
































































































































































































































































































































































































































































































































































































































PIEZOELECTRIC
TUNING
FORK

LOW PRICE
HIGH RELIABILITY

TYPE : TFQ 697.5Hz~1492.5Hz

20-x8.0"x6.5Wm,
TYPE : TFA 712.5Hz~1500Hz

33" % 10"x 9V m,
(@) \waTA ELECTRIC CO.,LTD.

Mansei Bldg. Rm. 36 1-16, 1-Chome
Soto-Kanda, Chiyoda-ku, Tokyo 101, Japan

INFORMATION RETRIEVAL NUMBER 155

you’re whistling
in the dark.

... if you haven’t had your
blood pressure checked
lately. You could have high
blood pressure and not
know it. It can lead to
stroke, heart and kidney
failure. See your doctor—
only he can tell.

For information
Ask your Heart
Association 4
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Electronic Design

ELECTRONIC DESIGN’s function is:

m To aid progress in the electronics
manufacturing industry by promoting
good design.

m To give the electronic design engi-
neer concepts and ideas that make his
job easier and more productive.

m To provide a central source of
timely electronics information.

® To promote communication among
members of the electronics engineer-
ing community.

Want a subscription? ELECTRONIC DE-
SIGN is sent free to qualified engineers
and engineering managers doing de-
sign work, supervising design or set-
ting standards in the United States
and Western Europe. For a free sub-
scription, use the application form
bound in the magazine. If none is
included, write to us direct for an
application form.

If you do not qualify, you may take
out a paid subscription for $30 a year
in the U.S.A.,, $40 a year elsewhere.
Single copies are $1.50 each.

If you change your address, send us an
old mailing label and your new ad-
dress; there is generally a posteard
for this bound in the magazine. You
will have to requalify to continue
receiving ELECTRONIC DESIGN free.

The accuracy policy of ELECTRONIC
DESIGN is:

® To make diligent efforts to ensure
the accuracy of editorial matter.

® To publish prompt corrections
whenever inaccuracies are brought to
our attention. Corrections appear in
“Across the Desk.”

® To encourage our readers as re-
sponsible members of our business
community to report to us misleading
or fraudulent advertising.

m To refuse any advertisement deemed
to be misleading or fraudulent.

Microfilm copies are available of com-
plete volumes of ELECTRONIC DESIGN
at $19 per volume, beginning with
Volume 1, 1961 through Volume 20.
Reprints of individual articles may be
obtained for $2.00 each, prepaid ($.50
for each additional copy of the same
article) no matter how long the
article. For further details and to
place orders, contact the Customer
Services Department, University Mi-
crofilms, 300 North Zeeb Road, Ann
Arbor, Michigan 48106 telephone
(313) 761-4700.

Want to contact us? If you have any
comments or wish to submit a manu-
script or article outline, address your
correspondence to:

Editor
ELECTRONIC DESIGN
50 Essex Street
Rochelle Park, N.J. 07662

DO COLLEGES
HELP
BUSINESS
AS MUCH
AS BUSINESS
HELPS
COLLEGES?

Yes, they do. But not in
the same proportion.

Business contributes
about 15% of the total vol-
untary support received by
colleges.

But today, business gets
half the college-trained
people who are employed.
Tomorrow, it will need even
more.

As a result, businessmen
should think seriously about
increasing the level of cor-
porate giving to education.
Canyou, as a businessman,
think of a better investment?

For the latest national fig-
ures on corporate giving to
higher education, write on
your letterhead for “CFAE
Survey of Corporation Sup-
port of Higher Education,”
and enclose $2.00 to help
cover costs. Mail to: Coun-
cil for Financial Aid to
Education, 6 East 45th
Street, New York, N.Y.
10017.

Give to the college of
your choice. Now.

