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FULLY CALIBRATED 
Span Change AND Zero Shift 

Digital Selection of 450 Fully 
Calibrated Spans from 1 
Millivolt to 99.9 Volts. 

Digital Selection of Up To 
1000% Fully Calibrated Zero 
Elevation or Suppression. 

4101- 000 

Chessell Dial-A-Span measurement and recording systems 
offer extraordinary flexibility and resolution that exceed any 
previously available in precision laboratory systems. The 
Dial-A-Span modules permit instant and independent digital 
ranging and datum shift for each channel. Five ranges and 
90 spans per range may be selected for 450 different pre-
calibrated full scale sensitivities. Up to 1000% digitally 
selected pre-calibrated datum shift electronically expands 
the chart width by a factor of 10. 

Model 3003—Three Dial-A-Span modules mated with a 3-
channel fully overlapping 4-inch ( 100 mm) chart recorder. Ef-
fective resolution is 40 inches. 

Model 3026— Six Dial-A-Span modules mated with a 6-
channel fully overlapping 10- inch (250 mm) chart recorder. 
Effective resolution is 100 inches. 

CHESSELL 
CCIRPORATION 

Penns Trail • Newtown Industrial Commons • Newtown, PA 18940 

Telephone: 215-968-0660 
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SCIENCEOSCOPE 

The Pioneer Venus mission consists of two spacecraft built by Hughes for NASA's 
Ames Research Center. Orbiter will circle Venus for at least one Venusian year 
(225 earth days), studying the atmosphere, winds, magnetic and gravitational 
fields. Multiprobe will send four probes toward the surface to measure clouds, 

energy and wind. Altogether, 30 instruments will be flown and supported by 115 
scientific investigators, co- investigators and team members. Since Venus' major 
weather patterns are global in nature, the data obtained should help scientists 
learn more about the forces that drive the weather on earth. 

In its first flight test, a GBU-15 Planar Wing Weapon scored a "Lethal" hit on a 
simulated power plant target at White Sands Missile Range, N.M. after launch from 
an Air Force B-52. A major member of the AF's modular GBU-15 air- to- surface glide 

bomb family, the 12- foot- long weapon features an 11- foot-wide planar wing, akin to 
a small glider. The wing is extended after launch, increasing the glide weapon's 
range and enabling the launching aircraft to "stand-off" at safe distance while 
accurately guiding it to target. System integration for the Planar Wing Weapon 
is being conducted by Hughes under contract to the Air Force Armament Development 
and Test Center, as well as development of the digital autopilot, planar wing 
moduie and weapon data link. 

A new kind of instrument will help meteorologists gauge more accurately the direc-
tion and speed of winds at all altitudes when the first of three Hughes-built 

weather satellites is launched from the Space Shuttle in the early 1980s. The 
Visible Infrared Spin-Scan Radiometer Atmospheric Sounder (VAS), built by Hughes, 

will produce day and night pictures of the Earth's cloud cover, and determine the 
three-dimensional structure of atmospheric temperature and humidity. The Geo-
stationary Operational Environmental Satellites ( GOES-D, E and F) are U.S. entries 

in an international weather-watch program that Includes Europe, Japan and the 
Soviet Union. NASA manages construction and launch of GOES for the National 
Oceanic and Atmospheric Administration, which operates the satellite system. 

Hughes Industrial Products Division, located near San Diego, California, is seek-
ing Electronics Engineers/Technicians and Physicists to work on: Ultrasonic Scan 
Converters (Medical Applications); Infrared Detectors ( Police and Firemen); Micro-

electronic Welders ( Industry); Flexible Automatic Circuit Testers (Airlines, Phone 
Companies); Cathode Ray Tubes ( Airlines); Laser Cutters ( Apparel Industry). For 
immediate consideration, please send your resume to: Jim Burley, Hughes Aircraft 

Company, Industrial Products Div., 6155 El Camino Real, Carlsbad, CA 92008. 

