
















































































































































































































































































































































































































































































































































































































Advance through continuing educa­
tion. 5 complete design courses in 
Digital Circuits, IC Logic, Power Sup­
plies, MOS/FET & J/FET Ckts 
UJT Ckts. Programmed testing, in­
structor aided courses help you per­
form better on the job. Write Gene 
Presta, V. P., Academic Affairs, The 
Center For Technical Development, 
2876 Culver Ave., Dayton, Oh. 45429. 

INFORMATION RETRIEVAL NUMBER 494 

Win with EC" s "DIP Series" lumped 
constant delay lines. Packaged in a 
low silhouette epoxy encapsulated 
14-pin dual in-line configuration, 
EC' offers over 200 variations of 
either fixed or tapped delays, from 4 
to 150 nanoseconds. Engineered 
Components Company. 3580 Sacra­
mento Drive, San Luis Obispo, Ca. 
93401. 805-544-8000. 

INFORMATION RETRIEVAL NUMBER 500 

5 x 20 COAXIAL RELAY MATRIX fea­
tures thruput connection for indef­
inite X, Y, expansion. Unit employs 
high reliability reed switches which 
may be computer controlled thru 
plug-in compatible control logic. 
Dual 5 x 10 unit also available in 
same package size. MATRIX SYS­
TEMS CORP., 9411 Lurline Ave. , 
Chatsworth, Ca . (213) 882-2008. 
INFORMATION RETRIEVAL NUMBER 506 

UDT offers a complete line of silicon 
photodiodes. Schottky for large area 
and enhanced UV responsivity, 
planar diffused for low noise and ex­
tended responsivity, photops (detec­
tor /amplifier combinations), special 
arrays and detectors to customer 
specifications. United Detector Tech­
nology, 1732 21st St. , Santa Monica 
Ca 90404. (213) 829-3357. 
INFORMATION RETRIEVAL NUMBER 495 

I E18cbW: Daslgll24 
i 

A collector's item . . . 20th anniver­
sary issue of Electronic Design (11 / 
23/72) salutes 25th anniversary of 
the transistor, features milestones in 
design over past quarter century . 
Rare nostalgic view of industry. Fas­
cinating reading. $2 per copy pre­
paid . Checks. money orders : Elec­
tronic Design, Promotion Mgr., 50 
Essex St., Rochelle Park, N.J. 07662. 
INFORMATION RETRIEVAL NUMBER 501 

.;. 

Quartz Crystal Oscillator Kits for 
$27. Make bipolar series or CMOS 
parallel resonant oscillators. Kits in · 
elude 5 or 6 SX-1 crystals (10 kHz to 
240 kHz) , in low profile T0-5 cans, 
a PC board (1:3" x 1.6") and design 
note. Statek Corp., 1233 Alvarez 
Ave., Orange, Calif. 92668. (714) 
639-7810. 

INFORMATION RETRIEVAL NUMBER 507 

Big power supply for little spaces. 
115 VAC, 50-500 Hz input. 1 to 6 . 
isolated & regulated DC outputs. 
120 W per output. 3.9 W delivered 
per cu. in. Modular construction lets 
you "Design-As-You-Order". 0 v er 
1200 configurations using off·the­
shelf modules. Immediate deliveries! 
Arnold Magnetics Corp., Culver City, 
Ca . (213) 870-7014. 
INFORMATION RETRIEVAL NUMBER 496 

Electrolytic Capacitors with a wide 
range of capacitance and working 
voltages in a computer grade elec­
trolytic. Temperature range -40°C 
to +85°C. Screw terminal solder 
tag, single ended and axial lead 
types available. Pye TMC Canada 
15 . Sheffield Street. Toronto, on'. 
tario. 249-7044. 

INFORMATION RETRIEVAL NUMBER 502 

Digital to synchro converters-14, 
12 or 10 bit input, l 1.8/90V, 400 or 
60Hz transformer isolated· output, 
accuracy ±4, ± 15 or ±30 min. Driv­
ing IVA, 2VA (2.6" x 3.1" x 82"H 
module) or 5 VA loads (4lh " x 9114 11 

pc card). Price from $350 in qty. 
Computer Conversions Corp. , East 
Northport, N.Y. 11731 . (516) 261-
3300. 