JtRlis,  coumci rom

s
$@° si A 10
© v
Ounc'™  zpuCATION

Advertising contributed for the public good.
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Tom W. Carr
Vice President &
Sales Manager
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(Advertisement)

The First Spectrum Analyzer-Calculator
Simplifies Noise & Vibration Analysis in Real Time

Ampl. diff. (in dB)

the new Ubiquitous®”
Spectrum Analyzer 500A

Federal Scientific Corporation an Affiliate of Nicolet Instrument

New Ubiquitous® UA-500A is world'’s first combination 500-
line spectrum analyzer-averager that automatically calcu-
lates (computes): absolute frequency & amplitude in dB or
% of full scale; relative amplitude above and below your
calibration signal; frequency deviation from your chosen
reference frequency; frequency in Hz and CPM (cycles/min.)
for ease in reading RPM; which peaks are harmonically re-
lated by isolating them from others with harmonic markers
or eliminating all else from the CRT display. Applications
simplified include: machine diagnosis, rotating machine
analysis, noise source identification, mechanical signatures,
underwater acoustics, and noise reduction. Built-in dual
memory averager allows comparison of past & present data.
Small, portable, only 8%” high. Highest speed: real-time
100% analysis to 10kHz. Thirteen ranges from 0-10Hz to
0-100kHz providing analysis bandwidths of .02Hz to 200Hz
(also 0-5mHz direct input). Simplest to use.

CIRCLE NO. 171

615 West 131st St., New York, N.Y. 10027 (212) 286-4400 TWX: 710 581 4059

“USING OPERATIONAL POWER SUPPLIES”
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KEPCO

Kepco, Inc.

131-38 Sanford Avenue, Flushing, New York 11352

A new 32-page handbook is offered by Kepco, Inc.,
to engineers and designers on ways to get the most
from programmable power supplies.

The Kepco text approaches a power supply from
the point of view of its signal processing capability,
and develops equations to define gain, linearity, off-
set, speed, bandwidth.accuracy, etc.

Using Operational Power Supplies also devotes con-
siderable space to the problems of digital interface,
reviewing the hardware by which Kepco Bipolar and
Unipolar Operational Power Supplies can be controlled
by digital logic. Send for your free copy.

CIRCLE NO. 172

Phone: 212-461-7000, Ext. 742

FAST

ELSYTEC INC.
212 Michael Drive, Syosset, New York 11791

o R S SR R R
OURIER TRANSFORM PROCESSOR FOR $6,000

The 306 /MFFT Fast Fourier Transform Processor is
delivered with all control programs and plugs directly
into any Data General Nova computer. It offers a
complete Fourier Transform capability including For-
ward and Inverse FFT, Spectral magnitude, Hanning
Weighting, and Complex Multiplication. Arrays from
16 to 16,384 real samples can be processed. An
array of 1024 real samples is transformed in only
139 ms.

Time domain signal processing functions, such as
correlation and convolution, can be calculated utiliz-
ing the high speed array operations X, +, +, —, V
and X.

Call or write today for brochures on 306 /MFFT or
Elsytec’s complete line of Fourier Spectrum Analyzers
and Higher Speed Hardware Fast Fourier Transform
Processors. CIRCLE NO. 173

(516) 364-0560
199



recruitment
and
classified ads

o] R
SAME DAY SHIPMENT
Minis & Peripherals
PDP SPECIALISTS
8, 8l, 8L & 11

NEW 300 LPM
PRINTERS
PDI CARD READERS
BRPE PUNCHES
$750 Minis
TELETYPE 35 & 37
DEC & HONEYWELL Modules
617/261-1100

Send for Frae Report ‘‘Maintenance
of Computers’’

AMERICAN USED COMPUTER CORP.
P.0. Box 68, Kenmore Sta.
Boston, MA 02215 3
Members C ter Dealers A tion

A -

CIRCLE NO. 239

FREE ALARM CATALOG

Full line of professional burglar and
fire alarm systems and supplies. 96
pages, 450 items. Off the shelf delivery,
quantity prices.

mountain west alarm
4215 n. 16th st., phoenix, az. 85016

CIRCLE NO. 240

The President’s Committee

on Employment of the Handicapped
Washington, D.C. 20210
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AMP Incorporated ....... 25526227, 28
AnLPProducts, dnc. st e S s 196
Abbott Transistor Laboratories, Inc. 6

Acopian Corp.
Airpax Controls Division .
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Amerace Corporation,

Control Products Division ........... 37
American Laser Systems ................... 197