XM-1 tank and Fighting Vehicle System (FVS) slated for advanced Thermal Imaging 

System ( TIS). The system for the XM-1 features electronic multiplexing ( EMUS) 
which gives the advantage of providing a CRT display of the target image that 
includes retical patterns, boresight adjustment, symbology and built-in test 
information. The EMUS approach is used to process the output of the Common 
Module integrated microcircuits in the imaging system. Deliveries of the first 
16 XM-1 thermal imaging systems to Chrysler began last summer, with a total 
production of approximately 7000 units anticipated. 

An advanced FVS gunner's periscope, containing a daylight viewing channel, 
TOW missile tracker and thermal imaging channel is under development by Hughes. 
In this system, the visual display is formed by the LED array module. 

Creating a new world with electronics 

HUGHES 
HUGHES AIRCRAFT COMPANY 
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IMAGE AND DISPLAY PRODUCTS 
Direct view storage tubes, cathode ray 
tubes, scan converter tubes, analog and 
digital image memories. ProbeyeR 
infrared viewers, liquid crystal displays, 
silicon materials and devices, custom 
components. 

1 

PRODUCTION EQUIPMENT 
Microcircuit welders, bonders, and solder' 
ing systems: computer controlled wire 
and die bonders; custom assembly 
equipment. 

FACT SYSTEMS 
FACCPC, Flexible Automatic Circuit 
Tester- Processor Controlled, for high 
speed continuity and leakage testing 
of complex wire assemblies and bore 
multilayer printed circuit boards. 

INDUSTRIAL AUTOMATION 
Computerized pattern graphic systems 
for automated grading and placing of 
pattern parts. Lasercutting systems for 
automated cutting of fabric, paper, 
leather, metal, and various composites. 

LASER PRODUCTS 
Helium-neon laser plasma tubes, power 
supplies, optics and subsystems for 
industrial, OEM, and laboratory applica-
tions. Also CO2 and custom gas lasers. 

For information, write Hughes Industrial 
Products Division, 6155 El Camino Real, 
Carlsbad, CA 92008 (714) 438-9191 

HUGHES 
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There's a whole new 
approach to final test of 

digital products. 
Admi 

Biomation's new DTO-1. 
Just look at DT0-1's 
capabilities. It records 
and stores your test 
sequence on tape. Then 
plays it back to guide 
technicians. DTO-1 
handles digital circuitry 
like a logic analyzer, 
troubleshoots analog 
circuitry like an 
oscilloscope and 
automates go/no-go 
testing. There's no better 
way to cut test costs. 
DT0-1 is the fast, easy way to develop 
thorough test procedures for new digital 
products Just step through your test 
sequence once and DT0-1 records ref-
erence logic traces for the entire program 

It's easy to provide manufacturing 
with a test routine — just record it on 
tape with DT0-1 

Then technicians simply follow the 
established test sequence during product 
checkout DT0-1's powerful micro-
processor compares logic traces with 
recorded reference traces and activates 
a "pass" or " fail- light on the probe 
When a fault is detected, a built-in scope 

helps determine if the problem is 

analog or digital It displays time domain 
logic traces and highlights points 
of non-conformance And it can simul-
taneously display analog data on the 
same time base 
Your technicians will love DTO-1 It 

.001 

>00. 

• . 97923 :it!, S7t 9.6 . 1.• 

DT0-1 
analog faults It displays and 
compares logic traces And can 
display waveforms, too 

frees them from the monotony of the test 
routine and lets them concentrate on 
finding and fixing malfunctions. 

Best of all, at $8950,* DT0-1 is a cost-
effective solution Give us a call at (408) 
988-6800 to arrange a demonstration. Or 

Microprocessor-controlled "pass" 
and "fail" lights on DT0-1's 
probe guide technicians through 
your test sequence 

write for product data and a reprint of 
an eight-page article reprint about DT0-1 
Gould Inc, aomation Division 
4600 Old Ironsides Dr, Santa Clara, CA 95050 

OCZ1.6800 
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WIRE CUTTING AND 
STRIPPING DISPENSER 
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»in 11 

Model No. WD- 30-TRI 
Patent Pending 

'atb.Se P  f 

• 

• 3 Rolls of wire in one convenient dispenser 
• 3 Colors, Blue/White/Red, 50 ft. ( 15m) of each color 

• AWG 30 (0,25mm) KYNAR® insulated wire 

• Built-in cutting plunger cuts wire to desired length 

• Built-in stripper strips 1" of insulation 

• Easily refillable 
• For wire-wrapping and other applications. 

