friction 
and good wear properties, Carbo-
rundum says that it is suitable for 

motor bearings and for a wide range 
of other applications requiring high 
strength at elevated temperatures. 
The molded material retains its 

physical and electrical properties at 
temperatures in excess of 500°F, the 
company says. Moisture absorption 
is less than 0.025% after 24 hours in 
boiling water. The material is non-
burning, having a limiting oxygen 
of 37, and it meets Underwriters 
Laboratories specification VE-0. It 
is also being tested for use in manu-
facture of printed-circuit boards. 
Sample quantities of Ekkcel 

I-2000 is priced at $24 per pound. 
The Carborundum Co., P.O. Box 337, Niag-

ara Falls, N.Y. 14302 [391) 

Automatic wire strippers 

use digital controls 

Automatic wire strippers are gener-
ally operated by compressed air, but 
not Standard Logic's new EWS-6K. 
It uses solid-state digital control and 
a feed/cut/strip mechanism oper-
ated by precision stepping motors. 
The machine operates at 6,000 wires 
per hour without the noise generally 
associated with pneumatic strippers. 
The electronic controls and simpli-
fied electromechanical system 
should also mean reduced wear and 
better reliability, predicts Bruce L. 
Billington, vice president of market-
ing. 

Cut- and strip-length of the wires 
is determined by panel thumbwheel 
switches, rather than the usual inter-
nal analog adjustments. The wire 
length can be 2.5 to 99.9 inches, se-
lectable in 0.1-in. increments. The 
strip can be as long as 1.5 in., also in 
0.1-in, increments, excluding 0.1 
and 0.2 in., which aren't generally 
required. Wires of 24 to 30 AWG 
sizes can be used; other sizes are op-
tional. The unit operates at a max-
imum stripping rate of 6,000 2.5-in. 
wires per hour, and 4,000 6-in, wires 
per hour. 

Besides the digital selection of 
wire and strip length, a front-panel 
selector presets the number of wires 
to be stripped. The operation stops 
automatically after the selected 
number of wires have been stripped, 

How to 
ship small 
packages in 
a big hurry. 

DEC)-1:1;AR: EISshsPipEcm%Aent:'; Delta 
guarantees delivery on the flight or 
routing you specify between most 
Delta cities. 

Packages accepted up to 50 lbs. 
with length plus width plus height 
not to exceed 90" total, with only 
one dimension exceeding 30." 

Deliver to Delta's ticket counter 
or airport air freight terminal at 
least 30 minutes prior to scheduled 
departure time. Shipments may be 
picked up at either location 30 
minutes after flight arrival. 

Delta's exclusive "Dashboard" 
control procedure insures constant 
tracking of your shipment from 
delivery to pick-up. 

DASH charges are nominal. 
Check Delta reservations for charges 
between specific points. Pay in cash, 
by company check, most general-
purpose credit cards, special credit 
arrangements or on government 
shipments by GBL. ettrC)EL—Tiot 

tt,e..nne r“. wo'ess onals 

Rate examples (Tax included) 
Atlanta-Washington $21.00 
Boston-Miami.  $26.25 
Cincinnati-Louisville  $21.00 
Cleveland-Phoenix $26.25 
Los Angeles-New Orleans  $31.50 
Dallas-Los Angeles .  $26.25 
San Francisco-Atlanta . .  S31.50 
Philadelphia-Houston  $26.25 
New York-Tampa $26.25 
For details, call Delta reservations. 

Delta is ready 
when you are: 

Electronics/March 21, 1974 Circle 157 on reader service card 157 



Constant Voltage Transformers 

The Brush XV recorder. 
You get 

your money's worth. 
You II have a hard time finding another XY 
recorder that offers you so much for so little. 

Like pressurized ink writing that assures crisp 
clear traces at pen speeds to 40 in/sec. Our 
Metrisite' servo-loop feedback system that 
assures 99.85% linearity. Built-in preamps, and 
electrostatid paper holddown. 

Write Gould Inc., Instrument Systems Division, 
3631 Perkins Avenue, Cleveland, Ohio 44114. Or 
Kouterveldstraat Z/N, B 1920 Diegem, Belgium. 

an> oouu) 

IMMEDI 

1"-.)R nn go ,y¡re, 

ELIN1 

signal 
Penslormer co. Inc. 
1 Junius St., Brooklyn, N.Y. 11212 

Telephone (212) 498-5111 

SIGNAL IS THE 
ONLY SOURCE FOR 
CVT'S DESIGNED 
FOR DC SUPPLIES 

• 5 to 120V DC, Single Output or Dual 
Complementary Supplies. 

• 25 to 500 Watt Rating. 
• AC Resonant Capacitor Included. 
• Most Economical—No Minimum 
Order Requirement. 

Send for Free Catalog also listing ex-
tensive lines of Rectifier Power Trans-
formers, Printed Circuit Plug-Ins and 
Flat Plug-Ins. 

New products 

and a digital readout displays the 
number of wires stripped at any 
point. Three operating speeds are 
provided, and fault indicators are 
included for wire feed and blade 
cycle. The blades are made of heat-
treated tool steel. 
The EWS-6K, 20 in. wide by 18 

in. high by 20 in. deep, weighs 105 
pounds, and operates on 90 to 250 
volts at 50 or 60 hertz. Price is 
$3,995, and delivery time is six 
weeks. 
Standard Logic Inc., 2215 S. Standard Ave., 
Santa Ana, Calif. 92707 [401] 

Ceramic scriber handles 

substrates to 41/2 inches 

The model KSS4 laser scribing sys-
tem handles ceramic substrates 
measuring up to 41/2 inches square. 
The machine is specially designed 
for large runs and features oversized 
chucks and a prealignment station, 

which allows the operator to align 
one substrate while the other is 
being scribed. Other features in-
clude an automatic loading stage 
with a longer travel distance, closed-
circuit TV for verification of scribing 
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Our plant tour is well worth taking 
but pack for a long trip 

You'll need a lot of time. Because we cover a lot of 
territory. TRW Electronic Components has 32 

plants in 30 cities in six countries. 
And the territory keeps growing. 
As one of the few companies capable of produc-

ing both high-technology components and high-
volume components, we make over 300 different 

products. For all the major OEMs in all major indus-
tries using electronics. With a steadily increasing 

demand. 
And we are often called upon to apply our high-

volume manufacturing know-how to state-of-the-art 

technology. Which means we can be a source for 
whatever you need in electronic components. High-
technology, high-volume—or both! Maybe we 
already make what you need. Certainly we can 
make it. Even if it means building or buying another 

new plant. 
So, while you would surely find our plant tour 

fascinating, it would be pretty exhausting. By the 

time you saw the plants we have, we'd probably 
have new ones for you to see. No telling when it 

would end. 

Because we are TRW. 

TRW ELECTRONIC COMPONENTS 
10880 Wilshire Boulevard, Los Angeles, CA 90024 

Connectors • Resistors • Semiconductors • Capacitors • Motors • PC Boards • Potentiometers • Transformers • Coils and Inductors • Wire and Cable 
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e 
DESIGNERS: the new cost-effective way 

to implement logic 
is Rockwell's 128-row by 46-column 

SOS* 
PROGRAMMABLE 
LOGIC ARRAY 

(PLA) 
Bipolar speed: 15MHz. MOS densities: each row is 
effectively an AND gate of 45 input terms. Example: 
one SOS-PLA can compute value of function of 22 
variables expressed as sum of up to 128 products. 
Otherwise, you'd need 400 8-gate TTL ICs. Write on 
your letterhead for data sheets. Address us 
at P.O. Box 3669, Anaheim, Calif. 92803. 

• SOS: Silicon-on-Sapphire 

Oi Microelectronic Device Division 
Rockwell International 

Circle 160 on reader service card 

Best  fli1C1C12 

Electric Clock Motors 
Increase your sàles potential with compact, 
ultra-thin motors that deliver an amazing 
150 gr-cm at only 6 rpm! 
Just compare the following features: 
• More power for your money. 
• Compact construction means easy design. 
• Low speed increases lifetime and elimi-
nates noise. 

NIKKO SEIM CO.,LTD. 
4-25, 2-chome, Azuma-cho, Ageo-shi, 
Saitama, Japan Tel: 0487-71-2450 

New products 

accuracy, a split-field microscope, 
and optional back-side scribing ca-
pability. 
Korad Division, Hadron Inc., 2520 Colorado 
Ave., Santa Monica, Calif. 90404 [393] 

Laboratory furnace has 

0 to 2,000°F range 

For laboratory heat-treatment ap-
plications, the model Mark 16 labo-
ratory furnace offers temperature 
control within -±1% over the range 
from 0 to 2,000°F. The heating ele-
ment is made out of a chrome-

nickel-aluminum alloy. There are 
two heating chambers available, one 
measuring 4 by 4 by 10 inches, and 
the other, 8 by 4 by 8 in. The unit is 
transistorized, and the transistors 
are grouped into modules for easy 
repair. 
The J.M. Ney Co., Bloomfield, Conn. 06002 
[394] 

Stereomicroscope has wafer-

illumination attachment 

The model M7 zoom stereomi-
croscope is available as a three-di-
mensional scope with an attachment 
camera, 35mm and Polaroid backs. 
Available as an accessory is a wafer-
illumination device, which provides 
vertical light for characteristic color 
effects on semiconductor devices. 
The unit itself has a depth-of-field 
adjustment at any given power, and 
powers range from 3x to 124 X. 
Price for the stereomicroscope alone 
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Common Mode Rejection Ratio: 

ACCURACY/STABILITY 
Accuracy: 

Range Tempco: 
CONVERSION TECHNIQUE 

DISPLAY 

DIGITAL SIGNALS 
'..ogic Levels (all 

inputs and outputs): 

UNIVERSAL POWER INPUTS: 

Operating Temperature: 

The first DPM 
that transforms 
into your own 
product by 
simply plugging 
in a P.C•card. 

AN2553/AN2533 DESIGN SPECIFICATIONS 
ANALOG INPUT 
Configuration: Bipolar balanced symmetrical 

differential inputs 
Dynamic Input Impedance: 1000 megohms nom 

80 dB standard, up to 
160 dB optional 

0 05% of reading -±-1 count 
35 ppm of reading 
Dual-slope integration 
.55" 7 seg.Sperry or .5" L.E.D. 

External Blacking, Hold, 
Overload, Clock,Latch, 
Carry. EOC, Polarity 
100. 117, 220. and 240 VAC 
RMS ±-10% 49 to 63Hz @ 2W 
-10•C to +60'C 

Dimensions: DIN-STANDARD: 96mm 
bezel width,4 48mm bezel 
height; 95 4mm max depth 

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

D Universally powered 
D True differential inputs 
D Low power consumption 
D DIN Intl Std. case size 
D Surprisingly low cost 
D Bright self- illuminating 

display 
D High reliability 

Build any required circuit 
on the uncommitted analog 
interface card we furnish. 
Then just plug it into the spe-
cial powered signal interface 
connector in our AN2553 31/2-
digit DPM. It's that easy to 
incorporate the value-added 
options that make your prod-
uct more profitable...or spec-
ify application requirements, 
and we'll build them in before 
shipment. 

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

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

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

Don't need all the flexibil-
ity? Order the even more eco-
nomical, general - purpose, 
basic AN2533. Fill all your 
31/2 digit DPM needs with the 
exceptionally high quality and 
reliability ensured by premi-
um-components, worst-case 
design techniques, low parts 
count, and the cool-running 
generously derated operation 
that has made Analogic the 
number one supplier of OEM 
digital panel instrumentation 
in the whole world. 

Write for more informa-
tion: Analogic, Audubon Rd., 
Wakefield, Mass. 01880; 
phone (617) 246-0300. 

Northeast, 617-235-2330, 203-966-2580, 
315-466-0220, 201-652-7055, 
212-947-0379 
Mid Atlantic, 215-272-1444, 
215-687-3535, 703-790-5666, 
301-252-8494 
Midwest, 314-895-4100, 913-362-0919, 
216-267-0445, 513-434-7500, 
313-892-2500, 412-892-2953, 
312-283-0713, 414-476-1500, 
317-844-0114 
South, 713-785-0581, 214-620-1551, 
305-894-4401, 919-227-3639, 
205-534-9771, 305-773-3411, 
813-867-7820 
West, 303-744-3301, 505-523-0601, 
602-946-4215, 505-292-1212, 
714-540-7160, 415-398-2211, 
206-762-7664, 503-643-5754. 
Canada, 613-836-4411, 604-688-2619, 
416-499-5544, 514-636-0525. 
902-434-3402 

ANALOGIC,. 
... The Digitizers 
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The wire stripper that 
refutes Kerchunk's Law. 
Kerchunk's Law has always 
maintained that automatic 
wire strippers must operate 
on air. And that therefore 
they shall always be noisy, 
overly complex and hard to 
maintain. If you're in the 
market for an automatic 

Circle 162 

• é• 
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wire stripper, or if you 
already have one that goes 
"kerchunk, kerchunk", meet 
our new Model EWS-6K. 

It's airless, kerchunk-
less and best of all, totally 
electric. The EWS-6K is 
proven, portable, economical, 
and so much quieter than 
the other ones. Need we 
say more? We do, in our 
brochure describing the 
world's first airless auto-
matic wire stripper. 
Standard Logic, 2215 So. 
Standard Ave., Santa Ana, 
Calif. 92707. Telephone: 
(714) 979-4770. 
STANDARD LOGIC, INC. 

SEND for information on the EWS-6K today' (If you already 
have a kerchunker, send anyway. Then, unplug your ears.) 

on reader service card 

LOW-COST mourn. 
orrricaL ENCODIERS 

dt4, 

• BCD outputs are DTL/TTL compatible. 
• Available range up to 99,999. 
• Ultra-reliable LED light source. 
• Low-torque, high-speed operation. 
• Rugged heavy duty industrial design. 
• Operates at 5 VDC. 
• External electronics not required. 

Contact Theta application specialists today for 
further details, and ask for our brochure. 

INSTRUMENT CORP. 
Specialists in Digital Automation 

Fairfield, New Jersey 07006 
Phone: 201 - 227-1700 

New products 

• 

e‘realmb '001. 

is below $2,700, the company says. 
Wild Heerbrugg Instruments Inc., Farm-

ingdale, N.Y. 11735 [395] 

Right-angle contact strip 

eliminates plastic housing 

A TS right-angle contact strip is de-
signed for connecting component or 
daughter boards to printed-circuit-
board backplanes. The contact strip 
is simply reflow-soldered to the 

backplane, and the salvage strip is 
removed—a molded plastic housing 
is not required. The TS strips are 
made of brass and preplated tin and 
are supplied in varying strip lengths 
on 0.100-inch centers. Applications 
are in computers and peripherals. 
Burndy Corp., Norwalk, Conn. 06582 [396] 

IC socket is made for 

36-lead LSI devices 

An integrated-circuit socket de-
signed for use with 36-lead LSI de-
vices has low insertion force and low 
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The first name 
in sweep generators is also 
no. 1 in price/performance value. Telonic Sweep Generators have a lot more built into them than just 

components. For example — more experience and application know-how 
than you'll find in any instrument; operating features we've incorporated 

from talking to hundreds of users; dependability based on designs that are 
field-proven in thousands of locations. Today, Telonic sweepers give you a lot 
more than just specs. They give you maximum instrument for your investment. 

SWEEP GENERATORS DISPLAY OSCILLOSCOPES 

Frequency 
(MHz) 
Sweep Width 
(MHz) 
Output (dBm) 
Flatness (dB) 
Linearity (/o) 
Markers 
Circuits 
Price 

Model 
1202 

Model 
1204 

Model 
1205 

.1-100 

.1-100 

1-500 

.2-500 

1-1500 Modes 

.2-600 CRT 

Model 
121 

Model 
122 

Single Trace Dual Trace 

11" Diagonal 

+13 +10 +7 V Bandwidth (kHz) 15 
-1-.25 ±.25 ±.50 H Bandwidth (kHz) 1 
2 1 1 V Sensitivity/div. 1, 10, 100 mv,1v 

Single and Ha monic H Sensitivity/div. 100 mv 
Solid State/Modular Input Imped. 10 K ohms 
895 I 1095 I 1395 Price 495 I 695 

Who was it that said, "investigate before you invest"? We have a new 60-page 
catalog on sweepers, oscilloscopes, and detectors. We would like you to 

investigate it, it's free. 

1202 

1204 

— 

C. 
.4e 

1205 21282 Laguna Canyon Road • Laguna Beach, Calif. 92652 
dip TELONIC INDUSTRIES, INC. 

Tel: 714 494-9401 • TWX: 910 596-1320 tPlOrilk 
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Remote viewing at a price 
competitive models 
can't even approach. 

This new, low-cost FS-100 Fiberscope with a 24" 
flexible length can reveal hidden flaws, peer into 
recesses, and trace vibrations to their source. Built 
with AO quality throughout, this battery-powered 

unit features a high resolution fiber bundle with 
a wide angle fixed focus objective lens 
and an adjustable eyepiece. For further 

information on the entire Fibersoope 
line, write or call American Optical 

Corporation, Fiber Optics Division, 
Southbridge, Massachusetts 

01550. Tel. (617) 765-9711 
Extension 2240. 

Circle 164 on reader service card 

U D-950 
Uni-directiona 
Dynamic Microphone 

This rugged unit features a steel case drawn 
into a modern flared style. 
The integral wind screen has been especially 
developed to provide maximum protection 
against breath blast and wind noise. A 
special cardioid element featuring unsur-
passed smoothness of response and rejec-
tion of sounds originating from the rear of 
the microphone is employed. A special filter 
circuit has been built into the microphone 
to provide optimum response in both in-

strumental and vocal applications. 