INFORMATION RETRIEVAL NUMBER 508 



Electronic Design 
ELECTRONIC DESIGN'S function is: 

• To aid progr!!SS in the electronics 
manufacturing industry by promoting 
good design. 
• To give the electronic design engi­
neer concepts and ideas that make his 
job easier and more productive. 
• 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 postcard 
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. 
• To refuse any advertisement deemed 
to be misleading or fraudulent. 

Microfilm copies are available of 
complete volumes of ELECTRONIC DE­
SIGN at $19.00 per volume, beginning 
with Volume 9, 1961. Work is now 
in process to complete the microfilm 
edition of Volumes 1-8. 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, addre·ss your 
correspondence to: 
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Editor 
ELECTRONIC DESIGN 

50 Essex Street 
Rochelle Park, N.J. 07662 

Design Data from 

HOW REAL-TIME SPECTRUM ANALYSIS PINPOINTS THE CAUSES OF 
FLUTTER & WOW IN TAPE RECORDERS. 

•• 
I HO~=~ THE ORIGIN OF 

TAPE RECOROER 
FLUTTER AND WOW 

Even the finest magnetic tape recorders/ reproducers exhibit some 
unwanted tape-speed fluctuations due to flutter, wow, stiction, & 
imperfections in tape itself. 4-page technical paper presents 
actual data which illustrates the diagnostic value of on-line high­
resolution spectrum analysis in the maintenance & evaluation of 
tape transports. A fine-resolution (500-linel spectrum analyzer 
easily resolves otherwise-missed flutter & wow contributions due 
to unbalance in reels, capstans, idlers, etc. In contrast, measure­
ments taken with commercia I flutter & wow meters lump together 
the effects of these disturbances, thereby greatly diminishing 
the diagnostic value of these measurements. Also shows how to 
convert flutter data, obtained with a high-resolution spectrum 
analyzer, to percentage peak-to-peak flutter, & how to make an 
on-line measurement set-up. 

CIRCLE NO. 171 

Federal Scientific Corporation An Affiliate of Nicolet Instrument 
615West131st St., New York, N.Y. 10027 (212) 286-4400 TWX: 710 581 4059 

Low-Noise High-Gain Preamplification 
-...., 

LOW-NQISt, l'l'.tAMl'UJlf.I. I 

. ' : ... 

p 
A 

, R 

I 

I 
- _) 

Complete specifications of a variable-bandwidth high­
gain preamplifier are contained in the Model 113 
data sheet , T-224 . Included are typical noise figure 
contours illustrating the amplifier's exceptionally low 
noise, which is as low as .05 dB at mid frequencies 
with a 1 megohm source. Other illustrations include 
typical plots of the equivalent input noise and com­
mon mode rejection, which exceeds 100 dB at 60 Hz 
at all gain settings. The data contained in the specifi ­
cation sheet will be of interest to all engineers and 
researchers looking for a preamplifier with calibrated 
gain and rolloffs from de to 300 kHz. 

Princeton Applied Research Corporation 
Box 2565, Princeton, New Jersey 08540 - (609) 452-2111 

SEMINARS ABOUT 

INTEL MICROPROCESSORS 

INTRODUCTORY WORKSHOP 

In this twe>-day progr1m yau II be int1oduced IO Ille Intel MCS-ol MCs-8 II"<! BOBO 
w1tn l'landl·Cln .. perience in wnbng ••mbhng and CIOOuggmg of '"111111 
programs 

(2 my. M~ & Tu.o.y S325 or S30CIJ' 

PROGRAMMING LANGUAGES AND SOFTWME 

For 811.pen9nC«t -• or lhoA who .... lll9r'ldecl me worklhop. Cho• Mll'nl'*" pro­
vldH ut1den!Md1ng ol lhl progtM'lfl'lllfl tool• How ID .. ploot lhe •Mmblets slCI 
11mulator1. the proper UM ot dl!C>uggtng lottw••· and programmng 1n P\.IM will 

beooveu1d 1109y, Weclneti»y. Sl50orS125) 