WD-30-TRI DISPENSER WITH WIRE 

R-30-TRI TRI-COLOR REPLACEMENT SPOOLS 

Kynar ° Pennwalt 

MACHINE & TOOL CORPORATION 3455 CONNER ST. BRONX, N.Y. 10475 (212) 994-6600rTelex 125091 
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Think about expanding 
your pulse generation capabilities... 

think about TM 500. 



More waveforms for more applications. 
When you're working with today's 
logic systems, involving a variety of 
implementations, you need instru-
mentation built to perform complex 
functions. This TM 500 pulse genera-
tor is such an instrument. 

Advanced stimulus functions such as 
overlapping and non-overlapping bi-
phase clocks help solve race prob-
lems and determine critical timing. 

Biphase Clocks 

When working with mixed logic sys-
tems, two-frequency synchronous 
clocks operating at different fre-
quencies and different logic levels 
can be configured. 

Two Frequency Synchronous Clocks 

Also, this instrumentation provides 
translation capability between com-
mon logic families; CMOS to ECL or 
TTL to CMOS, for example. A unique 
pulse restoration or superbuffer ca-
pability, with high or low input im-
pedance and 502 output impedance, 
helps you produce low aberration 
signals in unterminated lines. 

Pulse Restoration 

Dual pulse generation within one unit 
provides self contained burst gener-
ation. In this mode, burst rate and 
width, and pulse rate and width with-
in each burst can be individually 
controlled. 

Self Contained Burst 

A counted burst feature, with thumb-
wheel switches, gives exact control 
when selecting pulses for use with 
shift registers, CCD delay lines and 
data transmission. With this instru-
mentation it is not necessary to reset 
burst control if width and duration is 
changed within the burst. When 
working with a large number of 
pulses, more stability and ease of 
resolution is assured. 

Counted Burst 

When desired, two pulse generators 
are operable as independent instru-
ments. Both outputs provide true and 
complement pulses, and other types 
of mixed pulses. Both outputs are 
controlled by independent high and 
low dials. 

Independent Pulse Generation 

TM 500...designed for configurability. 

Frequency capabilities are 50 MHz at 
20V for MOS and CMOS logic and 
250 MHz at 5V for ECL and Schottky 
TTL. Square wave trigger outputs 
can be viewed when narrow pulses 
decrease scope visibility, and sim-
plify counter triggering. 

Tektronix has designed a TM 500 
pulse generator system capable of 
these functions and more. Two pulse 
generators (PG 508 and PG 502) and 
an independent digital delay (DD 
501), packaged together in a versa-
tile mainframe, meet a wider range 
of applications. 

As a single package it's compact, 
portable and easily adapted to the 
lab or field. As part of the highly con-
figurable TM 500 line its mechanical 
and electronic performance can be 
adapted to suit your specific needs. 

If you prefer a bench set-up the three 
plug- ins (PG 502-PG 508-DD 501) can 
be installed in a TM 500 mainframe 
to sit conveniently and neatly on a 
bench top. When your needs demand 
a portable test unit, the three plug-in 
modules can be packed in the small-
as-a-suitcase TM 515 Traveler Main-
frame. 

In addition to this mechanical con-
figurability, your pulse generator unit 
can be combined with other TM 500 
modules to expand your present test 
and measurement library. 

A powerful combination of TM 500 
modules—PG 502, PG 508, DD 501 
and a mainframe—work for you in 
two ways: together to surpass their 
own individual limits, independently 
to continue meeting your instru-
mentation needs. 

For further information or a demon-
stration of the TM 500 family of in-
struments, write or phone: Tektronix, 
Inc., P.O. Box 500, Beaverton, Ore-
gon 97077, (503) 644-0161 Ext. 5283. 
In Europe: Tektronix Limited, P.O. 
Box 36, St. Peter Port, Guernsey, 
Channel Islands. 