Amphenol Connector Division,
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Beckman Instruments, Inc.
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of Globe-Union, Inc. ........... 52, 52A
Center for Technical Development,
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Dale Electronics, Inc. ................ Cover 11
Data’ Display “Preducts ... .. ... 130
Data Precision Corporation ... 162
Datel Systems, Inc. ........c..... Cover II1
Decitek, A Division of Jamesbury

D A e e e 189

Delco Electronics, Division of
General Motors Corporation 122, 123
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Dialight Corporation ............ 161
Digital Equipment Corporation .29
Digitran Company, The ......... 142

Dormeyer Industries, Inc. 1
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ConpY Sy R L T 148, 149
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Energy Electronic Products ............. 196

Fairchild Systems Technology, A
Division of Fairchild Camera and

Instrument Corporation ... 62, 63
Federal Scientific Corporation ........ 199

Ferroxcube Corporation ... 145
Fuji Electrochemical Co., Ltd. .......
Fujitsu Limited

Function Modules, Inc. ................ 138
GTE Sylvania Incorporated ............ 52D
GTE Sylvania, Parts Division ............ 47
General Automation, Inc. ....... 100, 101
General Electric Company ................ 166
General Electric Company, Display

D EVICES . o cviin i, i A 112 113

General Electric Company, Semi-
conductor Products Department ....139

Goldi'Book:,. The |5 fel e 194, 195
Hamlin, Inc. oo raia st 8
*Hayden Book Company, Inc. ........ 52B
Hewlett-Packard ........ 1,798.+5971169.129

Hughes Aircraft Company,
Electron Dynamics Division
Hybrid Systems Corp. ..............

Hycom

Indiana General' .ot 43
Information Retrieval Card ........204A-B
Tnselek; Inc. e ol e 131

Instrument Specialities Company,
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International Rectifier ...

Intersil ......... 137
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Janise Electronic Specialties, Inc. ....197
Johanson Manufacturing Corp. ........ 196
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Keithley Instruments, Inc.
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LVC Industries, Inc., Co-ord Switch 168
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Licon, Division of Illinois Tool
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Measuring Instruments Dept.
Piezo Technology, Inc. ...
Plessey Semiconductors ...
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RCA Solid State

Radio Materials Company
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Risk Industries, Inc., Geo.
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Sealed Air Corporation .........
Semiconductor Circuits, Inc. ...
Servo-Tek Products Company
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Siemens Corporation,
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Products, Inc.
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TRW Capacitors, an Electronic
Components Division of
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TRW, Electronic Components
TRW/Globe Motors, an Electronic
Components Division of TRW,

.................................................. 204
TRW/IRC Resistors, an Electronic
Components Division of TRW, »
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TRW/UTC Transformer, an
Electronic Components Division
OECTTRW el B i o an 85
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Thermalloy., Company: ......v.oheiiis 1
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Thomas & Betts Company, The
SODRZ S BICCHIONICS | e fd b 5t 1

L ST Components, INC. ..o 201

Unimax Switch Corporation ......... 51

Unitrack Division, Calabro Plastics,
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United Detector Technology, Inc. ....196

Varo Semiconductor, Inc. ..............
Vernitron Control Components ..
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USC uPcC/REPC
CONNECTORS

Draw-Pull and Screwlocking. Built to
MIL-C-55302 & Commercial Specifica-
tions. Printed Circuit & Related Appli-
cations. REPC Connectors are Remova-
ble, Re-Entrancy, Crimp Contact Types

1 of over 20,000 Connector Types
Manufactured. Send today for UPCC-
REPC-A Series 32-page Catalog

U.S. COMPONENTS, INC.

Leader in advanced engineering design
1320 Zerega Avenue
Bronx, N.Y. 10462
(212) 824-1600 TWX: 710-593-2141
Cable: COMPONENTS, NYK

INFORMATION RETRIEVAL NUMBER 156

NGUSES

PLETE RELAY SERVICE
TOOL-KIT

18-piece tool set includes every-
thing needed to service, align,'
check and maintain relays. In-
cludes: Contact Burnisher with ex-
tra blades, Spring Tension Gauge,
Wrenches, Thickness Gauge Set,
Inspection Mirror, etc. All in
handy Vinyl Case; with Instruc-
tion booklet.