INTRODUCTION TO MICROPROCESSORS 

For !hose IDO l;)./l'f IO lll«ld Che wotklhop we on. this Ol'le·ds'f coMer!MCI 
~at whlcn lhelellutesot !he MCS.4, MCs-8 II"<! l!IOllO •e 1111 oescttbed 
Thi• _,..IW' tltMr• no hanrfs..D'IPP9'"'1Ce 

( 1Gay . W«l~'f. S150orS125) 

DESIGNING WITH MaOPROCEUOAI 

Thi• stwrllllllf II.,,,., at lhl •ystem dellgner Who Undefltands the Oller all IU1u1n 
ol lhe MCS-4. MCs-8 II"<! 8000. 1).11 ""°' 10 know how lo mterllee lo TTL and 
CMOS. II"<! how 10 fTllk• the lleSI hltdw•e.-.oltw•e lrlde-Olfl 

(2cs.p. Thu~&Fnoa.,. S225orS200) 

SEMINARS ABOUT 

NATIONAL MICROPROCESSORS 
APPUCAOON OF NAT10NA1.." I MICROPROCESSORS 

Th1 ~1-cour• II ., lnter11rwt mt•oduci°' to Nauon•I Semioonductor • IMP.a 
IMP-16 II"<! GPCrP Emprmil Wiii be on how lo use these p!oduClt lf'I lySleml. 
how 10 onlsf&tl , and how IO progr.,,. them L'""!ed lwinoh-on O!lpot>enc:O wtll bo .. ~-

(3days, "4on-W.:1 O!Wed·Ffl .• Sl500fS3251 

PHILAOELPHlA WASHINGTON 

May 13-14 June 3-4 

May 15 June 5 

May 15 June 5 

May 16-17 June 6-7 

WASHINGTON NEW YORK 

May June 
29-30-31 17-18-19 

CIRCLE NO. 172 

NEW YORK BOSTON 

July 8-9 August 19-20 

July 10 Aug 21 

July 10 Aug. 21 

July 11-12 Aug. 22-23 

PHILADELPHlA ATLANTA 

July July 31 

24-25-26 Augusl 1-2 

·n. lower pr1c9111w.,.1 ,.....Ht If,_, lltt.nd MOtherof our 
.-nlMn In lhl• ..n.. MICROCOMPUTER TECHNIQUE, INC. 

11227 Handlebar Ad. Reston, Va. 22091 
(703) 620-9676 CIRCLE NO. 173 
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Manufacturers 
Advertisements of booklets, brochures, catalogs and data sheets. To order use Reader-Service Card 

( Advertisem"nt l 

FAST FOURIER TRANSFORM PROCESSOR FOR $6,000 

ELSYTEC INC. 

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 ~. 
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. 174 

212 Michael Drive, Syosset, New York 11791 (516) 364-0560 

•. .for hioo-voklne. 
low-cost 

productioo testily 

NEW, LOW COST 
COMPUTERIZED 
CARD TESTER 
New 8-page brochure details low priced, automatic 
system for Production or R ·& D testing of p.c. cards 
and other assemblies. Available in 80- or 160-pin 
versions. Requires no software or special computer 
programming skills. 
Ideally suited for go-no-go testing, depot troubleshoot­
ing and fault isolation. Recording and reloading of 
test procedures through magnetic cards. Exceptional-
ly easy to operate. Request Bulletin 2000 describing 
the Series 2000 Tester from Technology Marketing 
Incorporated, 3170 Red Hill Ave ., Costa Mesa, CA. 
92626. 

Technology Marketing Incorporated 
3170 Red Hill Ave., Costa Mesa, CA. 92626 

CIRCLE NO. 175 

It illls the 111tre envimrert witlWi the reach of the cmµrter. 