Te_Ictronbc 
COMMITTED TO EXCELLENCE 

For Technical Data, Circle No. 25 
For Demonstration, Circle No. 26 



Calendar 
For additional information, write or call the listed contact; or IEEE Conference 

Coordination, 345 East 47 St., New York, N.Y. 10017; (212) 644-7895. 

IEEE-sponsored meetings 

Power Engineering Society Summer Meeting 
(S- PE) July 16-21, 1978. Hilton Hotel, Los 
Angeles, Calif. Contact: G. A. Davis, Southern 
Calif. Edison Co., P.O. Box 800, Rosemead, 
Calif. 91770 

Nuclear and Space Radiation Effects (S-NPS) 
July 18-21, 1978. University of New Mexico, 
Albuquerque. Contact: B. L. Gregory, Sandia 
Labs., Dept. 2140, Albuquerque, N.Mex. 
87115 (505) 264-1912 

4th WVU Conference on Coal Mine Electro. 
technology (S- IA) Aug. 2-4, 1978. Lakeview Inn 

Country Club, Morgantown, W.Va. Contact: Dr. 
M. D. Aldridge, W.Va. University, Morgantown, 
W.Va. 26506 (304) 293-6371 

Intersociety Energy Conversion Engineering 
Conference (S- ED, S-AES) Aug. 20-25, 1978. 
Town & Country Hotel, San Diego, Calif. Con-
tact: G. P. Townsend, Hamilton Standard Div., 
United Technologies Corp., Windsor Locks, 
Conn. 06096 (203) 623-8723 

International Conference on Parallel Proces-
sing (CompSoc) Aug. 22-25, 1978. Shanty 
Creek Lodge, Bellaire, Mich. Contact: Prof. T. 
Y. Feng, Dept. of Elect. Comp. Eng., Wayne 
State University, Detroit, Mich. 48202 

COMPCON Fall (CompSoc) Sept. 5-8, 1978. 
Washington, D.C. Contact: COMPCON Fall, 
P.O. Box 639, Silver Spring, Md. 20902 (301) 
439-7007 

• international Optical Computing Conference 
(CompSoc) Sept. 6-8, 1978. Imperial College, 
London, England. Contact: S. Horvitz, Box 274. 
Waterford, Conn. 20901 (301) 439-7007 

OCEANS '78 (OEC, MIS) Sept. 6-8, 1978. 
Sheraton Park, Washington, D.C. Contact: 
Myra Binns, Marine Tech. Soc., 1730 M St., 
NW., Washington, D.C. 20036 (202) 
659-3251 

Joint Power Generation Technology Con-
ference (S- PE; ASME, ASCE) Sept. 10-13, 1978. 
Contact: C. J. Wylie. Duke Power Co., P.O. Box 
2178, Charlotte, N.C. 28242 (704) 373-4438 

Petroleum and Chemical Industry Technical 
Conference (S- IA) Sept. 11-13, 1978. Camelot 
Inn, Tulsa, Okla. Contact: T. Shaw, Phillips 
Petroleum Co., 6 Al Phillips Bldg., Bartlesville, 
Okla. 74004 (918) 661-4516 

Western Electronic Show and Conven-
tion—WESCON (Los Angeles & San Francisco 
Councils; ERA) Sept. 12-14, 1978. Los Angeles 
Convention Center, Los Angeles, Calif. Con-
tact: W. C. Weber, Jr., 999 N. Sepulveda Blvd., 
El Segundo. Calif. 90245 (213) 772-2965 

• Automatic Support Systems for Advanced 
Maintainability — Autotestcon (S-AES, San 
Diego Sect.) Sept. 12-14, 1978. Contact: Robert 
Aguais. General Dynamics Elect. Div., Mail 
Stop 7-98, P.O. Box 81127, San Diego, Calif. 
92138 (714) 279-7301, ext. 3975 

•Asterisk denotes new listing 

• International Conference on Very Large Data 
Bases (CompSoc) Sept. 13-15, 1978. Berlin, 
F.R. Germany. Contact: Anthony Wasserman, 
Medical Information Science, Rm. A-16, Univer-
sity of California, San Francisco, Calif. 
94145 (415) 666-2951 

• Cyclotron Conference (S-NPS) Sept. 18-21, 
1978. Bloomington, Ind. Contact: R. F. Pollock, 
Cyclotron Facility, Indiana University, Bloom-
ington, Ind. 47401 

Interactive Techniques in Computer-Aided 
Design (CompSoc; ACM) Sept. 21-23, 1978. 
Palazzo dei Congressi, Fiera di Bologna, Italy. 
Contact: Dr. B. Herzog, Computer Center, Univ. 
of Colorado, Boulder, Colo. 80303 (303) 
492-6501 

Convergence '78 (IEEE; SAE) Sept. 25-27, 1978. 
Hyatt Regency Hotel, Dearborn, Mich. 