No. TK-18 Kit. .o . .uiie. $38.60

P. K. NEUSES, INC.
Box 100 — Arlington Heights, 11l. 60006
Bewmmsmm PRECISION TELE-COMMUNICATION TOOLS

INFORMATION RETRIEVAL NUMBER 157
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product index)

Information Retrieval Service. New Products, Evaluation Samples (ES), Design Aids
(DA), Application Notes (AN), and New Literature (NL) in this issue are listed
here with page and Information Retrieval numbers. Reader requests will be
promptly processed by computer and mailed to the manufacturer within three days.

Category Page IRN Category Page IRN
Components Data Processing
capacitor, electrolytic 171 120 CRT terminal (NL) 190 404
capacitor, solid-electro- calculator, pocket 93 54
lyte 168 331 calculator system 69 246
capacitors 24 20 computers 107 57
capacitors 35 24 controller, CRT 156 303
capacitors 105 56 controller, data 158 307
capacitors 166 114 display, graphic 154 301
capacitors 172 341 keyboard 154 300
capacitors, chip 180 1 +130 loader, program 154 298
capacitors, film 193 149 memory board, MOS 152 294
circuit breaker 166 329 memory cards 148 90
components 19 16 memory, disc 152 295
connectors 176 123 memory, disc 158 306
connectors 201 156 memory, mag tap 156 305
controls 111 58 microcomputer 158 308
controls, pushbutton 51 32 minicomputer 158 309
display, numerical 170 334 modem, data 156 304
displays 30 22 processor, array 152 296
displays, liquid crystal 16 14 reader, paper tape 156 302
encoders, optical 161 105 storage, floppy-disc 154 299
ferrite cores 53 40 switches, crosspoint 152 297
ferrites 43 28 tape reader 189 145
fuse, semiconductor 140 80
lamps, lead 193 148 Discrete Semiconductors
lamps, neon 57 42 | diodes, power 182 367
meter, relays 164 111 display, LED 7-seg 185 370
motor, linear 1720+ 339 display products 113 59
motors 204 159 LED, red diffused 182 366
motors, ac 157 99 LEDs 130 69
motors, dc torque 162 109 LEDs, green 184 368
networks, resistor 166 327 lamps, LED panel 182 362
potentiometers, comp. 166 330 opto-electronics 7 6
reed relay, latching 170 335 rectifier bridges 177" . 125
relay, solid-state 2 2 rectifiers, bridge 164 112
relay, volt sensitive 172 338 SCRs 136 76
relays 158 102 SCRs 155 97
relays 159 183 switch/indicator, LED 152 94
resistor network 45 29 | thyristor, high power 182 364
resistor, trimmer 170" =337 thyristor, power 184 369
resistors I 241 transistor, high-energy 123 64
resistors 163" 110 transistors, power 185 371
resistors, thin film 172 340 transistors, uhf 182 365
solenoids 183 132 | transistors, uW 182 363
solenoids 187 141 unijunctions 139 79
switch, pluggable 128 67
switches 23 19 Instrumentation
switches 84 49 | alphanumeric printer 188 143
switches 121 63 attenuators 132 266
switches 193 147 bridges 141 82
switches (NL) 190 393 | counters, high frequency 117 61
switches, indicator 161 107 DMM 130 263
switches, pushbutton 52A 34 DMM 168 116
transducer, speed 168 333 DPM 132 265
transformer, hybrid 166 328 DVMs 59 43
transformers 85 50 digital tester 128 259
trimmer, cermet 168 332 | function generator 128 260
tuning fork 198 155 function generator 130 262
valves, solenoid 170 336 IC functional tester 151 93
voltage divider 132 71 IC, tester 91 53