• For catalog, write to 

PRIMO MICROPHONE INC. 
SUITE 2207 
111 EAST WACKER DRIVE. CHICAGO, ILLINOI, 

60601. U.S.A 
TEL: 13121 565-0220. 0221 
TELEX . 25-4225 PRIMO MUS CGO 

PRIMO COMPANY LIMITED 
25-6-1 MURE, MITAKA-SHI. TOKYO JAPAN 
TEL: 0422-43-3121-6 

TELEX: 2822-326 PRIMO J 

Only $295 
Model FS-100 
F iberscope 

AD 
American 
Optical 

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. petire  
Dept. A, Washington, D.C. 20007 

New products 

contact resistance. This is achieved 
by the use of a hinged cover that 
clamps over the IC after it has been 
placed in position. The cover, when 
fitted, applies side pressure to the 
contacts, forcing them against the 
legs of the lc, giving a contact resist-
ance of 10 milliohms. Another ben-
efit is that circuits can be inserted 
and withdrawn from the socket at 
high speeds without damage to the 
leads. Price is $3.40 in small quan-
tities and $2.40 for 500 pieces. 
Jermyn, 712 Montgomery St., San Fran-

cisco, Calif. 9411 [397] 

Card-edge connectors 

provide versatility 

Four new card-edge connectors, 
part of the Scotchfiex series, are de-
signed to provide versatility of de-
sign to the engineer. The connectors 
are now available with 20, 26, 34, or 
40 contacts, in addition to the previ-
ously offered 50 contacts. The 
double-sided devices can be used 
with circuit boards ranging in thick-
ness from 0.054 to 0.071 inch. Con-
tacts are spaced on 0.100-inch cen-
ters and mate with Scotchfiex cables 
with conductors on 0.050-inch cen-
ters. 
3M Co., Box 33600, St. Paul, Minn. 55133 

[398] 

Strip sockets offer 

8.3-milliohms resistance 

Three strip sockets with four, nine 
and 12 pins are printed-circuit-type 
units providing an insulation resist-
ance of 1 x 106 megohms min-
imum. Contact resistance is initially 
8.3 milliohms, rising to 10 milliohms 
after 100 insertions. Breakdown 
voltage between adjacent contacts is 
1,150 volts rms. Areas of application 
include 8-, 18-, and 24-pin DIPS, re-
sistor networks, analog-to-digital 
and digital-to-analog converters, op-
tical couplers, and display systems. 
Delivery of the strip sockets is from 
stock. 
Job o Industries Inc., 11861 Cardinal Circle, 

Garden Grove, Calif. 92643 [399] 
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Up goes the productivity, 

down (by 70 %) go the costs 

when the "KORUND" Laser unit 
drills watch Jewels 

materials drilled rubies, corundum, ceramics, 

ferrite 

bore diameters 0.03 mm to 0.15 mm 

bore depth from 0.5 mm to 0.8 mm 

bore diameter accuracy not below "- 0.01 mm 

thickness of material drilled to 1.0 mm 

productivity one bOre per second 

Exporter: 

V/0 TECHMASHEXPORT 
35, Mosfilmovskaya, Moscow V-330, USSR 

Telex: 7568 

Agents: 

AMTORG TRADING CORPORATION 
355 Lexington Avenue, New York, N.Y. 10017 
50th ANNIVERSARY 

of Amtorg Trading Corporation this year 
M 

SSSR MOSKVA 

TECHMASHEXPORT 
Electronics/March 21, 1974 Circle 165 on reader service card 165 



ELECTRONIC and ALLIED INDUSTRIES  (Electronic Equipment) 

de Forest Laboratories, Lee, 5106 Wil-
shire Blvd., Los Angeles, t'al. 

Ecco High Frequency Corp., 120 W. 20th 
St., New York, N. Y. 

Fischer & Co., H. G., 2323 \Vabansia 
Ave., Chicago, 

Fischer Corp., 673 Ivy St., Glendale, Cal. 
General Electric X-Ray Corp., 2012 Jack-

son Blvd., Chicago, Ill. 
I lanovia Chemical & Mrg. Co., N. J. R. R. 

Ave. & Chestnut St., Newark, N. J. 
Herz-Lasker Corp., 17 W. 60th St., New 

York, N. Y. 
High Tension Corp., 118 W. 22d St., New 

York, N. Y. 
Lektra Laboratories, Inc., 30 E. Tenth 

St., New York, N. Y. 
Lepel High Frequency Laboratories, Inc., 

39 W. 60th St., New York, N. Y. 
Majestic Surgical Instrument Co., 2608 

N. Cicero Ave.. Chicago, Ill. 
McIntosh Electrical Corp., 223 N. Cali-

fornia Ave.. Chicago, Ill. 
Mueller & (7o., V., 408 S. Honore St., Chi-

cago, Ill. 
Peerless Laboratories, Inc., 115 H. 23d St., 

New York, N. Y. 
Bose Mfg. Co., E. J.. 727 E. Gage Ave., 

Los Angeles, Cal. 
Sharp & Smith, Hospital Div., A. S. 

co., 1813 Olive St., St. Louis, Mo. 

Electrocardiographs 
Beck-Lee c-rp., 630 W. Jackson Blvd.. 

Chicago, Ili. 
Brush Development Co., 3311 Perkins 

Ave., Cleveland, Ohio 
Cambridge Instrument Co.. Grand Central 

Terminal, New York. N. Y. 
Electro-Medical Laboratory, Inc., Hollis-

ton, Mass. 
General Electric X-Ray Corp., 2012 Jack-

son Blvd., Chicago, Ill. 
Herz-Lasker Corp., 17 W. 60th St., New 

York. N. Y. 
Miles Reproducer Co., 812 Broadway, 

New York, N. Y. 
Mueller & Co., V.. 408 S. Honore St.. Chi-

cago. 
Sanborn Co., 39 Osborn St., Cambridge, 

Mass. 

Equipment  
DRAFTING ROOM EQUIPMENT 

All-Steel-Equip Co., 641 John St.. Aurora. 

Alteneder Co., Theo., 1217 Spring Garden 
St., Philadelphia, Pa. 

Arkwright Finishing Co., Turks Head 
Bldg., Providence, R. I. 

Brown 8e Sharpe Mfg. Co., 235 Promenade 
St., Providence, R. I. 

Bruning Co., Charles, 4700 Montrose 
Ave., Chicago. 

Calibron Products, Inc., West Orange, 
N. J. 

Cardinell Corp.. Montclair, N. J. 
Carter's Ink Co., Kendall Square, Boston, 

Mass. 
Coxhead Corp., Ralph C., 333 Sixth Ave., 

New York, N. Y. 
Dietzgen Co., Eugene, 2425 Sheffield Ave.. 

Chicago. Ill. 
Dixon Crucible Co., Joseph, Jersey City, 

N. J. (See page 171.) 
Drafto Corp., Pressler Ave., Cochranton, 

Pa. 
Dremel Mfg. Co., 14th & Clark Sts., 

Racine, Wis. 
Eagle Pencil Co., 703 13th St.. New 

York, N. Y. 
Emmert Mfg. Co., Waynesboro, Pa. 
Eraser Co., 936 University Block, Syra-

cuse, N. Y. 
Faber Co., A. W., 41 Dickerson St., New-

ark. N. J. (See page 29.) 
Faber Pencil Co., Eberhard, 37 Green-

point Ave., Brooklyn, N. Y. 
Hamilton Mfg. Co., Two Rivers. Wis. 
Higgins Ink Co., 271 Ninth St., Brooklyn, 

N. Y. 
Holliston Mills, Inc., Norwood, Mass. 
Hunt & Son Co., C. B., Salem, Ohio 
Kenffel & Esser Co., 303 Adams St., Ho-

boken. N. J. (See page 3.) 
Koh-I-Noor Pencil Co., 373 Fourth Ave.. 

New York, N. Y. 
Lyon Metal Products, Inc.. 1933 Mont-

gomery St., Aurora, Ill. 
Ozalid Products Div., General Aniline & 

Film Corp., 25 Ansco Rd., Johnson 
City, N. Y. 

Paragon-Revolute Corp., 77 South Ave., 
Rochester, N. Y. 

Pease Co., C. F., 2679 W. Irving Park Rd., 
Chicago, Ill. 
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Post Co., Frederick, 3650 Avondale Ave., 
Chicago, Ill. 

Shaw Blue Print Machine Co., 11 Camp-
bell St., Newark, N. J. 

Speidel & Co., Chas. W., 112 N. 12th St., 
Philadelphia. Pa. 

Stafford, Inc., S. S., 607 Washington St., 
New York, N. Y. 

Starrett Co., L. S., 165 Crescent St., Athol, 
Mass. 

United States Blue Print Paper Co., 207 
S. Wabash Ave., Chicago. Di. 

Universal Drafting Machine Co., 1426 W. 
Third St., Cleveland, Ohio 

Weber Co., F., 1220 Buttonwood St.. Phil-
adelphia, l'a. 

White Dental Mfg. Co., S. S., 10 E. 40th 
St., New York, N. Y. 

Wickes Bros.. 512 N. Water St., Saginaw, 
Mich. 

Williams,. Brown & Earle, Inc., 918 Chest-
nut St., Philadelphia, Pa. 

Woon-Regan Instrument Co., Nutley, N. J. 
Wright, Inc., L. G., 6205 Carnegie Ave., 

('Wet-land, Ohio 

Gases  

GASES, RARE 

Linde Air Products Co.. 304 E. 42nd St., 
New York, N. Y. (See page 175.) 

Indicators  
POSITION INDICATORS 

Automatic Temperature Control Co., 33 E. 
Logan St., Philadelphia, Pa. 

Bailey Meter Co., 1050 Ivanhoe Rd., 
Cleveland, Ohio 

Bend's Marine Products Div., Bend's 
Aviation Corp., 754 Lexington Ave., 
Brooklyn, N. Y. 

Boston Auto Gage Co., 70 \Vest St., Pitts-
field, Mass. 

Electric Indicator Corp., 21 Parket Ave., 
Stamford, Conn. 

Electric Speed Indicator Co.. 16313 La-
verne Ave.. Lakewood Ohio 

Electric Tachometer Corp., 1354 Spring 
Garden St., Philadelphia, Pa. 

Foxboro Co., Neponset Ave., Foxboro, 
Mass. 

General Electric Co., Schenectady, N. Y. 
Hickok Electrical Instrument Co., 10514 

Dupont Ave., Cleveland, Ohio 
Pioneer Instrument Div. of Bendix Avia-

tion Corp., Bendix, N. J. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 

PRESSURE INDICATORS 

Brush Development Co., 3311 Perkins 
Ave., Cleveland, Ohio 

Commercial Engineering Laboratories, 
4612 Woodward Ave., Detroit, Mich. 

General Electric Co., Schenectady, N. Y. 
RCA Mfg. Co., Camden, N. J. 

SMOKE DENSITY INDICATORS and 

RECORDERS 

Bailey Meter Co., 1050 Ivanhoe Rd., 
Cleveland, Ohio 

Bristol Co., Waterbury, Conn. 
Brooke Engineering Co., 4517 Wayne Ave., 

Philadelphia, Pa, 
Electronic Laboratory, 306 S. Edinburgh 

Ave.. Los Angeles, Cal. 
Ess Instrument Co., 30 Irving Pl., New 

York, N. Y. 
General Electric Co., Schenectady, N. Y. 
General Television Corp., 70 Brookline 

Ave., Boston, Mass. 
Leeds & Northrup Co., 4970 Stenton Ave., 

Philadelphia, Pa. 
Lumenite Electric Co., 37 W. Van Buren 

St., Chicago, Ill. 
Luxtrol Co., 54 W. 21st St., New York, 

N. Y. 
McNeil Engineering Equipment Co., T. 

W., 4057 W. Van Buren St., Chicago, 

Photobell Corp., 123 Liberty St., New 
York, N. Y. 

Photoswitch, Inc., 21 Chestnut St., Cam-
bridge, Mass. 

Preferred Utilities Mfg. Corp., 31 W. 60th 
St., New York. N. Y. 

Rehtron Corp., 2159 Magnolia Ave., Chi-
cago, Ill. 

United Cinephone Corp., Torrington, Conn. 
Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave., Newark, N. J. 

Intercommunicators  
American Television Corp., 130 W. 56th 

St., New York, N. Y. 
Amplifier Co. of America, 17 W. 20th St., 

New York, N. Y. 
Audio Development Co., 2833 13th Ave.. 

S. Minneapolis, Minn. 
Autocrat Radio Co., 3855 N. Hamilton 

Ave., Chicago, Ill. 
Bank's Mfg. Co., 1105 W. Lawrence Ave., 

Chicago, Ill. 
Bell Sound Systems, Inc., 1183 Essex 

Ave., Columbus. Ohio 
Bendix Aviation, Ltd., North Hollywood, 

Cal, 
Bogen Co.. David, 663 Broadway, New 

York, N. Y. (See page 174.) 
Bond Products Co., 13139 Hamilton Ave., 

Detroit, Mich. 
Cannon Electric Development Co., 3209 

Humboldt St., Los Angeles, Cal, 
Communication Equipment & Engrg. Co., 

504 N. Parkside Ave., Chicago, Ill. 
Connecticut Telephone .2 Electric Corp., 

70 Britannia St., Meriden, Conn. (See 
page 1(13.) 

De Wald Radio Mfg. Corp., 440 Lafayette 
St., New York, N. Y. 

Electronic Products Co., St. Charles, Ill. 
Gibbs & Co., Thomas B., 900 W. Lake 

St., Chicago, Ill. 
lineman Systems, Inc., Fifth & Norwood, 

Dayton, Ohio 
Karadio Corp., 2233 University Ave., St. 

Paul, Minn. 
Lake Mfg. Co., 2323 Chestnut St., Oak-

land. Cal. 
Million Radio & Television Laboratories, 

1617 N. Damen St., Chicago, Ill. 
Newcomb Audio Products Co., 2815 S. 

Hills St., Los Angeles, Cal. 
Operadlo Mfg. Co., St. Charles, Ill. 
Millen Radio & Television Corp., Tioga & 

C Sts., Philadelphia, Pa. 
Radio Recepter Co., 251 W. 19th St., New 

York, N. Y. 
Rauland Corp., 4245 N. Knox Ave., Chi-

cago, Ill. 
RCA Mfg. Co., Camden, N. J. 
Regal Amplifier Mfg. Corp., 14 W. 17th 

St., New York, N. Y. 
Select-O-Phone Co., 1012 Eddy St., Pro-

vidence, R. I. 
Setchell Carlson, Inc.. 2233 University 

Ave., St. Paul, Minn. 
Signal Engrg. & Mfg. Co., 154 W. 14th 

St., New York, N. Y. 
Talk-A-Phone Mfg. Co., 1219 W. Van 

Buren St., Chicago, Ill. 
Transformer Corp. of America, 69 Woos-

ter St., New York, N. Y. 
Webster Electric Co.. Clark & De Koven 

Aves., Racine, Wis. 
Western Sound & Electric Laboratories. 

Inc., 311 W. Kilhourn Ave., Mil-
waukee, Wis. 

Zenith Radio Corp., 6001 Dickens Ave., 
Ilicago, Ill. 

Irons  
ELECTRIC SOLDERING IRONS 

Acme Electric Ileating Co., 1217 Wash-
ington St., Boston, Mass. 

Adrola Corp., Adrola Bldg., Port Jefferson, 
N. Y. 

All Rite Co., Morgan & First Sts., Rush-
ville, Ind. 

American Electrical Heater Co., 6110 
Cass Ave., Detroit, Mich. 

Brach Mfg. Corp., L. S., 55 Dickerson St., 
Newark, N. J. 

Cole Radio Works, 86 Westville Ave., 
Caldwell, N. J. 

Dominion Electrical Mfg. Co., 22 Elm St., 
Mansfield, Ohio 

Drake Electric Works, 3656 Lincoln Ave., 
Chicago, Ill. 

Dual Remote Control Co.. 31776 W. War-
ren St., Wayne, Mich. 

Eagle Electric Mfg. Co., 59 Hall St., 
Brooklyn, N. Y. 

Electric Soldering Iron Co., 205 W. Elm 
St., Deep River, Conn. 

General Electric Co., Schenectady, N. Y. 
Hexacon Electric Appliance Corp.. 163 W. 

Clay Ave., Roselle Park. N. J. 
Ideal Commutator Dresser Co., 1631 Park 

Ave., Sycamore, Ill. 
Insuline Corp. of America, 30-30 North-

ern Blvd., Long Island City, N. Y 
Jackson Electro Corp., 625 Broadway, 

New York, N. Y. 
Kay Co., J. H., 121 Second St., San Fran-

cisco, Cal. 
Landers, Frary te Clark, 47 Center St., 

New Britain, Conn. 
Ie-nk Mfg. Co., Newton Lower Falls, 

Mass. 