Ultrasonics Symposium (G-SU) Sept. 25-27, 
1978. Philadelphia, Pa. Contact: F. S. Welsh, 
Bell Telephone Labs, Allentown, Pa. 18101 

Electronics and Aerospace Systems — 
EASCON (S-AES) Sept. 25-27, 1978. Sheraton 
National Hotel, Arlington, Va. Contact: Bette 
English, At-Your-Service, Inc., 821 15th St.. 
NW., Suite 636, Washington, D.C. 20005 

Industry Applications Society Annual 
Meeting (S- IA, Toronto Sect.) Oct. 1-5, 1978. 
Royal York Hotel, Toronto, Ont., Canada. Con-
tact: W. Harry Prevey, 4141 Yonge St., 
Willowdale, Ont. M2P 1N6, Canada (416) 
222-3067 

• Joint Engineering Management Conference 
(S- EM) Oct. 16-17, 1978. Regency Hotel, 
Denver, Colo. Contact: Henry Bachman, 
Hazeltine Corp., Greenlawn, N.Y. 11740 
(516) 261-7000 

• Conference on Canadian Communications 
Power (Reg. 7. Montreal Sect.) Oct. 18-20, 
1978. Queen Elizabeth Hotel, Montreal, Que., 
Canada. Contact: Jean Jacques Archambault, 
CP/PO 757 Succ. "C," Montreal, Que. H2L 4L6, 
Canada 

Digital Satellite Communications (Reg. 7) Oct. 
23-25. 1978. Montreal, Que., Canada. Contact: 
Marcel Perras, Teleglobe Canada, 680 Sher-
brooke St. W., Montreal, Que. H3A 2S4. 
Canada (514) 281-7976 

• Frontiers in Education (G-Ed; ASEE) Oct. 
23-25, 1978. Dutch Inn, Lake Buena Vista. Fla. 
Contact: E. R. Chenette, Dept. of EE, University 
of Florida, Gainesville, Fla. 32611 (202) 
632-5881 

* Biennial Display Research Conference 
(S- ED; Society for Information Display) Oct. 
24-26. 1978. Cherry Hill Inn, Cherry Hill, N.J. 
Contact: Thomas Henion, Palisades Inst., 9th 
Fir., 201 Varick St., New York, N.Y. 10014 

* Computer Arithmetic (CompSoc) Oct. 25-27, 
1978. Miramar Hotel, Santa Monica, Calif. Con-
tact: Prof. M. D. Ercegovac. 3732 BH, Computer 
Science Dept., University of California, Los 
Angeles, Calif. 90024 (213) 825-2660 

*International Conference on Telephone 
Energy — INTELEC (ComSoc) Oct. 25-27. 1978 

Sheraton Park, Washington, D.C. Contact: J. J. 
Suozzi, Bell Labs, Rm. 5D-178, Whippany, N.J. 
07981 (201) 386-2381 

• Semiconductor Laser Conference (OEC) Oct. 
30- Nov. 1, 1978. Sheraton- Fisherman's Warf, 
San Francisco, Calif. Contact: T. L. Paoli, Bell 
Labs, 600 Mountain Ave., Murray Hill, N.J. 
07974 (201) 582-2903 

Other meetings of interest 

Symposium on the Transfer and Utilization of 
Particular Control Technology (U.S. Environ-
ment Protection Agency) July 24-28, 1978. 
Stouffer's Denver Inn, Denver, Colo. Contact: 
F. P. Venditti, Denver Research Institute, 
University of Denver, P.O. Box 10127, Denver, 
Colo. 80208 (303) 753-2241 