202

Category Page IRN
instruments, program-

mable 54 41
keyboard, program-

mable 126 66
laser trimmer 133 268
multimeter, 4-1/2-digit 162 108
noise analyzer 133 267
oscilloscope, mini 153 95
phasemeter 12 10
phasemeier 127 250
power amplifier 130 261
rf millivoltmeter 128 258
SCR tester 130 264
scope, general-purpose 129 69
signal sources 79 48
synthesizer 128 257
tachometer, control 165 113
tester, IC 63 45
voltage divider 142 83
voltmeter, phase-angle 146 88
Integrated Circuits
booster current 138 275
chip, calculator 138 273
counter, 21-stage 136 272
demodulator, 4 channel 141 279
dividers, CMOS 141 278
IC, calculator 136 269
IC, SOS/CMOS 131 70
ICs, linear 17 14
ICs, linear v 243
processor, SOS 101 55
RAM, ECL 138 274
RAM, 2-5-6-bit 134 256
register, a/d 140 277
register, 16-bit 138 276
switches, FET 136 271
switches, MOS 136 270
thermistors 186 138
Microwaves & Lasers
amp, radar distribution 173 344
attenuator 174 348
filters 174 347
generator, pulse 174 350
isolator, circulator chips 173 342
klystron 174 345
load 173 343
mixers, double-balanced 203 158
synthesizers 174 346
transponder 174 349
Modules & Subassemblies
active filters and

op amps (NL) 190 403
amplifier 187 140
amplifier, power 150 293
clock, quartz 149 288
control, speed 146 286
converter, a/d 150 92
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Category Page IRN Category Page IRN
converter, a/d 150 292 regulators 184 136
converter, d/a 142 253 transducer supply 181 361
converter f/v 146 283 voltage regulators 169 118
converter, s/d 146 285

converters, s/d 144 282

crystal filter Hg 1%8 y

DAC, CMOS

DAC, iR 8 78 new literature

DAC, 12-bit Se ST

dc op amps (NL) 190 393 acg“;eafgt‘fgs e 150 A
dialer, telephone 150 291 | . hdpass filters 192 410
equalizer, audio 149 287 CRT terminal 190 404
filters gi 5’ centrifuge rotors 192 413
filters 181 131 | clutches and brakes 192 411
filters ; computer products 192 420
module, power transistor 144 281 dc op amps 190 398
op. amps 135 75 | 4¢ power supplies 190 394
oscillators, crystal 149 289 dc power supplies 192 407
oscillators, crystal 180 129 DPMs 190 405
system, data-acquisition 122 ggg digital signal processor 192 418
transducer, power Eastman-Kodak index 192 421
transmitter, signal 146 284 environmental instru-

: . ments 190 396
Packaging & Materials furnace tubes 192 419
boards, general purpose 172 121 green LEDs 192 408
boards, matrix 168 117 handbook, a/d and d/a
bus 161 106 converters - 242
cable ties 49 31 | handbook, lamp 70 46
cards, pc 176 123 | impulse counter 190 399
cleaner, aerosol 17355122 inductors and com-
components, connector 157 101 ponents 190 406
connector, multipin 162 322 | |a5er cutting 192 417
connector pin 132 72 | Jasers and accessories 190 402
connectors, pc 37 25 | jow speed modems 192 412
connectors, pc 125 65 | material test system 192 414
contacts : 144 86 | microwave products 192 409
enclosure, mag-shield 165 325 pc card guides 192 416
epoxy adhesive 165 326 | polyester PTFE blends 190 395
film, pc 164 324 | ,ise generators 190 400
flat cable connector 20 17 ribbon cable 192 422
gold on lead frame 47 30 | security monitor 192 415
heat pipes 167 115 | seminars 179 128
heat sinks 134 74 | solid-state sweeper 190 401
heat sinks 162 . 320 switches 190 393
heater elments 164 323 tape recorder/
interconnections 15 13 reproducer 190 397
isolator, mobile process 90 52 | video editing equipment 192 = 423
jumper strips 162, 321
knobs & dials 183 133
labels 188 144
lead bender 1(759 ;g; 5 d
material, resistive 160
panels 184 135 deS|gn aias
paste, dielectric 160 310 fused quartz 186°"""375
semi packaging materials 11 9 magnetic shield 186 372
springs and contacts 119 62 optically coupled
substrates and circuits 147 89 isolators 186 373
systems, thick-film 52 33 phase-loss protection 186 377
tool kit 201 157 rotating machines 186 376
tubing, shrinkable 187 139 soldering solutions 186 374
yokes and coils 185 137
Power Sources + . :
compact supplies 176 35
dcﬂdc converter 178 323 appllcatlon nOteS
dc/dc converters IISgie 3 7
dual-output units 180 358 E?a'%‘é,'attg& chart 156 382
et 178 338 | heating materials 186 379
ab supply 176 35 high-voltage capacitors 186 381
L‘:‘g’a"‘igfgse sulpply i;g 355,431 spacer selector 186 383

u upp y wgw w
open frame supply 180 359 v/s sensitivity selector 186 372
power sources 156 98
power supplies 6 5
power supplies 41 27
power supplies 87 51 i
power supplies 191 146 evaluatK)n Samples
power supply module 178 355 multipurpose lubricant 188 385
regulator, switching 140 81 universal wiring panel 188 384
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DOUBLE-
BALANCED
MIXERS

Great Value at

$ 95

500 piece
quantities.