D-31 



The most efficient combination 
for 200-wall TV translators 

CAVITIES 
TH 18122 175.225 MHz 

TH 18152 470.860 MHz 

TRIODE TH 338 

THOMSON-CSF offers a complete range 
of tubes and cavities 
from 20W up to 2 kW for TV equipment 
with common amplification 
of video and sound signals. 

110 

TFIOMSON-CSF 
THOMSON-CSF ELECTRON TUBES, INC. / 50 ROCKEFELLER PLAZA / NEW YORK, N.Y. 10020 / TEL. (212) 489.0400 
France - THOMSON-CSF Groupement Tubes Electroniques / 8. rue Chasseloup-Laubat / 75737 PARIS CEDEX 15 / Tel 566 70.04 
Germany - THOMSON-CSF Elektronenrghren GmbH / Am Leonhardsbrunn 10 / 6 FRANKFURT/MAIN / Tel. 7020.99 
Italy - THOMSON-CSF Tubi Elettronici SRL / Viale degli Ammiragli 71 / ROMA / Tél. 638 14.58 
Japan - THOMSON-CSF Japan K.K I Kyosho Building / 1-9-3 Hirakawa-cho f Chiyoda-ku / TOKYO / i 102 / Tel. (03) 264.6341 
Sweoen - THOMSON-CSF Elektronrcir AB / Box 27080 / S 10251 STOCKHOLM 27 I Tél. 108) 22 58.15 
United Kingdom - THOMSON-CSF Electronic Tubes Ltd / Béton House. Uxbridge Road. Ealing / LONDON W 5 2TT / Tel. (01) 570 55.11 I Telex 25 659 
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kikONOLITHICS 

New products 

Communications 

Tone encoder's 
distortion is low 

Module for phone uses 

also minimizes variations 

in output amplitude 

Telephone-tone encoders, which are 
frequently merely oscillators to 
which logic, switching, amplifiers, 
and other components have been 
added, have been plagued by such 
problems as a high level of distor-
tion and wide variations in output 
amplitude. Now, Frequency Devices 
Inc., Haverhill, Mass., has intro-
duced the model 510 telephone 
tone-encoder module, which con-
tains all the necessary components 
and keeps distortion and variations 
in output-amplitude low. 
The encoder, which is used to 

produce frequencies for automatic 
dialing of Touch Tone telephones, 
as well as telephone-test equipment 
and data-communications systems 
that transmit over telephone lines, 
consists of two separately program-
able oscillators, twc separate gating 
circuits, and an output-summing 
amplifier. 

Alan E. Schutz, director of engi-
neering, says the 510 uses one re-
sistor-capacitor oscillator to produce 
low-tone and one to produce high-
tone frequencies, which—when com-
bined with a novel filter technique— 
hold distortion to only 1%. Oscilla-
tor one produces four frequencies of 
697 hertz, 770 Hz, 852 Hz, and 941 
Hz, while oscillator two produces 
frequencies of 1,029 Hz, 1,336 Hz, 
1,446 Hz, and 1,633 Hz, the fre-
quencies used by the Bell System. 
Each tone consists of a combination 
of one high and one low frequency, 
so the 510 can produce a total of 16 
tone pairs. 

Both frequencies and output gat-
ing are externally programable with 
TTL-compatible logic inputs that 
drive internal semiconductor 
switches. Six digital bits produce the 
desired frequency: two bits control 

the output of oscillator one, two bits 
control oscillator two, and two bits 
gate the oscillator outputs to the 
output-summing amplifier. 

Schutz says most encoders don't 
have any gates, but the Frequency 
Devices unit uses two gates—one for 
each oscillator. Tones are produced 
in bursts. The Bell System requires 
50 milliseconds of tone and 50 ms of 
silence, and the gates are used to 
turn off the tone. With two gates, 
both oscillators can be reached, or 
one oscillator can be gated to test 
decoders at the other end of the line. 
The two gates can also be tied to-
gether to look like one gate. 
Amplitude is 2.4 volts rms from 

each oscillator, amplitude stability is 
1 decibel, and output impedance is 
10 ohms. Output is protected 
against short circuits. The oscillators 
settle to frequency within half a 
cycle after they are switched; the 
amplitude-transient-time constant is 
10 ms. 
Since the gating controls do not 

introduce transients in the oscillator 
outputs, the amplitude and fre-
quency transients can be eliminated 
by gating the outputs off before 
switching frequencies and gating 
them back on after the transients 
are over, an operation that takes 15 
ms. Output-gating isolation is typi-
cally 70 dB when the output gates 
are off, enabling the receivers to re-
spond to a wide amplitude of fre-
quencies. Frequency tolerance is set 
to better than 0.2% and is better 
than 1% over the range of 0°C to 
70°C. 
The module measures 2 by 3 by 

0.4 inches and requires supplies of 
±-15 volts at 10 milliamperes, and 
+ 5 v at 40 mA. Price of the 510 is 
$85 each in quantities of 1 to 9 and 
$55 each in lots of 100. Delivery 
time is stock to two weeks. 
Frequency Devices Inc., 24 Locust St., Hav-
erhill, Mass. 01830 [371] 

Touch Tone frequencies 

select remote relays 

The CM7200 line of tone-keyed re-
ceivers allows one or more remote 
relays and similar on-off devices to 

THE X-Y EFFECT 

Recently, 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 earliest 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, which, based on performance 
and cost, has gained outstanding 
market acceptance. Our custom mon-
olithics helped. 

T. 

Not every new product requires 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 shipped 
from stock. Later we were able to 
speed his first production run by sup-
plying several hundred of the same 
standard model filter in less than 
four weeks. In addition to saving 
time, customer Y was able to take 
advantage of standard model engi-
neering and pricing for his require-
ment, which eventually totaled a very 
modest, but highly successful, 1500 
units 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 :apacity 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. 

UI 
Plezo Technology Inc. 
2400 Diversified Way 
Orlando. Florida 32804 
305425-1574 

The Standard in monolithic 
crystal filters. 
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GOOD 

Choosing the right cassette is easy 
... if you have a choice. CONRAC 
gives you 3 excellent cassette series 
so you specify the right one for your 
application. 

• D Series—standard polystyrene 
case—good low cost applications 
with standard requirements. 

• F Series—Glass-metal filled plas-
tic case. Premium performance, 
general purpose digital cassette 
built to ANSI/ ECMA standards. 

• CM Series—metal computer 
grade case. Total performance 
ANSI/ ECMA. Tape density 800 bpi 
or 1600 FCI. Speeds read/write 
50 IPS, search 300 IPS. 

Write for descriptive literature. 

CORAC 
CORPORATION 

CRAMER DIVISION 

Mill Rock Rd., Old Saybrook, Conn. 06475 
(203) 388-3574 

New products 

be selected and actuated from an or-
dinary Touch Tone telephone set. 
Touch Tone frequencies can be de-
coded or not, depending on the ap-
plication. The short-circuit-pro-
tected output can drive relays or 
TTL/C-MOS circuits. The CM2700 re-
ceivers are immune to voice inter-
ference, due to use of adaptive am-
plitude-ratio control and multiple 
timing circuits. According to the 
company, the interference level is 
about 100 times lower than in most 
other receivers. Prices of the units 
start at $150 in quantities of 100. 
Mitel Canada Ltd., 39 Leacock Way, Kanata, 
Ont, Canada [373] 

Transmission/noise tester 

includes an oscillator 

The model 1110A transmission/ 
noise test set measures transmission 
level, frequency, metallic noise, 
notched noise, and noise to ground. 
The unit includes a tunable oscilla-
tor and offers two digital displays 
for simultaneous measurement of 
the level and frequency of an in-
coming test tone. Transmit circuitry 
is separate from the receiver cir-
cuitry, so the 1110A can send test 
tones at the same time it is measur-

ing the signal being received. 
Telecommunications Technology Inc., 555 

Del Rey, Sunnyvale, Calif. 94086 [375] 

Modem operates 

to 1,800 bits per second 

A multispeed synchronous modem, 
the model 1800S, offers six strap-se-
lectable operating rates of 1,800, 
1,200, 900, 600, 300, and 150 bits 
per second. The modems operate in 
half-duplex, full-duplex, or simplex 
mode over dedicated lines or dial 
networks using data couplers. A 
narrow-band carrier detector in the 
1800S can be strapped to respond 

only to a mark tone from the remote 
modem or to both mark and space 
tones. The 1800S is built on a single 
printed-circuit card. 
Penril Data Communications Inc., 5520 Ran-

dolph Rd., Rockville, Md. 20852 [374] 

Transmission-test set 

measures audio systems 

The model 12C, a solid-state trans-
mission-test set, measures trans-
mission gain or loss, line noise, and 

• . • e • • • • • • 

distortion in audio-frequency sys-
tems. The unit provides direct read-
ings of the audio-frequency charac-
teristics of passive or active 
components, such as amplifier trans-
mission lines, networks, filters, 
transformers, and attenuators. The 
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If 
you 

think all card 
readers 

are alike... 

take a look 
at 

CONRAC 
Take a good, long look before you 
specify... check and compare all the 
features offered by the CONRAC 
A-31 Series Magnetic Card Reader. 
Here are only a few: • Read or write 
on Standard Magnetic Cards • In-
dustry Compatible Credit Cards— 
IATA, ABA, THRIFT, NTT • Card re-
mains stationary and visible at all 
times—minimizing chances of card 
loss, damage or jamming • Card-in-
place switch—insures proper inser-
tion of card before operation • USA 
designed and made for OEM appli-
cations requiring rugged, long life 
• All this plus more and it's one of 
the lowest priced. 500 

Write For Descriptive Literature. 

CORAC 
CORMRATION 

CRAMER DIVEMON 

Mill Rock Road, Old Saybrook, Conn. 06475 
(203) 388-3574 

New products 

model 12C has a variable-frequency 
oscillator that covers from 5 hertz to 
55 kilohertz in four ranges. 
Edison Electronics division, McGraw-Edison 
Co., Grenier Field, Manchester, N.H. 03103 
[380] 

Vhf/uhf receiver system 

designed for surveillance 

The model RS-180A receiving sys-
tem, designed for surveillance and 
frequency-management appli-
cations, offers a-m and fm reception 
from 20 to 1,000 megahertz. The 
customer can select a single i-f 
bandwidth for each receiver. In the 
20- to 80-MHz range, i-f bandwidths 
of 10, 20, and 50 kHz are available; 
over the 30- to 250-MHz range, one 

of five bandwidths can be selected, 
and seven bandwidths can be se-
lected between 220 and 1,000 MHz. 
The system is available with equip-
ment frames for mounting six or 12 
receivers. 
Watkins-Johnson Co., 3333 Hillview Ave., 
Palo Alto, Calif. 94304 [379] 

Responders are used in 

trunk-transmission testing 

Code 105 responders, for use in 
automatic trunk-transmission test-
ing, are designated the 1050 series. 
They are compatible with ATMS, 
Trace, Carot, or equivalent control-
lers. They will measure 1,000 hertz 
and transmit 1,000 hertz to the mea-
suring unit. The responders provide 
two-way noise and transmission 
measurements on trunks and are 
easy to install. 
Northeast Electronics Corp., Airport Rd., 
Concord, N.H. 03301 [378] 

We've made 
a 

great tape 
transport 
a lot better. 

take a look 
at 

CONRAC 

Now, there's no reason for you to 
"trade-off" when specifying an audio 
cassette tape transport... not if you 
specify the Conrac CAS-4. Here are 
only a few reasons why: • USA de-
signed and manufactured • 3 motor 
design • No mechanical clutches or 
brake bands required • Designed for 
remote control • OEM priced. 501 

Write for descriptive brochure 

COAC ORPhOMFI:IAITION 

CRAEARR CIVIMON 

Mill Rock Road, Old Saybrook, Conn. 06475 
(203) 388-3574 
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Pro-Log 
Eliminates 
Hard Wired 

Logic 

Our 4-bit microprocessor system 
can replace a rack full of your 
TTL chips. You'll save design 
time and production costs. No 
big redesign jobs for options or 
changes because the logic is 
stored in reprogrammable 
ROMs. Our programmed logic 
systems are available now, off 
the shelf. 

Our PLS-401 microprocessor 
system costs less than $400 
in a quantity of one, with 
substantial OEM discounts. 
Plus we've got all the support 
you need: Design manuals, 2-day 
intensive design course, ROM 
Programmers, System Testors, 
special interface cards and 
support hardware to make your 
system go together smoothly. 

and Mini 
Computers 
Our MPS-800 microprocessor 
systems are modular production 
systems with mini-computer 
features such as: Expandable 
RAM, DMA, and 8 level priority 
interrupt. From under $950 in 
a quantity of one with RAM. We 
have special interface cards and 
support hardware. 

Micro Processor 
Systems from 

Pro-Log 

852 Airport Road 
Monterey, Calif. 93940 

(408) 372-4593 

New products/materials  

A line of Eccoamp electrically con-
ductive adhesives, coatings, and 
casting resins has a conductivity 
lower than that of metals and offers 
certain advantages, the company 
says, over metallic conductors. 
These include: easier bonding to 
metals such as nichrome and alumi-
num in soldering applications and 
elimination of the need for high-
temperature bonding. The products 
are said to have high thermal con-
ductivity in comparison with most 
plastic materials. 
Emerson & Cuming Inc., Canton, Mass. 

02021 [476] 

A potting and sealing compound 
called Nordbak cures in four min-
utes at 200°F. Available in one 
package, the material is suited for 
production-line use in temperature-
sensitive devices. It remains stable 
at room temperature for six months 
or more. Nordbak epoxy 9945 has a 
viscosity of 14,000 centipoise per 
second at 25°C and, when cured, it 
gives a tensile strength of 3,000 
pounds per square inch. 
Rexnord, Nordberg Machinery Group, 

Brookfield, Wis. 53005 [477] 

Clad-a-five is the designation for a 
combination of micro-thin copper 
foil and a standard epoxy-glass lam-
inate that adapts to existing printed-
circuit production methods. The 
base material requires less etch time 
than other laminates, the company 
says, and breakdown is less likely. 
The material makes possible 5-mil 
lines with 5-mil spacing. In addition, 
ragged edges and solder slivers are 
eliminated. 
Fortin Laminating Corp., 1323 Truman St., 

San Fernando, Calif. 91340 [478] 

A low-alloy gold electroplating pro-
cess specifically developed for 
printed-circuit boards, contacts, 
switches, and electronic components 
is called Autronex SN80. The acid-
type process produces white tin-gold 
coatings with a hardness range from 
160 to 240 knoop. The process will 
also maintain an 80% gold purity in 
deposits under normal electroplat-
ing-control procedures. 
The Sel-Rex Co., 75 River Rd., Nutley, N.J. 

07110 [479] 

HUTSON 
INDUSTRIES 

SCR's 
ELECTRICALLY 
ISOLATED 
1/2" PRESS-FIT series 

IT (RMS) 6 A to 35 A 

VDROM 50V to 600V 
(800V Available on 

some serles) 

Two new additions to 
Hutson's 1/2" PRESS-
FIT series. Isolated 
PRESS - FIT and stud 
mount with BE0 insula-
tors for greatly improv-
ed thermal character-
istics. 
All 1/2" PRESS-FIT de-
vices feature Hutson's 
unique construction and 
void - free glass passi-
vated center gate chips. 
Call or write for com-
plete information. 

)Box 34235 • 2019 W Valley View 
Dallas. Tex. 75234 (214) 241-3511 
TWX 910-880-5537 

Distributed by: 
U S A BODELLE CO . INC 

Chicago. III 312/468-1016 
THOR ELECTRONICS 
Elizabeth. NJ 201/354-2430 

In Canada 
SEMAD ELECTRONICS 
Downsytew. Ontario 
416/634-9880 

Hutson Industries 
International 
30 Rue Pierre Semard. Yerres. 
91 France. Tel Pans 925-8258 
TELEX 21-311 

In Europe: 
Belgium C N ROOD S A. Brus-
sels 02-352135 Denmark E V 
Johanssen A/S. Copenhagen 
(01)* 295622 Norway (NTELCO. 
Oslo. 47 2 207451 Spain BEL-
PORT. Madrid 234 62 62. Swe-
den ELEKTROFLEX. Sundy-
berg 08-28-9290. Switzerland 
D LEITGEB. Dubendorf 051 85 
9666 UK CLAUDE LYONS. 
LTD . Hoddeston. Hertfordshire 
(09924) 67161 
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HEADQUARTERS — Applications Mgr.: Mr. Julius Hertsch; 
MOS Technology, Inc., Norristown, Pa. 19401 

CENTRAL REGION — MOS Technology, Inc., 838 S. Des Planes 
St., Chicago, Illinois 60607 • (312) 922-0288 

EASTERN REGION — Mr. William Whitehead, Suite 307 — 88 
Sunnyside Blvd., Plainview, N.Y. 11803 • (516) 822-4240 

WESTERN REGION —MOS Technology, Inc., 2172 Dupont Dr., Suite 
221, Patio Bldg , Newport Beach, Calif. 92660 • (714) 833-1600 

a proud affiliate of 

ALLEN-BRADLEY 

WE'VE TURNED A TECHNOLOGY INTO A COMPANY 

MO= 
MOS TECHNOLOGY, INC. 
VALLEY FORGE CORPORATE CENTER, NORRISTOWN, PA. 19001 12151 666.7950 
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custom-pick 
your options 
in this family 
of enclosed 
IA amp 1/2 inch 
switches from 
Grayhill 

ild 111 

4tA--

'It '1"iir 

Value engineered 
to compete in price 
and out-perform 
open wafers 

la 10 or 12 positions, 1 to 6 poles, 
up to 12 decks. 

al Options include concentric shaft, 
adjustable stop, PC terminals 
all out one side, and 1/8" or 1/4 " 
shafts 

• Ideal for instruments, medical 
electronics, avionics, mobile 
communications, and many 
more applications. 