• Radiation Safety in NDT (ASNT, BAH) Aug. 1-3, 
1978. Fairmont Hotel, San Francisco, Calif. 
Contact: D. J. Walter, The American Society 
for Nondestructive Testing, Inc., 3200 River-
side Dr., Columbus, Ohio 43221 (614) 
488-7921 

Symposium on Time and Frequency (URSI) 
Aug. 1-4, 1978. Helsinki, Finland. Contact: Dr. 
H. Hellwig, Tire and Frequency Div., National 
Bureau of Standards, Boulder, Colo. 
80302 (303) 499-1000, ext. 3277 

2nd World Hydrogen Energy Conference (Inter-
national Assoc. for Hydrogen Energy) Aug. 
21-24, 1978. Zurich, Switzerland. 

• 10th Conference on Solid-State Devices (Japan 
Society of Applied Physics) Aug. 29-30, 1978. 
Tokyo, Japan. Contact: T. Sugano, EE Dept., 
University of Tokyo 7-3-1, Homgo, Bunkyo, 
Tokyo, 112 Japan 

*International Conference on Large High-
Voltage Electric Systems (CIGRE) Aug. 
30- Sept. 7, 1978. UNESCO Conference 
Building, Paris, France. Contact: L. J. 
Mulligan, U.S. National Committee—CIGRE, 
c/o EBASCO Services, Inc., 125 Jericho Turn-
pike, Jericho, N.Y. 11753 

• international Conference on Information 
Theory and System Theory in Digital Com-
munications (IEEE German Sect.) Sept. 18-20, 
1978. Berlin, Germany. Contact: Dr. lng. F. 
Coers, Stresemannallee 21, VDE-Haus, D-6000 
Frankfurt/Main 70, F.R. Germany 

• Microprocessors in Automation and Com-
munication (U.K. & Rep. of Ireland Sect.; IERI, 
IEE) Sept. 19-22, 1978. University of Kent, 
Canterbury, England. Contact: M. S. Birkin, 
British Railways Tech. Centre, Derby, England 

• Automatic Test Equipment Conference and Ex-
hibition—ATEX (Automatic Test Equipment 
Assoc.) Sept. 26-28, 1978. Hynes Auditorium, 
Boston, Mass. Contact: William Hickey, 
Golden Gate Enterprises, 1307 South Mary 
Ave., Suite 210, Sunnyvale, Calif. 94086 

• Fifth International Electric Vehicle Sym-
posium (EVC. UNIPEDE) Oct. 2-5, 1978. 
Sheraton Hotel, Philadelphia, Pa. Contact: E. 
A. Campbell, Electric Vehicle Council, 90 Park 
Ave., New York, N.Y. 10016 

• 16th Annual Allerton Conference on Com-
munication, Control, and Computing. Oct. 4-6, 
1978. Allerton House, University of Illinois. 
Contact: Allerton Conference, c/o Prof. M. B. 
Pursley, Coordinated Science Lab., University 
of Illinois, Urbana, III. 61801. 

National Electronics Conference and National 
Communications Forum (NEC) Oct. 16-18, 
1978. Hyatt Regency O'Hare, *Chicago, ill 
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Every year, U.S. motorists wear off nearly a 
billion kilograms of tire tread. Where does it all 
go? Do the emissions contribute to air pollution? 

Scientists here at the General Motors 
Research Laboratories were more than just curi-
ous. So, in 1972, 
they started a pro-
gram to determine: 
The amount of tread 
that comes off as 
gas and as solid 
matter. What gases 
are involved. And 
what happens to the solids. 

For this research, they had to design and 
build a special facility with an air-tight chamber. 
The facility allowed them to duplicate both front 
and rear tire wear under a wide range of driving 
conditions, and to collect all the wear products 
for analysis. 

COLLECTOR 
SYSTEM 

LABORATORY MEASUREMENTS 

• GASES II AIRBOR,, , ARGE vAirriCLES 

Low Wear 
Coo, oos 

Aver age-Weror 

Cooddoons 
,fign•Wea , 

Cond.o, 

ROADS TIRE 

DRIVE MOTORS 

ANALYZERS 

What did the 
study reveal? On 
the average, large 
(nonairborne) par-
ticles accounted 
for about 94% of 
total tread wear. 
Airborne particles, 

less than 5%. And gases, mostly hydrocarbon, a 
negligible 1%. 