LOW POWER CASSETTE 
DATA ACBUISITION AND 
LOGGING SYSTEM 
• Sixteen channel analog input 
• Digital input for timing information 
• 12 bit A/ D resolution 
• 12VDC battery operated 
• 900 milliwatts maximum power 

consumption 
• C/MOS logic throughout 
• True incremental recording 
• Certified Phillips cassette 
• 2.2 million bit capacity 
• Total weight 2 lbs. 
• Cassette reader for computer entry 

@DAJEL 
~ SYSTEMS, INC. 
DA"Dl L.Dl3l3EH 

CIRCLE NO. 176 

1020 Turnpike Street, Canton, Mass. 02021 
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Electronic Design 
Advertising Sales Staff 

Tom W. Carr 
Vice President & 
Sales Manager 

Rochelle Park, N.J. 07662 
Robert W. Gascoigne 
Daniel J. Rowland 

(Recruitment, Quick Ads, Classified) 
50 Essex Street 
(201) 843-0550 
TWX: 710-990-5071 

Philadelphia 
Thomas P. Barth 
50 Essex Street 
Rochelle Park, N.J . 07662 
(201) 843-0550 

Boston 02178 
Gene Pritchard 
P.O. Box 379 
Belmont, Mass. 02178 
(617) 489-2340 

Chicago 60611 
Thomas P. Kavooras 
Berry Conner, Jr. 
200 East Ontario 
(312) 337-0588 

Cleveland 
Thomas P. Kavooras 
(Chicago) 
(312) 337-0588 
(call collect) 

Los Angeles 90303 
Stanley I. Ehrenclou 
Burt Underwood 
2930 Imperial Highway 
Inglewood, Calif. 
(213) 757-0183 

San Francisco 94022 
Jerry D. Latta 
P.O. Box 1248 
Los Altos, Calif. 
(415) 965-2636 

London 
For United Kingdom and Europe 

John Ashcraft 
John Ashcraft & Co. 
12, Bear St. 
Leicester Square 
London WC2H 7AS England 
Phone: 01-930-0525 
W. J. M. Sanders 
John Ashcraft & Co . 
Herengracht 365 
Amsterdam C., Holland 
Phone: 020-24-09-08 

Tokyo 
Haruki Hirayama 
Electronic Media Service 
5th Floor, Lila Bldg .. 
4 -9-8 Roppong 
Minato-ku 
Phone: 402-4556 
Cable: Electronicmedia, Tokyo 

tfABP 
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NUCLEAR INSTRUMENT 
& CIRCUIT DESIGN 

ENGINEERS 
IMMEDIATE 
DELIVERY 

Minis & Peripherals 
DEC- HIS - NOVA 

SEL - HP - MOHAWK 
CPU, Card, Printer, Tape, Disk 

NEW • MOHAWK 4320 
PRINTERS 

PDPll PE~lPHERALS 
CPU, MEMORY 

PDP 8 CPU $1500 
$750 Minis 
TELETYPE 35 & 37 

DEC & HONEYWELL Modules 
617 /261-1100 

Send for Free Report " Maintenance 
of Computers" 

AMERICAN USED COMPUTER CORP. 
P.O. 801 68, Kenmore Sta . 

Boston, MA 02215 
.. Members Com ter Dea lers Association " 

CIRCLE NO. 242 

ENGINEERS 
Over 15 years of Engneering and Pro· 
fessonal placement coast to coast. 
Entry level to Management with open ­
ings cutting the spectrum of the engi ­
neering disciplines. All fees paid. 