From Grayhill's capability at insert 
molding technology and value 
engineering emerges this miniature 
switch family that provides the 
performance benefits of enclosed 
construction at price levels 
associated with open-wafer. No 
compromise in materials—even 
gold plated contacts and diallyl 
phthalate insulation—in this 
"best switch for the money" you're 
likely to find anywhere. For 
information on these Series 71 
switches, consult EEM or write 
for engineering data. 

561 Hillgrove Avenue • LaGrange. Illinois 60525 
(312) 354-1040 

New literature 

Semiconductor coolers. Wakefield 
Engineering Inc., Audubon Rd., 
Wakefield, Mass. 01880. A short-
form catalog describes products for 
cooling semiconductors. These in-
clude heat sinks for single- or mul-
tiple-device mounting, cup clips for 
mounting TO-5 or TO-18 cases to 
chassis or heat sinks, clamps, bus 
blocks and plates, aluminum extru-
sions, thermal joint compounds, and 
conductive epoxy. Circle 421 on 
reader service card. 

Miniature connectors. A six-page 
catalog from B & W Associates Inc., 
21 B Street, Burlington Mass. 01803, 
provides information on a line of 
miniature precision connectors for 
coaxial and strip transmission lines. 
The catalog gives information on 
semirigid, flexible and stripline ver-
sions. [422] 

Terminal inserter. Molex Inc., 2222 
Wellington Ct., Lisle, Ill. 60532, has 
issued a brochure describing auto-
mated equipment for inserting ter-
minals in printed-circuit boards. De-
scribed are the company's vibrator 
multipinsetter and a single pinsetter. 
[423] 

Potentiometers. A guide to poten-
tiometers and variable resistors is 
available from Electrical Research 
Association, Cleeve Rd., Leather-
head, Surrey, England. More than 
2,000 components from 100 differ-
ent manufacturers are covered by 
specifications, charts and tables. 
Price is about $50. [424] 

Bobbin coil winder Stevens Manu-
facturing Co., 6001 N. Keystone 
Ave., Chicago, Ill. 60646. Technical 
bulletin 74A describes an automatic 
production machine that winds all 
types of multilayer random-wind 
bobbin coils and single-layer sole-
noids up to 4 inches in diameter and 
up to 2 in. long that use wire sizes 14 
to 40. [424] 

Rectifiers. A line of 800-ampere 
Hockey-Puk power silicon rectifiers, 
the 801PD and 801PD-B series, is 
described in a data sheet available 
from the Semiconductor division, 

$500* 

BALANCED 

MIXER 
MODEL MD-108 

• DC - 500 MHz 

• 7dB Conversion Loss 

• 30dB Isolation 

• 8 - Pm Relay Header 

• 500 piece qty. 1-49 pieces 157.00) 
50-499 pieces ($6.00). 

anzac 
EH( TRONICS 

39 Green Street, Waltham, Mass. 

(617) 899-1900 • TWX 710-324-6484 

Circle 201 on reader service card 

DON'T BE A FUEL WASTER! 

Get a 
VESPA! 

Scoot to work on a Vespa and get 
over 100 miles per gallon. Safe, 
maneuverable, easy to park. Low-
cost maintenance. Choose from 
five handsome models. 

Check Yellow Pages for Vespa 
dealer or write to: 

MR. SHORT 

WESTERN SCOOTER DISTRIBUTORS 

1599 Custer Ave. • San Francisco, Ca. 94124 

The tun way to go' 
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65601 
310 
The 3101A now has a real second source. The 
new 6560/310IA 64-bit RAM is just one of an 
expanding family of Random Access Memories 
from MMI. 

You know the 3101A; now meet the 6560N/3101A. 
35ns access time. Plastic package. And a new, 
lower price. $4.50 (100-999). 

Also meet the new 656IN, a 3101A with three-
state logic outputs. This commercial part (0°-
70°C), with 35ns access time, also comes to you 
at the same low price. $4.50 (100-999). 

BIT RAM 
And mil versions of the 3101A, too: the 5560D 
open collector and 5561D three-state version. 
Both feature a ceramic package, 5Ons access time 
and the same low price: $8.00 (100-999). 
Call your nearest MMI field sales office, rep or 
franchised distributor and give him your P.O. 
number. If you don't remember 6560, just ask 
for it by its last name. Monolithic Memories, 
Inc., 1165 East Argues Avenue, Sunnyvale, Cali-
fornia 94086, (408) 739-3535/TWX 910-339-9229. 

Monolithic Memories, Inc. riE 
EASTERN AREA SALES OFFICE: (617) 653-3158 • NEW ENGLAND REGION: (617) 475-8883 • NEW YORK REGION: (607) 748-3211 • CENTRAL AREA SALES OFFICE: 

(317) 844-3241 • MINNEAPOLIS REGION: (612) 922-9122 • WESTERN AREA SALES OFFICE: (714) 556-1216 
Repeascudug your best bay la memoriam ALABAMA, Huntsville (205) 539-1771; ARIZONA, Phoenix (602) 264-7971; CALIFORNIA, San Diego (714) 743-3015: Palo Alto (415) 

71: COLORADO. Denver (303) 423-1020; CONNECTICUT, North Haven (203) 239-9762: FLORIDA, Orlando (305)423-7615; ILLINOIS. Chicago (312) 593-0200; INDIANA, 
Ft. Wayne (219) 7444331; IOWA. Cedar Rapids (319) 39343703; KANSAS, Kansas City (913) 236-4646; KENTUCKY, Louisville (502) 893-7303; MARYLAND, Baltimore (301) 
825-33»; MASSACHUSETTS, Boston (617) 444-2484; MICHIGAN, Detroit (313) 358-M; Grand Rapids (616) 451-8901; MINNESOTA, Minneapolis (612) 929-6721; MISSOURI, 
St. Louis (314) 432-2830; NEW JERSEY, Teaneck (201) 692-0200; NEW YORK, N.Y.C./L.I. (201) 692-0M0; NORTH CAROLINA, Raleigh (919) M4-6591; OHIO, Cincinnati (513) 
521-2290; Dayton (513) 298-9546; Cleveland (216) 228-7525; PENNSYLVANIA, Willow Grove (215) 674-3850; Pittsburgh (412) 242-0100; TEXAS, Dallas (214) 239-9148; Houston 

(713) 721-1054; WASHINGTON. Seattle (206) 455-2778; WISCONSIN, Waukesha (414) 786-6330. 
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automatic 
transfer 

standards 

 tour 
The 1600A Auto-Balance AC/DC Transfer 
Standard. Precise repeatable measurements 
every 30 seconds. Traceable to NBS. Takes 
tedium and guesswork out of 100 ppm 
transfer measurements in Lab, QA and 
production. 

0.25 V to 1 kV rms, dc to > 100MHz: $3950 

t re Bp o B 9 ailantip B N e Laboratories, 07 ries,Inc. 
ew  ersey  805 

,fflie 201-335-09CO. TWX 710-987-8380 

Circle 174 on readerservice card 

Own your own holder to hold your own! 
Hold your own copies of Electronics in specially de-

signed slipcase holders. They'll keep your Electronics 
library neat and handy—a permanent information file, 
issue by issue. 
Just complete the coupon and mail to Jesse Jones. 

He'll process your order upon receipt, postpaid. 

ELECTRONICS BOXER 
Jesse Jones Box Corporation 
2250 E. Butler St., Philadelphia, Pa. 19137 

Please send me: D boxes $4.25 each; D 3 boxes e $12.00; p 6 boxes @, $22.00. 
My check or money order is enclosed. 

Name'  

Address'  

City  -

MAGNETIC INSTRUMENTATION 

Gaussmeters • Fluxmeters 

k!S 

Magnetizers • Stabilizers • Demagnetizers 

Automatic Magnet Processing Systems 

Alnico Permanent Magnets • El Laminations 

Thomas B. Skinner! Ina 
1120 East 23rd Street, Indianapolis, Indiana 46205 • 923-2501 

New literature 

International Rectifier Corp., 233 
Kansas St., El Segundo, Calif. 90245 
[425] 

Relays. Solid State Electronics 
Corp., 15321 Rayen St., Sepulveda, 
Calif. 91343. A 32-page catalog de-
scribes the company's line of relay 
and choppers (analog switches) in-
cluding reed relays, choppers, and 
chopper drivers. [426] 

Substrate cutter. A revised edition 
of product bulletin 5000 from 
Aremco Products Inc., Box 429, Os-
sining, N.Y. 10562, describes the 
Accu-Cut 5000 substrate-cutting 
system. The brochure provides in-
formation on a new vacuum-hold-
ing fixture used to permit scribing of 
silicon wafers. [427] 

Circulators. Trak Microwave Corp., 
4726 Eisenhower Blvd., Tampa, Fla. 
33614, has issued a catalog describ-
ing the company's line of circulators 
and other ferrite products. [428] 

Rotary switches. An engineering 
handbook on miniature rotary 
switches is being offered by RCL 
Electronics Inc., 700 S. 21st St., Ir-
vington, N.J. 07111. Included are 
layout diagrams for pc-terminal 
switches, millimeter conversions, 
and charts. [429] 

Card-edge connectors. Elco Corp., 
Maryland Rd. and Computer Ave., 
Willow Grove, Pa. 19090, has pub-
lished a catalog describing press-fit 
card-edge connectors. [430] 

DIP inserter. Synergistic Products 
Inc., 1902 McGaw Ave., Irvine, 
Calif. 92705. The EconoDip line of 
automated DIP-insertion machines is 
described in a data sheet, which 
provides specifications and general 
information. [431] 

Materials. Emerson & Cuming Inc., 
Dielectric Materials division, Can-
ton, Mass. 02021. A brochure de-
scribing the Eccoamp line of electri-
cally conductive products gives 
properties and applications for 11 
types of conductive solders and ad-
hesives, six types of coatings, and a 
conductive casting resin. [432] 
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See the latest in 
electronic components from the 
Soviet Union at the IEEE Show-
March 25-28. Booths 1100 thru 1110 

For the first time in New York V/O ELECTRON-
ORGTECHNICA will be exhibiting electron 
tubes, semiconductor devices, integrated circuits, 
resistors, capacitors, ferrite articles, and many 
other electronic components. 
VIO ELECTRONORGTECHNICA is the Soviet 

foreign trade organization responsible for the ex-
port and import of electronic equipment, devices 

and components produced by the USSR elec-
tronics industry. Every assistance is rendered to 
purchasers in design, engineering and assembly as 
well as the establishment and performance of 
maintenance service including the supplying of 
qualified personnel when required. You will find 
the "MADE IN USSR" label means RELIABILITY, 
DURABILITY AND QUALITY. 

VIO ELECTRONORGTECHNICA Moscow G-200, USSR Telex: 7586 Tel.: 251-39-46 
Cable: ELORG MOSCOW 200 

Our agents, observing their 50th year in the U.S. are: 
Amtorg Trading Corporation, 355 Lexington Avenue, New York, New York 10017 

Electronlcs/March 21, 1974 
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(Electronic Equipment) 

Northern Electric Co., 5221 N. Xedzie 
Ave., Chicago, Ill. 

Ohio Art Co., Bryan, Ohio 
Samson-United Corp., 8 Jones St., hoches-

ter, N. Y. 
Stanley Tools, Div. of Stanley Works, 

New Britain, Conn. 
Sta-Warm Electric Co., 565 N. Chestnut 

St., Ravenna, Ohio 
Suttie Equipment Co., Lawrenceville, Ill. 
Trent Co., Harold E., 65th St. & Wyalus-

ing Ave., Philadelphia, Pa. 
Vasco Electrical Mfg. Co., 4116 Avalon 

Blvd.. Los Angeles. Cal. 
Vulcan Electric Co., 600 Broad St., Lynn. 

Mass. 
Ward Mfg. Co., 1813 Winona Ave.. Chi-

cago, Ill. 
Wellmade Electric Mfg. Co.. Railroad Sq. 

& Church St., Torrington, Conn. 

Meters  
LIGHT METERS 

American Instrument Co., 8010 Georgia 
Ave.. Silver Spring, Md. 

Applied Research Laboratories, 1208 San 
Julian St., Los Angeles, Cal. 

Cambridge Instrument Co., Grand Central 
Terminal, New York, N. Y. 

Central Scientific Co.. 1700 Irving Park 
Blvd., Chicago, III. 

De Jur-Amsco Corp., 6 Bridge St., Shelton, 
Conn. 

Gaertner Scientific Corp., 1201 Wright-
wood Ave., Chicago, Ill. 

General Electric Co., Schenectady, N. Y. 
Jarrell-Ash Co., 165 Newbury St., Boston, 

Mass. 
Leeds & Northrup Co., 4970 Stenton Ave., 

Philadelphia, Pa. 
Luxtrol Co., 54 W. 21st St., New York, 

N. Y. 
Parr Instrument Co., 222 52d St., Moline, 

Pfaltz & Bauer, Inc., 350 Fifth Ave., New 
York, N. Y. 

Phipps & Bird, Inc., Richmond, Va. 
Photovolt Corp., 95 Madison Ave., New 

York, N. Y. 
Pho-Tron Instrument Co., 5713 Euclid 

Ave., Cleveland, Ohio 
Rubicon Co., 3751 Ridge Ave., Philadel-

phia, Pa. 
United Cinephone Corp., Torrington, Conn. 
Welch Mfg. Co., W. M., 1515 Sedgwick 

St., Chicago, Ill. 
Weston Electrical Instrument Corp., 614 

Frelinghuysen Ave., Newark, N. J. 
Zeiss, Inc., Carl, 485 Fifth Ave., New 

York, N. Y. 

TIME METERS 

American Time Products, Inc., 580 Fifth 
Ave., New York. N. Y. 

Cramer Co., R. W. Centerbrook, Conn. 
Electric Tachometer Corp.. 1354 Spring 

Garden St., Philadelphia. Pa. 
Esterline-Angus Co., (Speedway City) 

Indianapolis, Ind. 
General Electric Co., Schenectady, N. Y. 
Jaeger Watch Co., 304 E. 45th St., New 

York, N. Y. 
National Instrument Co., 44 School St., 

Boston, Mass. 
Paragon Electric Co., 37 W. Van Buren 

St., Chicago, EL 
Rawson Electric Instrument Co., 102 

Potter St., Cambridge, Mass. 
Thompson Clock Co., H. C., 38 Federal 

St., Bristol, Conn. 
Warren Telechron Co., Homer Ave., Ash-

land, Mass. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 

Machines  
COIL WINDING MACHINES 

Armature Coil Equipment, Inc., 2605 Vega 
Ave., Cleveland, Ohio 

Chapman Electrical Works, P. E., 1820 
Chouteau Ave., St. Louis, Mo. 

Conran, Frederick M., 107 Colden St., 
Newark, N. J. 

Eisler Engrg. Co., 770 S. 13th St., Newark, 
N. J. 

Electric Service Supplies Co., 17th & 
Cambria Sts., Philadelphia, Pa. 

General Electric Specialty Co., 184-01 
Hillside Ave., Hollis, N. Y. 

Guthman & Co., Edwin I., 400 S. Peoria 
St., Chicago, Ill. 

D-32 

1942-1943 BUYER'S GUIDE for the 

Ideal Commutator Dresser Co., 1631 Park 
Ave., Sycamore, Ill. 

Potter & Hayfield, Inc., Hemphill Ave., 
Atlanta, Ga. 

Seifert, Inc., E. R., 315 E. Washington 
St., Syracuse, N. Y. 

Universal Winding Co., 1655 Elmwood 
Ave., Providence, R. I. 

Viking Tool & Machine Co., Mill & Main 
its., Belleville, N. J. 

TUBE MANUFACTURING MACHINES 

Eisler Engineering Co., 751 S. 13th St., 
Newark, N. J. 

Kahle Engineering Corp., 1307 Seventh 
st.. North Ilergen, N. J. 

Micrometers  
ELECTRONIC MICROMETERS 

Sensitive Research Instrument Corp., 4545 
Bronx Blvd., New York, N. Y. 

Televiso Products, Inc., 2400 N. Sheffield 
Ave., Chicago, Ill. 

Microscopes  
ELECTRON MICROSCOPES 

RCA Mfg. Co., Camden, N. J. 

Monitors 
BROADCASTING MONITORS 

Doolittle Radio, Inc., 7421 S. Loomis 
Blvd., Chicago, Ill. 

Du Mont Laboratories, Inc., Allen B., 
2 Main Ave., Passaic, N. J. 