$9.95 in quantities of 1 to 49 pieces

DC-500MHz
6dB conversion loss
40dB isolation
EMI shielded case

B

A breakthrough in technol -
ogy and high production volume
enables Mini-Circuits Laboratory
to offer these new products at
an unprecedented low price.

Intoday’s tough competitive
market can you afford not to use
these remarkably low priced and
high performance units?

Ruggedness and durabitity-
are built in the SRA-1. These
new units are packaged within
an EMI shielded metal enclosure
and hermetically sealed header.
They use well matched hot-car-
rier diodes and uniquely de-
signed transmission line trans-
formers.

We invite you to convince
yourself. Place your order now
and check our delivery, product
performance and reliability.

Mini-Circuits
[+ Laboratory

2913 Quentin Rd., Brooklyn, N.Y. 11229
(212) 252-5252, Int'l Telex 620156
A Division Scientific Components Corp.

*FRANCE: S.C.I.E., *31, rue George-Sand, Palaiseau
91, France *GERMANY, AUSTRIA, SWITZERLAND:
Industrial Electronics GMBH, *Kluberstrasse 14,
6000 Frankfurt/Main, Germany *UNITS IN STOCK

ENGLAND; Dale Electronics: Dale House, Wharf
Road, Frimley Green, Camberley, Surrey. JAPAN;
Denisho Kaisha, Ltd.: Eguchi Building, 8-1, 1-
Chrome, Hamamatsucho, Minato-Ku, Tokyo.

*UNIT IN STOCK.

INFORMATION RETRIEVAL NUMBER 158
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Your design was
beautiful, but you got
a hot mini motor and no
space for cooling.
Now what do you do?

- 28"

Y

—t

[y —-»-«~a-«

I 7

Good time to call TRW/Globe. Chances are good
we can rescue your dream design from the poten-
tial wastebasket.

One of our precision miniature motors and blowers
can probably fit the same shape with equal or
better performance.

Designers constantly come to us with their occupa-
tional hazard: changing parameters. “Got to get
more torque in the same space.” “Now we need a

i...‘,,_mnm_____

i
R an
fee 3

| & §pum— ,,,, } - 14"

limit switch and a brake.” ‘“Our service people
want a motor they can forget.” “Some dingaling
forgot about this motor, so now it has to fit way
back in there.”

The ways we can help you cope with changing
parameters are described in our free booklet:
“Quick-change Artists.” TRW /Globe Motors, an
Electronic Components Division of TRW Inc.,
Dayton, Ohio 45404 (513-228-3171).

TRW GLoBE MOTORS
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The solid-state janitor.
If you want to design one tomorrow,

we're ready with your linear ICs today.

Whatever you conjure up, we custom requirements and offer rienced field engineering and
can help make a reality. proprietary types. applications support. As well as a
Maybe you're looking ahead We can help you with other commitment to excellence in
to remote control using Digital to products, too. We're a commodity everything from research to
Analog Converters, to advanced supplier of power transistors; a manufacturing.
mobile communications equip- recognized leader in CMOS; devel- So whatever you're into, and
ment, even to a completely opers of liquid crystal displays; whatever you need, check with us
automated factory. However technology innovators of RF com- first. Chances are one or more of
advanced your design, we have a ponents; and a major supplier of our products anticipate your needs.
full house capability to help you thyristors. A good place to start is to check our
get from the drawing board to the In addition to comprehensive handy product-line guide. Write
real world. We can supply the technical product data, RCA also RCA Solid State, Section 57F21,
popular standard types, meet your gives you professional and expe- Box 3200, Somerville, N.J. 08876.

RGASE

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