E. 8. HENDRICK ASSOCIATES, INC. 
"The Village Mall", Vine Street 

Liverpool, NY 13088 
Phone: 315-451-0121 

Buy U.S. Savings Bonds 
Now E Bonds pay Sl.i3 interest when held 
to maturity of 5 years, 10 months «•CZ. the 

~~~e!:::~~~Wdhe:r~e:f~c~e~ !~~·.=oleo, 
cashed at your bank. Interest is not subject 
lo state or local income tu.es, and federal 
lax may be deferred until redemption. 

ELECTRONIC D ESIGN 9, April 26, 19\4 

Analog circuit design and instrument engi­
neers needed for the development and de­
sign of nuclear reactor instrumentation. The 
work will include a mixture of analog and 
digital approaches to the solutions of light 
water heavy water, and High Temperature 
Gas-cooled Reactor instrumentation prob­
l~ms. MSEE and 5 years experience in 
analoy circuit design required. 

To apply, please send resume in confi­
dence to Manager of Employment, Dept. 
583, General Atomic Company, P.O. Box 
81608, San Diego, CA 92138. 

GENERAL ATOMIC COMPANY 
An equal opportunity M/ F employer 
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(product index J 

Information Retrieval Service. New Products, Evaluation Samples (ES), Design Aids 
(DA), Application Notes (AN), and New Literature (NL) in this issue are listed 
here 'h'.ith 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 Category Page IRN 

Components switches 262 149 peripherals 214 259 
attenuators 242 118 switches 275 464 peripherals, data 214 261 
audible-signal source 262 350 switches, •custom 254 135 plotter, graphic 222 277 
bar graph display 258 342 switches key 262 •351 printer, electrostat 234 290 
capacitor 5 4 switches, rocker 215 95 printer mechanisms 84 41 
capacitors 10 8 switches, rotary 254 134 printer, page 261 146 
capacitors 219 96 switches, subminiature 273 168 printer, strip 214 260 
capacitors, ceramic 16 13 thermistors 270 1•64 processor, 16-bit 38 27 
capacitors, ceramic 134 61 thermistors, chip 260 348 reader, card 219 271 
capacitors, ceramic 149 68 timers 273 167 reader, card 232 289 
capacitors, film 49 36 tube drivers 190 84 reader, tape 218 269 
catalog (NL) 264 152 reader, tape 230 252 
clutch-brake 260 349 Data Processing recorder, cassette 116 54 
coils, rt 135 62 calculator 31 21 semi memory system 191 85 
components, resistive Ill 247 cassette drive 222 275 switches, lighted 272 276 
controls 271 165 cassette tape system 190 83 system, computer 232 287 
delay lines 290 483 compressor, video 189 82 systems, computer 218 268 
displays, liquid crystal 124 57 computer 105 50 TIL interface 234 109 
encoder, shaft 278 469 computer, OEM 11 9 TV cameras (NL) 288 421 
ferrites 243 119 computer system 99 49 tape reader 267 157 
gearmotors 275 463 computers 27 19 terminal, CRT 222 278 
keyboards 184 79 controller, display 225 280 terminal, CRT 235 292 
keyboards 207 91 controller, format 214 262 terminal, intelligent 218 267 
keyboards 231 106 converter, card/types 228 283 terminal, intelligent 229 285 
keyswitch arrays 262 352 cores, tape 26 18 
liquid-crystal displays data acquisition system 133 60 Discrete Semiconductors 

(NL) 289 433 data communications 287 414 arrays, transistor 266 364 
magnetic circuit data-link, optical 226 256 detector 282 472 

breakers (NL) 286 411 digital heads 226 100 diodes 272 166 
miniature reed relays digitizer, coordinate 225 281 diodes, laser 268 367 

(NL) 288 422 disc and drum memories 48 35 diodes, ultra low I 268 368 
motor 183 78 disc drive 218 266 diodes, vhf tuning 268 370 
motors 269 150 disc drives 72 40 displays 1 2 
motors, stepper 106 51 disc drives 191 85 FET kits replace tubes 267 364 
neon lamps 258 343 disc drives 270 ·162 LED products (NL) 289 427 