General Electric Co., Schenectady, N. Y. 
General Radio Co., 30 State St., Cam-

bridge, Mass. 
Howard Radio Co., 1731 Belmont Ave., 

Chicago, Ill. 
Radio Engineering Laboratories, Inc., 

35-54 36th St., Long Island City, 
N. Y. 

RCA Mfg. Co., Camden, N. J. 

Phonographs  
ELECTRIC PHONOGRAPHS and 

RECORD PLAYERS 

Amplifier Co. of America, 17 W. 20th St., 
New York, N. Y. 

Ansley Radio Corp., 21-10 49th Ave., Long 
Island City, N. Y. 

Autocrat Radio Co., 3855 N. Hamilton 
Ave., Chicago, Ill. 

Calvert Motors Associates, Ltd., 1028 
Linden Ave., Baltimore, Md. 

Chicago Sound System Co., 2124 S. Michi-
gan Blvd., Chicago, 111. 

Cinematone Corp., 1107 N. Highland Ave., 
Hollywood, Cal. 

Columbia Recording Corp., 1473 Barnum 
Ave., Bridgeport, Conn. 

Continental Radio & Television Corp., 3800 
Cortlandt St., Chicago, Ill. 

Decca Records, Inc., 50 W. 57th St., New 
York, N. Y. 

D-X Radio Products Co., 1575 Milwaukee 
Ave., Chicago, Ill. 

Dynavox Corp., 55 E. 11th St., New York, 
N. Y. 

Electro Acoustic Co., 2131 Bueter Rd., 
Fort Wayne, Ind. 

Emerson Radio & Phonograph Corp., 111 
Eighth Ave., New York, N. Y. 

Espey Mfg. Co., 305 E. 63d St., New 
York, N. Y. 

Farnsworth Television & Radio Corp., 
3700 Pontiac St., Fort Wayne, Ind. 

Gabel Mfg. Co., John, 1200 W. Lake St., 
Chicago, Ill. 

Garrard Sales Corp., 296 Broadway, New 
York, N. Y. 

Gibbs & Co., Thomas B., 900 W. Lake 
St., Chicago, Ill. 

Harris Mfg. Co., 2422 W. Seventh St., 
Los Angeles, Cal. 

Herbert Corp., 600 N. Albany, Chicago, 

Magnavox Co., 2131 Bueter Rd., Fort 
Wayne, Ind. 

Majestic Radio & Television Corp., 2600 
W. 50th St., Chicago, Ill. 

Marconiphone, Inc., 679 Madison Ave., 
New York, N. Y. 

Meek Industries, John, 1313 W. Randolph 
St., Chicago, 111. 

Miller Co., J. W., 5917 S. Main St., Los 
Angeles, Cal. 

Mills Novelty Co., 4100 Fullerton Ave., 
Chicago, Ill. 

Music Master Mfg. Co., 508 S. Dearborn 
St., Chicago, Ill. 

Operadio Mfg. Co., St. Charles, Ill. 
Pacent Engineering Corp., 79 Madison 

Ave., New York, N. Y. 
Philco Radio & Television Corp., Tioga & 

C Sts., Philadelphia, Pa. 
Presto Recording Corp., 242 W. 55th St., 

New York, N. Y. 
Radiad Service, 720 W. Schubert Ave., 

Chicago, Ill. 
RCA Mfg. Co., Camden, N. J. 
Regal Amplifier Mfg. Corp., 14 W. 17th 

St., New York, N. Y. 
Rock-Ola Mfg. Corp., 867 N. Kedzie Ave., 

Chicago, Ill. 
Seeburg Corp., J. P., 1510 N. Dayton St., 

Chicago, Ill. 
Sentinel Radio Corp., 2020 Ridge Ave., 

Evanston, Ill. 
Sonora Radio & Phonograph Corp., 2626 

W. Washington St., Chicago, Ill. 
Sound Apparatus Co., 150 W. 46th St., 

New York, N. Y. 
Sparks-Withington Co., E. Ganson Ave., 

Jackson, Mich. 
Speak-O-Phone Recording & Equipment 

Co., 23 W. 60th St., New York, N. Y. 
Stangard Products Co., 4111 Ft. Hamil-

ton Pkwy., Brooklyn, N. Y. 
Stromberg-Carlson Telephone Mfg. Co., 

100 Carlson Rd., Rochester, N. Y. 
Talk-A-Phone Mfg. Co., 1219 W. Van 

Buren St., Chicago, Ill. 
Transformer Corp. of America, 69 Woo-

ster St., New York, N. Y. 
Warner Co., J. J., 1244 Larkin St., San 

Francisco, Cal. 
Waters-Conley Co., 501 First St., N.W., 

Rochester, Minn. 
Wurlitzer Mfg. Co., Rudolph, North Ton-

awanda, N. Y. 

Pumps  
VACUUM PUMPS 

Allis-Chalmers Mfg. Co., Milwaukee, Wis. 
Beach-Russ Co., 50 Church St., New York, 

N. Y. 
Buffalo Foundry & Machine Co., 1635 

Fillmore Ave., Buffalo, N. Y. 
Columbus Steam Pump Works Co., Colum-

bus, Ohio 
Eisler Engrg. Co., 770 S. 13th St., Newark, 

N. J. 
General Electric Co., Schenectady, N. Y. 
Gerotor May Co., Baltimore, Md. 
Ingersoll-Rand Co., 11 Broadway, New 

York, N. Y. 
International Machine Works, North Ber-

gen, N. J. 
Kahle Engineering Corp., 1307 Seventh 

St., North Bergen, N. J. 
Kinney Mfg. Co., 3629 Washington St., 

Boston, Mass. 
Kraissl Co., 303 Williams Ave., Hacken-

sack, N. J. 
Leiman Bros., 156 Christie St., Newark, 

N. J. 
New Jersey Machine Corp., 1800 Willow 

Ave., Hoboken, N. J. 
Nichols & Sons, W. H., 303 Woerd Ave., 

Waltham, Mass. 
Pennsylvania Pump & Compressor Co., 

Easton, Pa. 
Robbins & Myers, Inc., 1345 Lagonda 

Ave., Springfield, Ohio 
Stokes Machine Co., F. J., 5850 Tabor Rd., 

Olney P. 0., Philadelphia, Pa. 
Sullivan Machinery Co., 929 Woodland 

Ave., Michigan City, Ind. 
Worthington Pump & Machinery Corp., 

Harrison, N. J. 
Yeomans Bros. Co., 1459 N. Dayton St., 

Chicago, Ill. 
Zenith Products Co., West Newton, Mass. 

Receivers  
AIRCRAFT RECEIVERS 

Abbott Instrument, Inc., 8 W. 18th St., 
New York, N. Y. 

Aircraft Radio Corp., Boonton, N. J. 
Air Radio & Instrument Co., 5214 W. 63d 

St., Chicago, Ill. 
Bassett Inc., Rex, Municipal Airport, Fort 

Lauderdale, Fla. 
Bendix Aviation, Ltd., North Hollywood, 

Cal. 
Bendix Radio, Div. of Bendix Aviation 

Corp., Baltimore, Md. 
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e EMPlOYMENT 
'Yin OPPORTUNITIES 

Send New Ads to: 
Electronics 

Class. Adv. Dept. 
P.O. Box 900. N.Y.. N.Y. 10020 

INTERNATIONAL 
MARKETING 
Communications Systems 8t Hardware 
We are one of the world's major designers and manufacturers of high quality 
radio communications systems and equipment. We are seeking a strong Manager 
with 10 years marketing experience which should include work with overseas 
dealers and distributing organizations, knowledge of foreign government financ-
ing, proposal experience, and familiarity with HF and VHF radio systems and 
equipment. 
You will be a key person and in a promotable position in the Marketing Group 

and will be required to travel overseas frequently. 
We offer an excellent salary and benefits program and growth potential based 

upon individual contribution. Send resume in confidence to: 
William Vickery. Placement Manager 

NARRIS•INTERTYPE CORPORATION -RF COMMUNICATIONS DIVISION 

HARRIS 1:13 EMlielleMD110 70M[Ke3 
1680 UNIVERSITY AVE • ROCHESTER, N.Y. 14610 U.S.A. • 

Equal Opportunity Employer M/F 

••• 

JO S 
ie- Communications 

Engineers 
Boeing Aerospace Company has 
openings in the following specific 
fields: 

Radio Systems-Both narrow and 
wide bond transmission. 

Intercoms and multiple subscriber 
switching subsystems. 

Communications Equipment and 
Systems-transmitters receivers, 
modems, multiplexers, teletype 
systems, data and audio distribution 
systems. 

Communications Techniques-
modulation demodulation, multi-
plexing demultiplexing, encryption 
decryption coding. 

BSEE or comparable experience 
required. 

Please send your resume to The 
Boeing Company, P.O. Box 3707-
MBV, Seattle, WA. 98124. 

An equal opportunity employer. 

rEeNG 
Gelling people together 

CLASSIFIED ADVERTISING 

. . SEARCHLIGHT SECTION 
BUSINESS OPPORTUNITIES 
USED OR SURPLUS EQUIPMENT 

te IMMEDIATE DELIVERY 
Minis & Peripherals 
DEC-HIS-NOVA 

SEL- HP - MOHAWK 
CPU, Card. Printer, Tape, Disk 

NEW • MOHAWK 4320 PRINTERS 

PDP 11 PERIPHERALS 
CPU, MEMORY 

PDP 8 CPU $1500 
$750 Minis 

TELETYPE 35 & 37 
DEC & HONEYWELL Modules 

617/261-1100 
Rend for Free Report Maintenance of Computer, 

AMERICAN USED COMPUTER CORP. 

‘14.
P 0 Bot 68, Kenmore Sta. Boston. MA 02215 04/ 
member COMPUTER DEALERS ASSOCIATION 

CIRCLE 951 ON READER SERVICE CARD 

RADAR SYSTEMS GROUND AND AIRBORNE AUTOMATIC 

TRACKING ANTENNA SYSTEMS NIKE AJAX NIKE HER. 

CULES M.33 /450.1A MPS-I9 MITS.9 SCR 5114 TPS-1D 

TP5-28 14.A•ASR-2 AIRBORNE SYSTEMS APN•44 APN•102 

AP5-20 APS.27 APS-45 DPN-19 DIGITAL COMPUTERS 

IBM 450 IBM 704 k- LARGEST INVENTORY OF RADAR AND 
MICROWAVE EQUIPMENT IN THE WORLD 

RADIO RESEARCH INSTRUMENT CO. 
3 01.1irree st , NORWAtg COHN 04150 0031453.1600 

SPECTROL CERMET 

Any "MICRO" POTS 
u Model No. 41-2-1 

for $1 x .3 x .160" reclan-
Ohics SOO Kolar. 15-turn. wedge-

ID 1K 50K shaped pins. for easy pc 
20 • 2K 100K work. watt 20'3 , 
50 j 5K 200K screwdriver side. 

100 _I 10K 500K 0 Model NO. 53-1-1 
200 j 2°K Mug .34:1 diii. o 5/16" high. 

Model No. 53-2-1 - Single-turn. 3-leads 
/16" rube, single-turn. screwdriver top. 1 ., WAD 
rew-adjost. front. 1'v. TO-5 gransiotor size, fit.. 

tranrastor ,0rketàà. 

• CElurly0ON -."‘" Lo"-r-g"ne-st 
Selection TTL 
3147400 $0.30 il 0,47400 .30 7:333;0" binI 367461 .35 

Type 3141455 .53 

DD 567462 .35 = Hu .1.6 77; 44:4 00001 5147464 .30 

..33: op 55 ri 77 44 76 05 .50 
0 ' 

.55 

.50 

.ss 

1.00 , 
.65 
.95 
.65 

1.25 ' 
.99 

1.2e . 
1.41 
.SS 

fiLl 5314677440067 ED] 55.11 77447721 

U 567408 .35 u 5117473 
Cl $147410 .30 9 
• SN7413 .99 
C1 567411 .3S 

• SN7415 .5S 
.ar ss.147244.801 

0 5117476 
.35  

SN7474 
$117475 

DDD 35"Z:74441607i 53 Os 555 NZ 777 444 784 832 

.35 0 5117485 

14  8 S3 116 774485 96 4.50 
31 5117490 1.49 

353 :5 5Ss NNN 777 444 999 231 1i1 .1 333 355 

j.430 5117494 1.35 
0  31 SN7495 1.33 

ill: a 55,77:916 1.33 06 .95 

us 51474107 .70 
SN74I08 .93 

1.65 9 51474112 .95 
1.45 5674113 .93 
1.54) SN74114 .95 
.30 SN74121 .60 
.30 31 51174122 .95 
.30 0 51474123 1.20 
.30 D 5674123 .71 

567422 
5117425 
SN7426 
5117430 
5N7432 
567437 
567438 
5147440 
5117441 
$147442 
5117443 
5117444 
3147445 
567446 
5117447 
567448 
567450 
SN745 I 
S147453 
S147454 

5674126 .71 
SN74139 1.25 
SN74140 1.25 
5/174145 1.55 
51174148 4.50 
5N74150 1.61 
5674151 1.25i 
SN74152 4.95 
SN74IS3 1.60 
SN74154 2.10 
51174155 1.55 
5/474156 1.45 
SN74157 1.55 
S1474158 1.55 
SN74160 1.95 
5674161 1.95 
51174163 1.95 
SN74164 2.95 
SN74165 2.10 
5674166 2.05 
SN74173 2.50 
SN74174 3.20 
SN74175 3.20 
SN74176 2.10 
51474177 2.10 
SN74179 2.10 
SN74180 1.20 
SN74181 4.90 
SN74182 1.20 
SN74185 2.50 
SN74192 1.95 
SN74193 1.95 
SN74194 1.95 
5674195 1.25 
S1174196 2.50 
SN74I97 2.50 
SN74198 2.65 
DIP p  

Toone 3r1t1 pornane Rated: net 30 
Phone Orders: Wakefield. Muas. 1617/ 245-3829 
Retail: 1 6-IR Del Carmine St. Wakefield, Mn... 

itT V. Ater Street I C.O.I3'S MAN' HE P1(1/501) 

I POLY PAKS Sernr's 
P 0 BOX 942 S. LYNNFIELD,MASS 01940 ParIS 

CIRCLE 9530N READER SERVICE CARD 

(*FOR LESS THAN 

$6.00 

ka 02 

jar Ï.,A X414.. 

r e, GRANBY, QUEBEC 
CANADA 

SUB-ASSEMBLIES 
Per loaded hour 

OLIVAX 

\Tel: (514) 378-9977 - TWX 610-532-6510j  CIRCLE 954 ON READER SERVICE CARD 

free catalog 
POTTING APPLICATORS 
MANUAL OR AIR OPERATED 
21/2 cc 6cc 12cc 30cc 

FOR POTTING, ENCAPSULATING ETC 

PHILIP FISHMAN CO., INC. 
7 CAMERON ST WELLESLEY, MASS 0 2181 

CIRCLE 956 ON READER SERVICE CARD 

(COILS TOROIDS - BOBBINS1 
Self-SupportIng 

joi.e4ex.eg. 

GRANBY, QUEBEC 
CANADA 

gel: (514) 378-9977 - 610-532-6510 

CIRCLE 957 ON READER SERVICE CARD 

OLIVAX 

HARD-TO-FIND PRECISION TOOLS 

Lists more than 1700 items-pliers, 
tweezers, wire strippers, vacuum systems, 
relay tools, optical equipment, tool kits 
and cases. Also includes four pages ol 
useful "Tool Tips" te aid in tool selection. 

CIRCLE 952 ON READER SERVICE CARD CIRCLE 958 ON READER SERVICE CARD 



New HEATH/SCHLUNI 1 

INSTRUMENTS CATALOG 

ri 

iomv-iov. 10 Sm 
rhart RPrnrept 

New S325, auto-ranging 
110MHz Counter 

from Heath/ 
Schlumberger 

r=•=r, 

The latest issue ... includes complete 
details and specifications on dozens of 
high performance, low cost instru-
ments for design, R&D and teaching 
applications. Here are just a few ex-
amples: 

New 10 mV to 10 V Strip Chart Re-
corder...only $335*. Four calibrated, 
hi-Z input ranges ... full 10" chart ... 
ten digitally-derived chart speeds from 
10 to 0.01 inches or cm/minute ... 
switchable input filtering ... complete 
remote programming capability.., easy 
conversion to metric work ... pushbut-
ton chart advance ... rack mount de-
sign. 

600 MHz Frequency Counter .... just 
$795*. 1 Hz to 600 MHz guaranteed 
range ... input sensitivity: 10 mV @ 
35 MHz, 15 mV @ 200 MHz, 50 mV 
@ 600 MHz ... 50 and 1 megohm in-
puts ... high stability TCXO time base 
...complete remote programming cap-
ability for all inputs, outputs & func-
tions, plus BCD output.. FCC type-
approved for AM & FM broadcast. 

Dual Trace 15 MHz scope... only 
$595*. 15 MHz vertical bandwidth with 
24 ns risetime ... 50 mV/cm sensi-
tivity ... 1 megohm/35 pf input im-
pedance ... 9 position attenuator 
18 calibrated sweep rates from 0.2 us/ 
cm to 100 ms/cm ... Chop, Alternate, 
Ch. 1, Ch. 2 and X-Y modes ... Inter-
nal/External, AC/DC, +/ — triggering 
... external trigger input, sweep gate 
output. Standard camera mount bezel. 

HEATH 

For your FREE copy, use coupon NOW! 
Heath/Schlumberger Instruments 
Dept. 531-285 

Benton Harbor, Michigan 49022 

Please send electronic instruments catalog. 

Name  

Title  

Company! Institution  

Address  

City State Zip  

*Mail order prices; FOB factory. EK 415 R 

Schlumberger 

I. 
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Electronics advertisers March 21, 1974 

Abbott Transistor Labs Inc. 6 
Technical Advertising Agency. 

ft$ ACDC Electronics, Inc. 57 
Rose Associates Advertising & Public Relations 

• Adret Electronigue 12E 
Psycho Publicite 

• AEROCOM 42 
Jacster Enterprises, Inc. 

Alien Bradley Company 24 
Hoffman York, Baker & Johnson, Inc. 

• American Lava Corporation Sub. 
of Minnestoa, Mining & Mfg. Co. 136 
Designers Inc. 

American Optical Corp. Fiber Optics 
industrial Prod. Div. 164 

Wilson, Haight & Welch. Inc.. Advertising 
American Smelting and Refining Company 152 

Clyne Maxon, Inc. 
$ AMP Incoporated 78-79 

Ailkin-Kynett Co.. Inc. 
Analogic Corporation 161 

Sommer Agency, Inc. 
" AOIP 35E 

DP industrie 
• AVX Ceramics 67 

Allied Advertising Agency, Inc. 
Ballantine Laboratories, Inc. 174 

MLF Graphics 
at Beckman Instruments Inc., Helipot Div. 

NW. Ayer /Jorgensen/MacDonald. Inc. 
at Bourns, Inc. 

Marlborough Assoc.. Inc. 
u. Burndy 

Axis Spri 
Burroughs Corp. 

Conti Advertising Agency, Inc. 
Cambridge Thermionic Corporation 

Chirug and Cairns, Inc. 
• Cambridge Thermionic Corporation 

Chirurg & Cairns. Inc. 
• Canon Amsterdam N.V. 

Euro Advertising B 
• Carlo Erba 

MVE Pubblicita' & Marketing 
CMariese Plastics Company 

D'Arcy MacManus International, Inc. 
• Celdis Ltd. 

May. Winfield & Associates Ltd. 
Cherry Electrical Products, Corp. 

Kolb Tookey and Associates. Inc. 
• Claire: Corporation 

Black-Russell-Morris 
• Concord Electronics Corp. 

Sound Advertising 
• Cooke Engineering 

Furrer 
Cramer Division of Conroe 

McCarthy, Scelba, DeBiasi 
CTS Corporation 

Reincke. Meyer & Finn. Inc 
• Curtis Instruments Inc. 

Marc Dohan, Inc. 
Data Control Systems, Inc. 

Ads & Images 
Datascan, Inc. 

McCarthy, Scrota, and DeBiasi 
Advertising Agency, Inc. 

Delco Electronics Division, 
General Motors Corp. 
Campbell-Ewald Company 

• Deievan Division, American 
Precision industries, Inc. 
Comstock Advertising. Inc. 

Delta Air Lines 
Burke Dowling Adams. Inc 

• Dialight Corporation 
Michel-Cather, Inc. 

• Ducal' ElettrotecItica Microlarad 
Studio Busoli Gastone 

$ Eastman Kodak Company, 
Business Systems Markets Div. 
J Walter Thompson Co. 

Eastman Kodak Co.-GMD GD 
Photofabrication MIcelectronic 
Rumrill-Hoyt Inc 

• Ebauches SA 
E.I.P. Inc. 

Dailey R. Associates 
Electronic Communications, Inc. 
W M. Zemp & Associates, Inc 

Electronorgtechnika 
Black-Russell-Morris 

• Erg Industrial Corporation Ltd. 
• Esterlina Angus, A Unit of 

Esterline Corporation 
Odiorne Industrial Advertising, Inc. 

Exar integrated Systems 
Regis McKenna Inc. 

Ferroxcube 
Black-Russell-Morris 

•• Fluke 
Marsteller 

• Fort 
Agence Domenach 

F.R. Electronics Ltd. 
T.W. Brooke Smith 

Fuji Electrochemical Co., Ltd. 
General Advertising Agency, Inc. 

• Function Modules, Inc. 
Leon Richman Design, Inc. 

• General Electric Co., Miniature Lamp Div. 
Carr Liggett Advertising, Inc. 

General Magnetkes 
McCarthy/Scelba/DeBiasi Adv. Agcy.. Inc 

• General Radio 
Grad Associates 

60-61 

64 

22E-23E 

46-47 

78 

141 

4E-5E 29E 

41E 

13 

18E-19E 

123 

4th Coy. 

142 

43E 

168-169 

125 

152 

147 

180 

82-83 

148 

157 

17 

40E 

9 

145 

9 
143 

154 

175 

32E 

62-63 

48 

54 

8E 

34E 

81 

134 

79 

118 

3rd Coy. 

11E 

• Gould Data Systems 153 
Marsteller, Inc. 

• Gould Inc./instrument Systems Div. 158 
Carr Liggett Adv.. Inc. 

• Grayhill Inc. 172 
Stral Advertising Company, Inc. 

G.T. Schleidahl Co. 133 
Chuck Ruhr Assoc. Advertising Inc. 

Hamilton Aunet Electronics 40-41 
Harris Semiconductor 84-85 

Tucker Wayne & Company 
• Heath/Schlumberger Scientific Instruments 177 

Advance Advertising Services 
Hermes Electronics, Ltd. 88 

Public & Industrial Relations Limited 
• Hewlett Packard 156 

Richardson. Seigle. Rolfs & McCoy. Inc. 
• Hewlett-Packard 2 

Richardson. Seigle, Rolfs & McCoy. Inc. 
• Hewlett-Packard 1 

Tallant /Yates Advertising. Inc. 
• Hickok Electrical Instrument Co. 28 

'Carr Liggett Advertising. Inc. 
Hutson industries 170 

Greene. Webb Associates. Inc. 
Intel Corp. 18-19 

Regis McKenna, Inc. 
Ise Electronics Corp. 75 

Shinwa International, Inc. 
ITT Semiconductors 130-131 

Hall & McKenzie Advertising 
a Kepco Inc. 5 

Weiss Advertising 
• Kistler instruments AG 16E 

Atelier fur Werbung 
Kurz-Kasch, Inc. 20 

David K Burnap Advertising 
LICON division Illinois Tool Works Inc. 151 

Post Keyes Gardner Inc. 
Lftronix Inc. 39 

Regis McKenna. Inc. 
Matrix Systems 179 
Maxwell Labs 140 

Manning/Bowen and Associates 
Micro Mask, Inc. 110 

Kassler /Noble Advertising 
micro Power Systems 74 

Associates Ad Ventures, Inc. 
• Micro Switch Division of Honeywell 128 

N.W. Ayer & Son, Inc. 
3M Electro Products Division 15 

Batten, Barton. Durstine & Osborn, Inc. 
Monolithic Memories, Inc. 173 

Paul Pease Advertising, Inc. 
Monroe, The Calculator Company 

Division of Litton Industries 10-11 
Hertel. Catlano & Assoc. Inc. 

MOS Technology, Inc. 171 
Henry S Goodsell Advertising, Inc. 

Mostek Corporation 58 & 59 
David W Evans, Inc Texas 

Motorola Semiconductor Products, Inc. 44-45 
E.B Lane & Associates. Inc, 

• Motorola Semiconductor 39E 
Graham & Gilles Limited 

• National Semiconductor Corp. 155 
Chiat /Day. Inc. Advertising 

• Nelson Ross Electronics Div. 
Poland Electronics 180 
McCarthy-Scelba-DeBiasi Advertising Agency. Inc. 

Nichicon Corporation 73 
Elias/Shaffer & Associates, Inc. 

Nikko Belk' Co., Ltd. 160 
General Advertising Agency, Inc. 

• Nortron 41E 
Technik Marketing 

Nortronics Company, Inc. 144 
Allan & Alan. Inc 

Ohmic instruments Co. 72 
• Philips Eicoma 54 

Intermarco nederland 
Philips TMI 22-23 

Brookins Communications Systems S.A. 
• Plazo Technology, Inc. 167 

Shattuck/Roether Advertising, Inc. 
Plher international 62 

Scott MacTaggart Advertising 
Plastics Engineering Company 138 

Kunner & Kuttner, Inc 
• Plessey Semiconductors 2E-3E 

Creative Workshop Ltd. 
Powercube Corp., DN. of Unitrode 16 

Advertising Assistance, Inc. 
Prime Computer Inc. 86-87 

Wilson. Haight & Welch, Inc. 
Primo Co., Ltd 164 

General Advertising Agency. Inc. 
• Procond S.p.A. 30E 

Ouadragono 
Pro-Log Corporation 170 

Kassler Noble Advertising 
• Radiometer Copenhagen 38E 
RAMTEK, CORP. 77 

McDonough Communications 
RCA-Solid State Division 35. 37 

Marsteller, Inc. 
• RCL Electronics Inc. 14 

Morvay Advertising Agency 
$ Rental Electronics, Inc. 117 

Humphrey Browning MacDougall, Inc 
• Rita 57 

MK Marknads Kommunikation AB 
RO Associates Inc. 146 

Salt 8, Pepper 
Rockwell International Electronics Group 160 

Campbell-Ewald Company Advertising 

• Rohde & Schwarz 
• R 2 E 

Sagha 
Sanken Electric Co., Ltd. 

Global Advertising Co., Ltd. 
Schauer Manufacturing Corp. 

Nolan, Keelor & Stites 
• Schl umberger 

Scott MacTagger1Advertising 
" Sescosem 

Bazaine Publicite 
• Siemens Aktiengesellschaft 

Linder Presse Union Gmbh 
Signal Transformer 158 

Russell Technical Services Inc 
Signetics Corp. Sub. of Corning Glass Works 20-21 

Hall Butler Blatherwick. 
• Sllec 42E 

e% 
Quartz International 

Sal  101 
Robertson West, Inc. 

• Sill*, Inc. 33E 
Hall & McKenzie 

$ Sorensen Company, A Unit of Raytheon Company42 
Provandie Eastwood & Lombardi Inc 

Spectra-Strip Corp. 71 
Wilshire Newport, Inc. 

Spectrol Electronics Corp. 

• 

80-81 

J M R Inc. Sprague 6E-7E 

Perez Publicite 
Sprague Electric Company 8 

Harry P. Bridge Company 
Standard Logic Inc. 162 

tThnesRoberlson Company Advertising & Public Rela-tions 
Stewart-Warner Microcircuits 43 

JMR Advertising 
Systron Donner Concord instruments 51.179 

Fred Schott & Associates 
• TEAC Corp. 64 

Dentsu Advertising Ltd. 
• Teicelec Airtronics 15E-24E, 36E. 39E 

S.P.F.D. 
• Tektronix Inc. 33 

McCann Erickson, Inc. 
Teledyne Philbrick 2nd Coy. 

Ingalls Associates. Inc. Advertising 
• Teionk Ind. Inc. 163 

Jansen Associates, Inc. 
Theta Instrument Corp. 162 

Fletcher-Walker-Gessell Inc. 
Thomas & Skinner Inc. 174 

Bell-Catterlin & Hedgecock Advertising Inc. 
Thomson CSF 166 

Bazaine Publicite 
• Tokyo Sokuhan Co., Ltd. 14E 

Showa Advertising Service, Inc. 
Trinidad & Tobago industrial 

Development Corp. 124 
Development Counsellors International, Ltd. 

• TRW/CAPACITORS 135 
Gray & Rogers, Inc. 

▪ TRW, Electronic Components Division 159 
The Bowes Company 

• TRW Electronics, Semiconductor Division 7 
The Bowes Company 

• Unitrode Corporation 27 
Culver Advertising Inc. 

Universal Instrument Corp. 149 
Conklin, Labs & Bebes, Inc. 

Veep* 172 
James Piessas Inc. Advertising-
Public Relations 

Victoreen Instrument Division 139 
Dix & Eaton, Inc 

VIO Techmashexport 165 
Vneshtorgreklama 

• Wavetek Indiana 126 
Chapman Michetti Advertising 

• Yokogswa Electric Works, Ltd. 117 
General Advertising Agency, Inc, 

Zeitex 97 
Moneyworth Advertising 

1E 
20E-21E 

150 

142 

60-61 

17E, 31E-37E 

52 

Classified & Employment Advertising 
F. J. Eberle, Manager 212-971-2557 

EQUIPMENT (Used or Surplus New) For Sale 
American Used Computer Corp. 
Boeing Company 
Philip Fishman Co.. Inc. 
Harris Intertype Corp. 
Jensen Tools Co. 
Olives  
Poly Peke  
Radio Research Instrument Co. 

76 
76 
76 
76 
76 
76 
76 
76 

• For more information on complete product line see adver-
tisement in the latest Electronics Buyer's Guide 

• Advertisers in Electronics International 
$— Advertisers in Electronics domestic edition 
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Advertising Sales Staff 
Pierre J. Braudó [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, III. 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, 75201: Charles G Hubbard 
2001 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 

Los Angeles, Calif. 90010: Robert J. Rielly 
Bradley K. Jones. 3200 Wd6nre Blvd South Tower 
[213] 487-1160 

New York, N.Y. 10020 
1221 Avenue of the Americas 
Warren H Gardner [212] 997-3617 
Michael J Stoller [212] 997-3616 

Philadelphia, 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, Calif. 94111: Don Earns 
Robert J Reilly. 425 Battery Street. 
[415] 362-4600 

Paris: Alan Offergeld 
17 Rue-Georges Bizet. 75 Pans 16, France 
Tel 720-73-01 

Geneva: Alain Offergeld 
1 rue du Temple. Geneva. Switzerland 
Tel 32-35-63 

United Kingdom 8 Scandinavia: Keith Mantle 
Tel 01-493-1451 34 Dover Street. London W1 

Milan: Robert Saidel 
1 via Baracchini. Italy Phone 87-90-656 

Brussels: Alain Offergeld 
23 Chausses de Wavre 
Brussels 1040. Belgium 
Tel 13-73-95 

Frankfurt/Main: Fritz Krusebecker 
Lebigstrasse 27c, Germany 
Phone 72 01 81 

Tokyo: Tatsumi Katagin McGraw-Hill 
Publications Overseas Corporation 
Kasurnigaseki Building 2-5, 3-chome. 
Kasumigaseki Chiyoda-Ku Tokyo, Japan 
[581] 9811 

Osaka: Ryii Kobayashi, McGraw-Hill 
Publications Overseas Corporation, Kondo 
Bldg 163 Umegae-cho Kita-ku Japan [362] 8771 

Australasia: Warren E Ball ITO Box 5106 
Toky0 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' Guide 
George F. Werner, Associate Publisher 
[212] 997-3139 

Regina Hera, Directory Manager 
[212] 997-2544 

The first 

Cr/r 

iro - c 15.7 
DIGITAL MULTIMETER 1.1001EL 7205 

ok.5, 

at this priee: 
liN resolulion 
lidl funegions 

26 ranges 
Lend eompensaled ohms 

For immediate information on Systron-Donner's new Model 
7205 51/2 -digit Multimeter, call us collect on our Quick Re-
action line: (415) 682-6471. Or you may contact your Scientific 
Devices office or S-D Concord Instruments Division,10 Systron 
Drive, Concord, CA 94518. 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. 

SYSTRON DONNER 

Circle 179 on reader service card 

PROGRAMMABLE-COAXIAL 
SWITCHING SYSTEM! 
4•••••"" 

OFFERS ... 
TRUE COAXIAL SWITCHING 
MAXIMUM VERSATILITY 

The MATRIX SYSTEMS Programmable Switching 
System offers up to 200 switchpoints for up to 10 
x 20 matrix or up to 1 x 200 scanner configura-
tions. Two basic systems may be housed in a single 
19" relay drawer, providing a compact matrix cap-
ability of up to 20 x 20 per drawer. The system 
offers an expander option in both the "X" and 
"Y" axis. Other features are: 

• ASCII Compatible 
• Computer programmable • 8 reed switch options 
• TTL/DTL compatible • Proven reliability 
• Modular construction • Easy maintainability 

For further data write directly to: 

MATRIX SYSTEMS CORPORATION 
9411 Lurline Ave., Chatsworth, Ca. 91311 (213) 882-2008 
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go portable ew  
Introducing THE Digital Panel Meter for Portable Instruments 

NOW, make your portable instruments smaller, lighter, less ex-
pensive and more reliable. With the Datascan Model 820 battery 
powered DPM, you also get a bright, reliable and readable 31/2 digit 
LED display, 0.1% (of reading) accuracy, battery input voltage from 
4.8 to 8.0* volts and an attractive miniaturized metal case that's 
only 3.5" deep x 2.5" wide x 1.3" high. 
To get complete specs or to arrange for a demonstration, call or 
write. We're anxious to help you GO PORTABLE. 
*other ranges available. 