opener, door 259 345 display, graphics 225 254 LEDs 260 142 
photomultiplier tubes drive, floppy disc 222 274 LEDs, green 27.0 372 

(NL) 287 415 heads, recording 214 258 LEDs, infrared 266 363 
potentiometers 213 94 image processors 185 81 optoelectronics 7 6 
pressure transducer 263 354 interactive terminal 219 270 recHfier 98 48 
proximity switch 263 353 interactive terminal 221 272 rectifiers 267 366 
Radio Shack catalog interface, g-p 277 467 SCR, high power 270 371 

(NL) 287 417 interfaces 232 107 SCRs 250 250 
reading head, card 259 344 key entry system 234 291 SCRs (NL) 286 407 
readout 44 31 keyboard encoder 275 462 SCRs and triacs 230 105 
readout 36 25 mass memory 276 466 transistors 249 126 
readouts 45 32 memory, bipolar 221 273 transistors, stripline 268 369 
readouts 237 113 memory, core 218 265 zener and TC 
relays 2 3 memory, core 229 286 diodes (NL) 289 428 
relays 253 133 memory, semicon 218 264 
relays 263 151 memory system (NL) 288 425 Integrated Circuits 
relays 266 155 memory, tape 214 263 CMOS RAM 197 87 
resistor lletworks 23 16 minicomputer 157 70 COS/ MOS 87 44 
resistor networks 245 122 minicomputers 88 45 calculator chip set 255 333 
solenoids 235 111 modem, data 228 284 converters subsystem 33 22 
speakers 260 346 modem, data 228 282 counter, divide-by-N 255 334 
switch 173 75 modems 222 279 ICs 13 10 
switch 286 479 modules, memory 232 288 ICs 233 108 
switch, keyboard 223 98 monitor, data 235 293 ICs, linear IV 248 
switch, matrix 260 347 OEM rotating latch, 8-bit 256 339 
switches 117 55 memories (NL) 289 431 linear IC TV circuits 
switches 252 129 peripherals 115 53 (NL) 286 406 
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Category Page IRN Category Page IRN Category Page IRN 

MOS IC memories 239 115 Modules & Subassemblies power supplies 165 71 
MOS chip 254 329 amp, instrumentation 248 321 power supplies 184 80 
memories, serial analog 255 332 amplifier, power 266 154 power supplies 203 89 
memory, NMOS 22 15 amplifier, rt 252 326 power supplies 211 93 
monochip 273 168 controller, motor 250 323 power supplies 289 482 
NMOS RAM 273 170 converter, sine/ cos 248 309 power supplies 291 484 
PLL 256 338 converters 244 121 power supply 6 5 
processor, sos 167 73 filters , rfi / emi 274 461 power supply 255 136 
RAM , bipolar 256 336 filters, active 248 310 power supply 261 143 
RAM , McMOS static 256 335 filters, active notch 246 306 power supply 287 480 
RO Ms 257 341 filters , low-frequency 265 153 power supply, de 86 43 
ROMs, bipolar 257 340 generators, tone 252 328 power system 272 375 
receiver subsystem, monitor, data line 246 308 precision voltage 268 158 

linear 256 337 oscillator, clock 250 324 pulse magnetizing 
register file, multlport 254 331 oscillator, tunable 246 307 system (NL) 286 405 
semiconductors 36A 211 programmer, timing 248 320 supplies, dual-output 271 373 
watch set, digital 254 330 resolver, d I a 252 327 supplies, dual -output 27.4 378 

SCR power controllers 246 208 supplies, open frames 276 382 
Instrumentation s / d converters (NL) 288 420 supplies, switching 274 379 
analyzers 238 114 system, acquisition 244 317 supply, ac-to-dc card 272 376 
analyzers, wave 256 137 system, data acquis 250 322 supply, high voltage 274 381 
angle indicator 240 298 system, data acquis 252 325 supply, high voltage 277 384 
backplane tester 242 300 timer mechanical 246 305 supply, laboratory 277 385 
control meter 229 104 supply, laboratory 277 386 
counter, 5-digit 283 474 Packaging & Materials supply, single-output 274 380 
DPM 195 86 adhesive, glass-to-metal 282 393 
DPM , 3-1 / 2 digit 47 236 axial fans ~ 287 412 

data communication benches 266 156 
tester 238 295 bus 269 160 new literature decoder and receivers cable, ribbon 62 39 
(NL) 289 430 cables 253 130 ac voltage regulators 288 419 

digital logic recorder 257 138 clad metals 132 59 axial fans 287 412 
digital test equipment 258 139 connector, high volt . 282 394 catalog 264 152 
filter 238 294 connectors (NL) 288 423 connectors 288 423 
filters , analog 221 97 connectors, PC 52 38 data communications 287 414 
frequency counters 40 205 contact pin 258 140 decoder and receivers 289 430 
generator, function 282 471 contactor, T0-5 282 392 dielectric ceramics 286 408 
generator, pulse 140 63 dielectric ceramics (NL) 286 408 heat-transfer fluid 289 426 
generators , sweep 262 147 edgeboard II 246 instrumentation 286 410 
indicator, bite 253 131 enclosures 125 58 instrumentation 287 416 
instrumentation (NL) 286 410 enclosures, custom 141 64 LED products 289 427 
instrumentation (NL) 287 416 fan 234 110 laser trimmer 289 432 
instruments, panel 201 88 fans and blowers 227 101 linear IC TV circuits 286 406 
isolator, mobile process 182 77 heat sink, T0-5 283 395 liquid-crystal displays 289 433 
logic checker 262 148 heat-transfer fluid (NL) 289 426 magnetic circuit 
meter, modulation 284 476 heater 278 387 breakers 286 411 
multiprogrammer 172 74 jacks, pins 270 163 memory system 288 425 
multimeter, 5-1 / 2 digit 46 33 PC boards, flexible 283 396 miniature reed relays 288 422 
osci I loscope 228 102 PC breadboard (NL) 289 429 OEM rotating memories 289 431 
oscilloscope 242 303 PC card 37 26 PC breadboards 289 429 
oscilloscopes 34 23 PC card cages 283 473 PC connectors 288 424 
oscilloscopes, miniature 43 30 PC connectors 288 424 photomultiplier tubes 287 415 
printer, alphanumeric 278 468 panels 146 66 power converters 286 409 
printer, line 236 112 panels, back 15 12 pulse magnetizing 
probe, electronic 238 296 plastic fabrications 283 397 system 286 405 
probe, logic 261 144 pneumatic tool 35 24 Radio Shack catalog 287 417 
processor, industrial 279 470 protoboards 284 475 SC Rs 286 407 
recorder 240 299 rental equipment 14 11 s Id converters 288 420 
signal generator 228 103 ruler 279 391 TV cameras 288 421 
spectrum analyzer 236 250 sockets 205 90 vibratory feeders 289 413 
sweeper 224 99 stripper, wire 276 465 zener and TC diodes 289 428 
sweeper 240 297 tapes, Teflon 278 388 
synthesizer 242 302 temperature sensors 248 125 
test clip 154 69 terminal strip 279 390 

application notes test' intruments 247 124 tool , cable tie 107 52 
tester, converter 242 302 vibratory feeders 289 413 epoxy adhesives 285 403 tester, op amp 240 116 wire, cable & cord 9 234 FET basics · 285 402 
Microwaves & Lasers 

wiring kit 279 389 tangential sensitivity 285 404 
attenuators, coax 265 361 Power Sources 
bridge, SWR 264 358 ac source 272 377 
capacitors , chip 264 359 ac voltage design aids joint, rotary 265 362 regulators (NL) 288 .419 
laser t rimmer (NL) 289 432 de / de converter 271 374 Darlington transistors 284 399 
mixers, double-balanced 285 477 drives, CRT 21 14 photographic glass 
modulators, diode 264 355 educational equipment 276 383 plates 284 398 multiplexer, 5-channel 265 360 inverter, sine wave 291 145 silicon power 
oscillator, Gunn 264 357 power converters (NL) 286 409 transistors 284 400 oscillator, Ku-band 264 3·56 power supplies 123 56 switches 284 401 
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AOC 5 
DIA ' CONTROL 

6 

7 

8 

9 

52 .. 10 

50 .. 11 

And, aside from 
performance like 8 

its at 3,µ.seconds up 
to 12 bits at 10 or 20 

seconds, you get: 
0 lowest 
oise/repeatability 

error of any ADCs on 
he market 

0 Zeltex' unique 
thick film small size 
packaging 
D Fully monotonic 
over their full 
specified 