Datascan 
Electronic 
Products 

Operates over 600 
hours on 4 D-cells 

Only 100 mw total 
power required 

Eliminates battery 
recharging 

P.O. Box 785 
1111 Paulison Ave. 
Clifton, N.J. 07013 
Telephone: (201) 4713-2600 

Datascan 

 J 
Circle 180 on reader service card 

Workhorse Spectrum Analyzer... 
100Hz to 25MHz 

The new 
Analyzer 

Nelson Ross Model 236 is a multi-purpose, easy to use, workhorse Spectrum 

with outstanding performance features and an exceptionally low price of $3275. 

mi•oe n»• Mec...ce e.1 e0d . 9 

Ow 

tie 

VICM111 M.Vn. 
Mel 1. 

KO ,0 

0 0 to 0 00 r I 

ie • ,...--,.. ....,._. t. -
a e 

▪ Preset 0-25MHz quick-look scan and 0-10MHz adjust-
able scan widths 

im 100Hz resolution, automatic and adjustable modes 
la —105 dbm (1.25„V) sensitivity 

• .60 db dynamic range for IM and Harmonic Distortion 
analysis 

• Self-checking: Crystal frequency marker combs at 
1MHz and 100KHz intervals. Absolute level reference 

Numerous other versatile NR Spectrum Analyzers are available 
from sub-audio through microwave, 0.5Hz to 6.5GHz; complete 
free standing analyzers with interchangeable plug-ins, or just the 
plug-in analyzers for your TEK and HP scopes. 

Call or write to the "Specialists"; complete specifications are 
yours for the asking; or, circle the reader service number. 

nelson • ross 
electronics 

A DIVISION OF POLARAD ELECTRONICS CORP. 

5 Delaware Drive, Lake Success, N.Y. 11040 
516-328-1100 • TWX: 510-223-0414 
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Electronics  
Please enter my subscription to ELECTRONICS for three 
years at $18 

1. E I prefer one year at $9 
E Bill my company 

NAME 

ri Payment Enclosed 

Bull me 

COMPANY DIV. or DEPT 

COMPANY ADDRESS 

52450 

7 AMERICAN EXPRESS ' MASTER CHARGE 
—1 DINERS CLUB BANKAMERICARD 
ACCT 
NO 
DATE CARD EXPIRES 

INTERBANK NO 1st No's above name 
  on Mastercharge Only 

TITLE 

CITY STATE 
Check here if you wish 
Publicat.on to be sent to STREET 
home address 

Above rates apply only to those who answer all questions listed below 
All others pay higher than basic price of $25.00 per year. 

CITY 

Signature 

ZIP 

STATE ZIP 

2. 1 2 Indicate the primary product manufactured or service performed at your plant (Box 1) and in 
your department (Box 2). Be sure to indicate applicable letter in each of the two boxes even E PLANT E DEPARTMENT if they are the same letter. 

A. Large computers K Industrial controls, systems and U. Research and development 
B. Mini-computers equipment organizations which are a part of an 
C. Computer peripheral equipment L Sub-assemblies - educational institution 
D. Data Processing Systems (systems M Passive electronic components V. Government Agency and military 

integraticn) N. Active electronic components W Industrial companies using and/or 
E. Office and business machines incorporating electronic products in 0 Materials and Hardware 

their mfg., research or development F. Test and measuring equipment 
P. Aircraft Missiles space and ground G. Communications systems and activities 

. equipment suppo rt equ ipm ent X Utilities 
H. Navigation and guidance or control 0 Oceanography and suPport equipment Y Broadcasting, sound and motion 

systems R Medical electronics pictures and recording studios 
I. Consumer entertainment electronic S Industrial equipment containing Z Commercial users of electronic 

equipment electronic components or products equipment (railroads, pipelines. 
J. Other consumer electronic equip. T. Independent R&D laboratory and police. airlines) 

(appliances, autos, hand tools) consultant 9. College. University 

3. E:
 Indicate your principal lob function (place applicable num-
ber in box. If numbers 9. 10. or 11 are used, fill in name of 
college or university) 

1. General and corporate management 
2. Design and development engineering 
3. Engineering services (evaluation, quality control. 

reliability, standards. test) 
4. Basic research 
5. Manufacturing and production 
6. Engineering support (lab assistant, technician) 
7. Purchasing and procurement 
8. Marketing and sales 
9. Professor at   

10. Senior student at   
11. Graduate student at   

Senior and graduate students are eligible for professional 14•410." 
rate for one year subscription only. 

4. fl Indicate your principal lob responsibility (place ap-
plicable number in box) 

1. Management 2. Engineering 

5. Are you engaged in or do you supervise the design 
or redesign of electronic components or equipment/ 
(check one) 

E YES E  NO 

6. Estimated number of employees at this location (check one) 

E, to 49 C  50 to 249 E 250 to 999 Dover 1.000 



FIRST CLASS 

PERMIT No. 42 

HIGHTSTOWN, N J 

BUSINESS REPLY MAIL 
NO POSTAGE STAMP NECESSARY IF MAILED IN U.S. 

Postage will be paid by 

Electronics 
McGRAVV-HILL, INC. 
SUBSCRIPTION DEPT. 

P.O. BOX 514 
HIGHTSTOWN, N.J. 08520 
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Electronics 
READER SERVICE 

For additional information on products advertised, new products 

or new literature, use the adjacent business reply cards. 

Complete entire card. 
Please print or type. 

Circle the number on the 
Reader Service postcard 
that corresponds to the 
number at the bottom of the 
advertisement, new product 
item, or new literature in 
which you are interested. 

To aid the manufacturer in 
filling your request, please 
check the appropriate in-
dustry classification box. 

Postage is prepaid in U.S. 
Correct amount of postage 
must be affixed for all mail-
ings from outside the U.S. 

All inquiries from outside 
the U.S. that cannot reach 
Electronics before the expir-
ation dates noted on the 
Reader Service postcard 
must be mailed directly to 
the manufacturer. The man-
ufacturer assumes all re-
sponsibilities for respond-
ing to inquiries. 

Subscriptions & Renewals 
Fill in the subscription 
card adjoining this card. 
Electronics will bill you at 
the address indicated on 
the card. 

ELECTRONICS March 21, 1974 card expires June 4, 1974 

NAME TITLE  

COMPANY  

STREET  

CITY STATE 

Industry Classification (check one) 
a [I Computer & Related Equip. 
b E Communications Equip. & Systems 
e ri Navigation, Guidance or Control Systems 
d ; Aerospace, Underseas Ground Support 

e El Test & Measuring Equip. 

I 

g 
h 

j 
k D 

ZIP 

Consumer Products 
Industrial Controls & Equip. 
Components & Subassemblies 
Independent R&D Organizations 
Government 

1 
2 
3 
4 
5 

21 
22 
23 
24 
25 

41 
42 
43 
44 
45 

61 
62 
63 
64 
65 

81 
82 
83 
84 
85 

101 
102 
103 
104 
105 

121 
122 
123 
124 
125 

141 
142 
143 
144 
145 

161 
162 
163 
164 
165 

181 
182 
183 
184 
185 

201 
202 
203 
204 
205 

221 
222 
223 
224 
225 

241 
242 
243 
244 
245 

261 
262 
263 
264 
265 

343 
344 
345 
346 
347 

363 
364 
365 
366 
367 

383 
384 
385 
386 
387 

403 
404 
405 
406 
407 

423 
424 
425 
426 
427 

443 
444 
445 
446 
447 

463 
464 
465 
466 
467 

483 
484 
485 
486 
487 

503713 
504714 
505715 
506716 
507717 

6 26 46 66 86 106 126 146 166 186 206 226 246 266 348 368 388 408 428 448 468 488 508 718 
7 27 47 67 87 107 127 147 167 187 207 227 247 267 349 369 389 409 429 449 469 489 509 719 
8 28 48 68 88 108 128 148 168 188 208 228 248 268 350 370 390 410 430 450 470 490 510 720 
9 29 49 69 89 109 129 149 169 189 209 229 249 269 351 371 391 411 431 451 471 491 701 900 
10 30 50 70 90 110 130 150 170 190 210 230 250 270 352 372 392 412 432 452 472 492 702 901 

11 31 51 71 91 Ill 131 151 171 191 211 231 251 271 353 373 393 413 433 453 473 493 703 902 
12 32 52 72 92 112 132 152 172 192 212 232 252 272 354 374 394 414 434 454 474 494 704 951 
13 33 53 73 93 113 133 153 173 193 213 233 253 273 355 375 395 415 435 455 475 495 705 952 
14 34 54 74 94 114 134 154 174 194 214 234 254 274 356 376 396 416 436 456 476 496 706 953 
15 35 55 75 95 115 135 155 175 195 215 235 255 275 357 377 397 417 437 457 477 497 707 954 

16 36 56 76 96 116 136 156 176 196 216 236 256 338 358 378 398 418 438 458 478 498 708 956 
17 37 57 77 97 117 137 157 177 197 217 237 257 339 359 379 399 419 439 459 479 499 709 957 
18 38 58 78 98 118 138 158 178 198 218 238 258 340 360 380 400 420 440 460 480 500 710 958 
19 39 59 79 99 119 139 159 179 199 219 239 259 341 361 381 401 421 441 461 481 501 711 959 
20 40 60 80 100 120 140 160 180 200 220 240 260 342 362 382 402 422 442 462 482 502 712 960 
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NAME  

COMPANY  

STREET  

CITY STATE ZIP  

card expires June 4, 1974 

TITLE  

Industry Classification (check one) 
a D Computer & Related Equip. 
b D Communications Equip. & Systems 
c D Navigation, Guidance or Control Systems 
d E Aerospace, Underseas Ground Support 
e D Test & Measuring Equip. 

D 
g D 
h D 
j D 
k D 

Consumer Products 
Industrial Contr & Equip. 
Componen" Ji Subassemblies 
Indepen lent R&D Organizations 
Go.,t.rnment 

1 
2 
3 
4 
5 

21 
22 
23 
24 
25 

41 
42 
43 
44 
45 

61 
62 
63 
64 
65 

81 
82 
83 
84 
85 

101 
102 
103 
104 
105 

121 
122 
123 
124 
125 

141 
142 
143 
144 
145 

161 
162 
163 
164 
165 

181 
182 
183 
184 
185 

201 
202 
203 
204 
203 

221 
222 
223 
:.4 
225 

241 261 ,43363 
24" .o2 344364 
.3 263 345365 

244 264 346366 
245 265 347367 

383 
384 
385 
386 
387 

403 
404 
405 
406 
407 

423 
424 
425 
426 
427 

443 
444 
445 
446 
447 

463 
464 
465 
466 
467 

483 503 
484 504 
485 505 
486 506 
487 937 

713 
714 
715 
716 
717 

6 
7 

26 
27 

46 
47 

66 
67 

86 
87 

106 
107 

126 
127 

146 
147 

166 186 
.b/ 187 

206 
207 

226 
227 

246 
247 

266 
267 

348 368 
349 369 

388 
389 

408 
409 

428 
429 

448 
449 

468 
469 

488 508 
489 509 

718 
719 

8 28 48 68 88 108 128 '.;8 168 188 208 228 248 268 350370 390 410 430 450 470 490 510 720 
9 29 49 69 89 109 129 149 169 189 209 229 249 269 351371 391 411 431 451 471 491701 900 

10 

'Ti,j1') 

30 50 70 90 110 130 150 170 190 210 230 250 270 352372 392 412 432 452 472 492702 901 

31 51 71 91 Ill 131 151 171 191 211 231 251 271 353 373 393 413 433 453 473 493 703 902 
rE 32 52 /2 92 112 132 152 172 192 212 232 252 272 354 374 394 414 434 454 474 494704 951 
13 33 53 73 93 113 133 153 173 193 213 233 253 273 355375 395 415 435 455 475 495705 952 
14 14 54 74 94 114 134 154 174 194 214 234 254 274 356 376 396 416 436 456 476 496 706 953 
15 35 55 75 95 115 135 155 175 195 215 235 255 275 357 377 397 417 437 457 477 497 707 954 
16 36 56 76 96 116 136 156 176 196 216 236 256 338 358 378 398 418 438 458 478 498708 956 
17 37 57 77 97 117 137 157 177 197 217 237 257 339 359 379 399 419 439 459 479 499709 957 
j8 38 58 78 98 118 138 158 178 198 218 238 258 340 360 380 400 420 440 460 480 500710 958 
P) 39 59 79 99 119 139 159 179 199 219 239 259 341 361 381 401 421 441 461 481 501 711 959 
70" 40 60 80 100 120 140 160 180 200 220 240 260 342 362 382 402 422 442 462 482 502712 960 



If the cards below have already been used, you may obtain the 
needed information by writing directly to the manufacturer, or by 
sending your name and address, plus the Reader Service number, 
to Electronics Reader Service Department, Box 2530, Clinton, 
Iowa 52732. 
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P.O. Box No. 2530 

Clinton, Iowa 52732 
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Electronics 
P.O. Box No. 2530 

Clinton, Iowa 52732 

"MI 

Electronics Reprint Service 

Bulk reprints of editorial matter can be 
ordered from current or past issues. The 
minimum quantity is 500 copies. Prices 
quoted on request: call 609-448-1700 
Ext. 5494, or write to address below. 

Bringing Sight to the Blind 
8 pages $2.00 
Key no. R-408 

Logic's New Design Tools 
16 pages $3.00 
Key R-406 

U.S. Market Report 
28 pages $2.00 
Key R-404 

European Market Report 1974 
24 pages $2.00 
Key R-402 

Japan Market Report 1974 
18 pages $2.00 
Key R-400 

The Pervasiveness of Electronics 
Complete issue 284 pages $2.00 
Key no. R-328 

The Optical Spectrum 
$2.00 Key no. R-326 

Semiconductor Memory Systems 
16 pages $3.00 Key no. R-324 

New Electronic Displays 
10 pages $2.00 Key no. R-322 

Planar Interconnection Techniques 
13 pages $3.00 Key no. R-320 

Automotive Electronics 
16 pages $3.00 Key no. R-318 

Hybrid Circuit Technology 
16 pages $3.00 Key no. R-316 

Leadless, Pluggable IC Packages 
Reduce Costs 7 pages $2.00 
Key no. R-312 

Penetration Color Tubes are Enhancing 
Information Displays 6 pages $2.00 
Key no. R-310 

Program for Transition from Non Linear 
to Linear Transistor Model 
6 pages $2.00 Key no. R-308 

Charge Coupling Improves Its Image 
8 pages $2.00 Key no. R-306 

Electromagnetic Spectrum Chart 
Key no. R-213 $2.00 

Electromagnetic Spectrum Report 
16 pages plus Wall Chart $4.00 
Key no. R-211 

Active Filters 
96 pages $4.00 Key no. R-032 

Circuit Designer's Casebook 
162 pages $4.00 Key no. R-031 

To order reprints or for further informa 
tion, please write to: 

Electronics Reprint Department 
P.O. Box 889 
Hightstown, N.J. 08520 

Only orders with cash, check, or money 
order will be accepted. No invoicing will 
be done. 



A.C. LINE REGULATION 3 WIRE SYNCHRO TO 
LINEAR D.C. CONVERTER 

ACCURACY 1/2 % 

10 

=MAC 1422-1 

Provides a linear conversion of 4 

a synchro angle to a DC Voltage +2 

SYNCHRO ANGLE DEGREES 

IRO 135 90 -45 

e 
o 

Specifications 

Accuracy: ±1% over temperature range 
Input: 11.8V, 400 HZ line to line 3 wire synchro voltage 
Output Impedance: less than 10 Ohms 
Input Impedance: 10K minimum line to line 
Reference: 26V +10% 400HZ (Unit can be altered to 

accommodate 115V if available at no extra cost) 
Operating temp. range: —25°C to +85°C 
Storage temp. range: —55°C to +100°C 
DC power: ±15V ±1% @ 75ma (approx.) 
Case material: High permeability Nickel Alloy 
Weight: 6 Ozs. Size: 3.6" x 2.5" x 0.6" 

+45 90 135 PRO 

2 

4 With better 
6 than 
e 1/2  °/0 accuracy 

10 

SOLID STATE SINE-COSINE 
SYNCHRO CONVERTER - 
NON VARIANT 
This new encapsulated circuit converts a 3 wire synchro input to a 
pair of dc outputs proportional to the sine and cosine of the 
synchro angle independent of a-c line fluctuations. 

I• Complete solid state construction. 

• Operates over a wide temperature range. 

NI Independent of reference line fluctuations. 

• Conversion accuracy — 6 minutes. 

• Reference and synchro inputs isolated from ground. 

Specifications Model DMD 1508-2 

Accuracy: Overall conversion accuracy 6 minutes. Absolute value of 
sine and cosine outputs accurate to +30MV 

Temperature Range: 
Operating —40°C to +85°C 
Storage —55°C to +125°C 

Synchro Input: 90V RMS ±.5%LL 400Hz ±5% 

DC Power: ±15V DC ±10% @ 50MA 

Reference: 115VRMS ±5% 400Hz +5% 

Output: 10V DC full scale output on either channel @ 5ma load 

Temperature coefficient of accuracy: 
+15 seconds/ °C avg. on conversion accuracy 

MV/ °C on absolute output voltages 

Size: 2.0" x 1.5" x 2.5" 

Units are available with wider temperature ranges and 11.8V LL, 26V 
reference synchro inputs. Information will be supplied upon request. 