temperature range . 
0 All fully specified 
to± 1/:i LSB linearity 
0 Models pin 
'nterchangeable for 
upgrading specs. 

Plus they truly 
meet their 
pecifications so you 

are getting a lot of 
onverter for y~ur 

money. 
The new ZAD 1000 

Series is a result of 
eltex ' unique 

product design and 
manufacturing 
technologies wh_ich 
have produced a 
comprehensive line 
of DIA and AID 
onverter problem 

solvers. 
So phone (415) 

686-6660 to find out 
ow you can put 

Zeltex ' great Micro 
iants to work 

solving your systems 
esign problems. 

ZEL TEX, INC. 
40 Detroit, Concord 

California 94518 
415) 686-6660 

TWX 910-481-9477 

The Micro Giants. 
CIRCLE NUMBER 485 



There's more 
to resistors 

than 
resistance 

If you're really 
serious about cost, 

be serious about quality. 
If you think all resistive components 
are the same, listen to what these 
users have to say about Allen­
Bradley fixed composition resistors: 
Buyer-"A-B has shipped nearly four 
million parts without a single reject 
or problem. The quality is superb. 
I've spent 12 years in production 
control and purchasing. I've seen 
the amount of down-time , rework 
and field retrofit caused by others '.' 

President-"We have used many mil­
lions of Allen-Bradley hot-molded 
resistors. The uniformity of quality 
from one shipment to the next is 
truly outstanding '.' 
Engineer-"When we use A-B resist­
ors instead of some other make, it's 
one less component we have to 
worry about:' 
"We learned the hard way. The ·subtle 
things make the difference. They all 

INFORMATION RETRIEVAL NUMBER 247 

add up to the top quality we want in 
our products'.' 
Purchasing Agent-"We wish we had 
more Allen-Bradleys'.' 
Write for Publication RD . Allen­
Bo=1.dley Electronics Division , 1201 
South Second Street, Milwaukee, WI 
53204. Export: Bloomfield, NJ 07003. 
Canada: Allen-Bradley Canada Limit­
ed, Cambridge, Ontario. United King~ 
dom:Jarrow,Co. Durham NE32 3EN. 

Allen-Bradley 
Milwaukee, Wisconsin 53204 
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The flat-as-a-pancake TV. If you want to 
design one tomorro~ we're ready with 

your linear IC~ today. 
Whatever the idea you put on 

paper, we can probably help bring 
it to life. 

Whether you want to design 
the world's flattest TV or the world 's 
most advanced oscilloscope, 
chances are we've got the devices 
for the circuit functions you need to 
achieve your goals. Ready now to 
help your product perform the way 
you design it. And supply your 
needs in numbers from one to one 
million and beyond. 

We're a full house in linear 
IC's offering standard as well as 
custom and proprietary types; a 
commodity supplier of power 
transistors; a recognized leader in 
CMOS building blocks; developers 
of liquid crystal displays; technology 
innovators of RF power components; 
and a major supplier of thyristors. 

In addition to comprehensive 
technical product data, RCA gives 
you professional and experienced 
field engineering and applications 

support. As well as a commitment 
to excellence in everything from 
research to manufacturing. 

So whatever you're into, and 
whatever you need, we're here 
when you need us. With products 
that can anticipate your needs. 
And service that can meet your 
demands. A good place to start is 
to check our handy product line 
guide. Write RCA Solid State, 
Section 57026, Box 3200, 
Somerville, N. J. 08876. 

Rell Solid 
State 

lnternotionol: RCA, Sunbury-on-Thomes, U.K., or Fuji Building, 7-4 Kosumigoseki, 3-Chome, Chiyodo-Ku, Tokyo, Jopon. In Conodo: RCA limited, Ste. Anne de Bellevue 810, Conodo. 
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