A new method has been developed which allows 
us to provide a low distortion highly regulated 
AC waveform without using tuned circuits or 
solid state active filters of any kind. 

The result is a frequency independent AC output 
regulated to 0.1% for line and load with greater 
than 20% line variations over a wide temperature 
range. 

Features: 

• 0.1% total line and load regulation 

• Independent of • 20% frequency fluctuation 

• 1 watt output 

• Extremely small size 

• Isolation between input and output 

Specifications: Model MLR 1476-1 
AC Line Voltage: 26V +20% @ 400Hz +20% 
Output: 26V -±-1% for set point 
Load: 0 to 40ma 
Total Regulation: +0.1% 
Distortion: 0.5% maximum rms 
Temperature Range: —55°C to +125°C 
Size: 2.0" x 1.8" x 0.5" 

Other units are available at different power 2nd voltage levels as well 
as wider temperature ranges. Information will be furnished 
upon request. 

4 QUADRANT MAGNETIC 

ANALOG MULTIPLIER 
DC x DC DC OUTPUT 

MCM 1478 1-1 

Specifications Include: 

Transfer Equation: E ± XY/10 

X8, Y Input Signal Ranges: 0 to ±10V peak 

Maximum Static and Dynamic Product Error: 1/2% of point or 
2MV, whichever is greater, over entire temperature range 

Input Impedance: X 10K, Y 10K 

Full Scale Output: +10V peak 

Minimum Load for Full Scale Output: 2000 ohms 

Output Impedance: Less than 10 ohms 

Bandwidth: 1000Hz 

DC Power: ±15V, unless otherwise required, at 20ma 

Size: 1.3" x 1.8" x 0.5" 

Output is short circuit protected 

Product Accuracy is 
-± 1/2  % of all theoretical 
product output readings 
over Full Temperature 
Range of —55°C to 
+125°C. 

Maximum Output 
Error for Either 

X = 0, Y = 10V 
Y = 0, X = 10V 
X = 0, Y = 

would be -2:2 MV over 
Entire Temperature 
Range. 

Um!, 90 1 P.m wady, see vu e I ;led 
ThPrP , Nn Substitute In, Reliability 

GENERAL MAGNETICS • INC 
135 Bloomfield Ave , Bloomfield, New Jersey 07003 Tel (201) 743-2700 



ELECTRONIC and ALLIED INDUSTRIES 
Collin:, Radio Co., 2920 First Ave., Cedar 

Rapids, Iowa 
Communications Co., 2700 Ponce de Leon 

Blvd., Coral Gables, Fla. 
Doolittle Radio, Inc., 7421 S. Loomis 

Blvd., Chicago, Ill. 
Electronic Specialty Co., 3456 Glendale 

Blvd., Los Angles, Cal. 
Galvin Mfg. Corp., 4545 Augusta Blvd., 

Chicago, Ill. 
Graybar Electric Co., Lexington Ave. at 

43d St., New York, N. Y. (Sole Dis-
tributors for Western Electric Co., 
New York, N. Y.) 

Hallicrafters Co., 2611 Indiana Ave., Chi-
cago, Ill. 

Hammarlund Mfg. Co., 424 W. 33d St., 
New York, N. Y. 

Harvey-Wells Communications, Inc., 
North St., Southbridge, Mass. 

Howard Radio Co., 1731 Belmont Ave., 
Chicago, Ill. 

Jefferson-Travis Radio Mfg. Corp., 380 
Second Ave., New York, N. Y. 

Karadio Corp., 2233 University Ave., St. 
Paul, Minn. 

Lear-Avia, Inc., 1718 Broadway, Piqua, 
Ohio. 

Midwest Radio Corp., 909 Broadway, Cin-
cinnati, Ohio 

National Co., 61 Sherman St., Malden, 
Mass. 

Radio Frequency Laboratories, Inc., 
Boonton, N. .1. 

Radio Navigational Instrument Corp., 500 
Fifth Ave., New York. N. Y. 

Radio Receptor Co., 251 W. 19th St., New 
York, N. Y. 

RCA Mfg. Co., Camden, N. J. 
Setchell Carlson, Inc., 2233 University 

Ave., St. Paul, Minn. 
Smith Co., Maxwell, 1027 N. Highland 

Ave., Kearny, N. J. 
Sparks-Withington Co., North St., Jack-

son, Mich. 
Taylor Airphone Products, Inc., Municipal 

Airport, Long Beach, Cal. 
Western Electric Co.—see Graybar Elec-

tric, Co. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 
Wilcox Electric Co., 3947 State Line, 

Kansas City, Mo. 

AMATEUR RECEIVERS 

Abbott instrument, Inc.. 8 W. 18th St., 
New York, N. Y. (See page 153.) 

Echophone Radio Co., 201 E. 26th St., 
Chicago, Ill. 

Galvin Mfg. Corp., 4545 Augusta Blvd., 
Chicago, Ill. 

Hallierafters Co., 2611 Indiana Ave., Chi-
cago, Ill. 

Hammarlund Mfg. Co., 424 W. 33d St., 
New York, N. Y. 

Howard Radio Co., 1731 Belmont Ave., 
Chicago, Ill. 

Kaar Engineering Co., 619 Emerson St., 
Palo Alto, Cal. 

Meissner Mfg. Co., Mt. Carmel, Ill. 
Millen Mfg. Co., James, 150 Exchange 

St., Malden, Mass. 
National Co., 61 Sherman St., Malden, 

Mass. 
Philc° Radio & Television Corp., Tioga & 

C Ste., Philadelphia, Pa. 
Pierson-De Lane, Inc., 2345 W. Washing-

ton Blvd., Los Angeles, Cal 
Pilot Radio Corp., 37-06 36th St., Long 

Island City, N. Y. 
Radio Mfg. Engineers, Inc., 111 Harrison 

St., Peoria, Ill. 
Radio Transceiver Laboratories, 120-03 

Jamaica Ave., Richmond Hill, N. Y. 
RCA Mfg. Co., Camden, N. J. 
Smith Co., Maxwell, 1027 N. Highland 

Ave., Hollywood, Cal. 
Tefft Radio Co., Plymouth, Mich. 
Wells-Gardner & Co., 2701 N. Kildare 

Ave., Chicago, III. 
Zenith Radio Corp., 6001 Dickens Ave.. 

Chicago, Ill. 

AUTO RECEIVERS 

Automatic Radio & Television Co., 122 
Brookline Ave., Boston, Mass. 

Calvert Motors Associates, Ltd., 1028 Lin-
" den Ave., Baltimore, Md. 
Cavalier Motors Associates, Ltd., 1028 

Linden Ave., Baltimore, Md. 
Colonial Radio Corp., 264 Rano St., Buf-

falo, N. Y. 
Crosley Corp., 1329 Arlington St., Cin-

cinnati, Ohio 
Delco Radio Div., General Motors Service, 

Kokomo, Ind. 
Detrola Corp., 1501 Beard Ave., Detroit, 

Mich. 

(Electronic Equipment) 

Fada Itadio & Electric Co., 30-20 Thom. 
son Ave., Long Island City, N. Y. 

Farnsworth Television & Radio Corp., 
3700 Pontiac St., Fort Wayne, Ind. 

Calvin Mfg. Corp., 4545 Augusta Blvd., 
Chicago, Ill. 

Howard Radio Co., 1731 Belmont Ave., 
Chicago, Ill. 

Karadio Corp., 2233 University Ave., St. 
Paul, Minn. 

Noblitt-Sparks Industries, E. 17th St., 
Columbus, Ind. 

Radio Products Corp., 3800 W. Cortland 
St., Chicago, Ill. 

RCA Mfg. Co., Camden, N. J. 
Sonora Radio & Phonograph Corp., 2926 

W. Washington St., Chicago, Ill. 
Stewart-Warner Corp., 1826 Diversey 

Pkwy., Chicago, Ill. 
Trav-ler Karenola Tele Corp., 1036 W. 

Van Buren St., Chicago, Ill. 
Trebor Radio Co., Pasadena, Cal. 
Warwick Mfg. Co., 1700 W. Washington 

Blvd., Chicago, III. 
Wells-Gardner & Co., 2701 N. Kildare 

Ave., Chicago, Ill. 
Zenith Radio Corp.. 6001 Dickens Ave., 

Chicago, Ill. 

FACSIMILE RECEIVERS 
Finch Telecommunications, Inc., Passaic, 

N. J. 
RCA Mfg. Co.. Camden, N. J. 

FREQUENCY MODULATION RECEIVERS 
Air King Radio & Television, 1523 63d 

St., Brooklyn, N. Y. 
Ansley Radio Corp., 21-10 49th Ave., 

Long Island City, N. Y. 
Autocrat Radio Co., 3855 N. Hamilton 

Ave., Chicago, Ill. 
Emerson Radio & Phonograph Corp., 111 

Eighth Ave., New York, N. Y. 
Espey Mfg. Co., 305 E. 63d St., New 

York, N. Y. 
Fada Radio & Electric Co., 30-20 Thom-

son Ave., Long Island City, N. Y. 
Farnsworth Television & Radio Corp., 

3700 Pontiac St., Fort Wayne, Ind. 
Freed Radio Corp., 39 W. 19 St., New 

York, N. Y. 
Galvin Mfg. Corp., 4545 Augusta Blvd., 

Chicago, Ill. 
General Electric Co., Appliance and Mer-

chandise Dept., Bridgeport, Conn. 
Hallicrafters Co., 2611 Indiana Ave., Chi-

cago, Ill. 
Magnavox Co., 2131 Bueter Rd., Fort 

Wayne, Ind. 
Meissner Mfg. Co., Mt. Carmel, Ill. 
National Co., 61 Sherman St., Maiden, 

Mass. 
Pacent Engineering Corp., 79 Madison 

Ave., New York, N. Y. 
Philharmonic Radio Corp., 216 William 

St., New York, N. Y. 
Pierson-De Lane, Inc., 2345 W. Wash-

ington Blvd., Los Angeles, Cal. 
Pilot Radio Corp., 37-06 36th St., Long 

Island City, N. Y. 
Radio Engineering Laboratories, Inc., 

35-54 36th St., Long Island City, 
N. Y. 

Radio Receptor Co., 251 W. 19th St., New 
York, N. Y. 

Scott Labs Inc., E. H., 4450 Ravenswood 
Ave., Chicago, Ill. 

Sentinel Radio Corp., 2020 Ridge Ave., 
Evanston, Ill. 

Smith Co., Maxwell, 1027 N. Highland 
Ave., Hollywood, Cal. 

Stewart-Warner Corp., 1826 Diverse)" 
Pkwy, Chicago, Ill. 

Stromberg-Carlson Telephone Mfg.. 100 
Carlson Rd., Rochester, N. Y. 

Zenith Radio Corp., 6001 Dickens Ave., 
Chicago, Ill. 

HOME RECEIVERS 

Air King Radio & Television, 1523 63d St., 
Brooklyn, N. Y. 

Andrea Radio Corp., 4820 48th Ave., 
Woodside, N. Y. 

Ansley Radio Corp., 21-10 49th Ave., Long 
Island City, N. Y. 

Autocrat Radio Co.. 3855 N. Hamilton 
Ave., Chicago, Ill. 

Automatic Radio & Television Co., 122 
Brookline Ave., Boston, Mass. 

Bell Radio & Television, 125 F.. 46th St., 
New York, N. Y. 

Belmont Radio Corp.. 6921 W. Dickens 
Ave., Chicago, Ill. 

Brunswick Radio Div., Mersman Bros. 
Corp., 206 Lexington Ave., New York, 
N. Y. 

Calvert Motors Associates, Ltd., 1028 Lin-
den Ave., Baltimore, Md. 

Colonial Radio Corp., 254 Rano St., Buf-
falo, N. Y. 

Con t i n en tal Radio & Television Corp., 
3800 Cortlandt St., Chicago, Ill. 

Crosley Corp., 1329 Arlington St., Cincin-
nati, Ohio 

Delco Radio Div., General Motors Service, 
Kokomo, Ind. 

De Wald Radio Mfg. Corp., 440 Lafayette 
St., New York, N. Y. 

Doolittle Radio, Inc., 7421 S. Loomis 
Blvd., Chicago, Ill. 

Electrical Research Lab., Inc., 2020 Ridge 
Ave., Evanston, Ill. 

Electromatic Distributors, Inc., 88 Uni-
versity 1'1., New York, N. Y. 

Emerson Radio & Phonograph Corp., 111 
Eighth Ave., New York, N. Y. 

Espey Mfg. Co., 305 E. 63d St., New 
York. N. Y. 

Fada Radio & Electric Co., 30-20 Thom-
son Ave., Long Island City, N. V. 

Farnsworth Television & Radio Corp., 
3700 Pontiac St., Fort Wayne, Ind. 

Freed Radio Corp., 39 W. 19th St., New 
York, N. Y. 

Galvin Mfg. Corp., 4645 Augusta Blvd., 
Chicago, Ill. 

Garod Radio Corp., 70 Washington St., 
Brooklyn, N. Y. 

General Electric Co., Appliance and Mer-
chandise Dept., Bridgeport, Conn. 

General Television & Radio Corp., 1240 
N. Homan Ave., Chicago. EL 

GilfIllan Bros., Inc., 1815 Venice Blvd., 
Los Angeles, Cal. 

Grebe Mfg. Co., 70 Washington St., Brook-
lyn, N. Y. 

Howard Radio Co., 1731 Belmont Ave., 
Chicago, Ill. 

Kadette Radio Corp., 310 First National 
Bldg., Ann Arbor, Mich. 

Leaurehk Radio Mfg. Co., 3918 Monroe 
Ave., Wayne, Mich. 

L'Tatro Mfg. Co., 417 W. Water St., 
Decorah, Iowa 

Magnavox Co., 2131 Bueter Rd., Fort 
Wayne, Ind. 

Majestic Radio & Television Corp.. 2600 
W. 50th St., Chicago, Ill. 

Marconiphone, Inc., 679 Madison Ave., 
New York, N. Y. 

Meissner Mfg. Co., Mt. Carmel, Ill. 
Midwest Radio Corp., 909 Broadway, Cin-

cinnati, Ohio 
Mitchell Mfg. Co., 1550 N. Dayton St., 

Chicago. Ill. 
Noblitt-Sparks Industries, E. 17th St., 

Columbus, Ind. 
Pacent Engineering Corp., 79 Madison 

Ave., New York, N. Y. 
Packard Bell Co., 1320 S. Grand Ave., 

Los Angeles, Cal. 
Paramount Radio Corp., 967 22d St., Oak-

land, Cal. 
Philco Radio & Television Corp., Tioga & 

C Ste., Philadelphia, Pa. 
Philharmonic Radio Corp., 216 William 

St., New York, N. Y. 
Philmore Mfg. Co., 113 University Pl., 

New York, N. Y. 
Pilot Radio Corp., 37-06 36th St., Long 

Island City, N. Y. 
Radio Products Corp., 3800 W. Cortland 

St.. Chicago, Ill. 
RCA Mfg. Co., Camden, N. J. 
Recordovox Inc., 80 Cortlandt St., New 

York, N. Y. 
Remler Co., 2101 Bryant St., San Fran-

cisco, Cal. 
Scott Labs Inc., E. H., 4450 Ravenswood 

Ave., Chicago, III. 
Sentinel Radio Corp., 2020 Ridge Ave., 

Evanston, III. 
Setchell Carlson, Inc., 2233 University 

Ave., St. Paul. Minn. 
Sillcox Radio & Television Co., 60 Wall 

Tower, New York, N. Y. 
Sonora Radio & Phonograph Corp., 2926 

W. Washington St., Chicago, Ill. 
Sparks-Withington Co., Jackson, Mich. 
Stewart-Warner Corp., 1826 Diversey 

Pkwy, Chicago, III. 
Stromberg-Carlson Telephone Mfg. Co., 

100 Carlson Rd., Rochester, N. Y. 
Trav-ler Karenola Tele Corp., 1036 W. 

Van Buren St., Chicago, III. 
Trebor Radio Co., Pasadena, Cal. 
Walsh, Lincoln, 34 DeHart Pl., Elizabeth, 

N. J. 
Warwick Mfg. Co., 1700 W. Washington 

Blvd., Chicago, Ill. 
Westinghouse Electric & Mfg. Co., East 

Pittsburgh, Pa. 
Zenith Radio Corp., 6001 Dickens Ave., 

Chicago, Ill. 
Zepher Radio Co., 13139 Hamilton Ave., 

Detroit. Mich. 
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New 
Photoconductive 
Material 
Rock Stable... . i 
Less Light Memory_ 
New Type 9 photoconductive material is now available l 
in three photocell packages from Clairex — TO-5, TO-ild 
TO-18. Type 9 material is more stable at high 
temperatures and has less light memory than normal 
CdS materials. Type 9 material also has improved 
linearity and broader spectral response. Try Type 9 
material if you have photocell stability problems. 

Call (914) 664-6602 or write Clairex', 560 South Third 1 
Avenue. Mount Vernon. New York 10550. 1 

I 

CLAIREX ELECTRONICS 
!SION OF (1 %MLA ORPORA I loN. 

Circle 902 on reader service card 