The particle results correlated with mea-
surements of soil and air samplings taken along 
the San Gabriel River Freeway in Norwalk, 
California. (It was not feasible to measure gas-
eous hydrocarbons from tires at the road site.) 

As for the disappearing act, outdoor mea-
surements shed light on that too. The California 
study showed that the bulk of the tire 
debris lies within a five-meter strip next to the 
pavement edge. 

All of which thus far suggests that tires play 
only a minor role in the air pollution picture. 

Automotive emissions research . . . from 
tailpipes to tires . . . the continuing quest for 
better ways to understand and control the factors 
affecting our environment. 

If you have a Ph.D. in engineering, physical, 
mathematical or biomedical sciences, perhaps you 
can make important contributions at General 
Motors Research Laboratories. We invite you to 
check a number of current openings on our re-
search staff by writing GMR Personnel, Dept. 112. 
An Equal Opportunity Employer. 

Tires: 
the great 
American 
disappearing act_ 

General Motors 
Research Laboratories GM 

—.,,,..s....fsass,,BRENWEBRIES41.1600.010 

Warren, Michigan 48090 
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VVhen you hop a o 
plane to troubleshoot 
8080. 6800, 6502 or 
Z-80 software, grab 
our new 

. . because all 
i/P-based systems 
need help. 
E-H s new MBA-1, designed for field 
service software debug, has a giant 
memory that can trap 128 32-bit words at 
clock rates to 5MHz. 

But your field service guys had better hide 
it from your engineering and QC people, 
because the MBA-1 is flexible and 
versatile enough for their purposes, too. 

Its a simple diagnostic tool. Takes an 
accurate snapshot of critical system 
software information while the micro-
processor is running in its regular socket. 
You can step ahead 96 words or back up 
32 from your trap condition. In RUN 
mode, it will generate a scope trigger 
every time it passes the trap condition 
to let you study it more thoroughly. 

icro 

Unless people stop making program-
ming mistakes, software will always 
need fixing. Our MBA-1 is a 12-lb under-
your-seat solution to finding what needs 
fixing. Probes are available for 
8080, 6800, 6502 and Z-80 systems. 
Ask us about the probe you need. 
We're working on a bunch more. 
Write or call, or use the reader service 
number for the data sheet. If you want 
to order one, hell, call us collect. 
E-H International, Inc., 515 Eleventh 
Street, Oakland, CA 94607. 
Phone: (415) 834-3030 
TWX: (910) 366-7258 
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ANOTHER VINTAGE YEAR 
FOR CHERRYS 

We planted the seeds for these Cherrys 25 years ago. 
Today they're the pick of the switching crop. Good, sturdy, 
hardworking switches with years of know-how, experience 
and refinement behind them ... and a bright future ahead. 
What kinds of switches? You name it, Cherry's got it. 

Snap-action switches with unique Cherry coil spring mech-
anism for long mechanical life. Gold crosspoint contact 
switches for low energy solid state circuits. Thumbwheel 
switches in a full range of alphanumeric readouts and 
output codes. Individual keyboard switches and complete 
keyboard assemblies with electronics. Rotocodel> switches 
. . . a new rotary switch with coded electrical output. 

e red à y 

8 2 0 9 
7 

• 

Sty, 

If your your products are made or sold overseas you'll be glad 
to know that Cherry's switches are available worldwide 
from our modern manufacturing plants in the USA, England, 
Germany and Japan and a licensee in Australia. All our 
switches have passed rigid performance requirements of 
independent testing laboratories. Many of our switches 
have been listed, certified or approved by various inter-
national testing and approval agencies. 

Check the complete crop of Cherry switches. Ask for our 
latest 84 page catalog. For immediate action just phone 

(312) 689-7700. 

CHERRY ELECTRICAL PRODUCTS CORP. 
3615 Sunset Avenue, Waukegan, Illinois 60085 

SWITCHES and KEYBOARDS — Available locally from authorized distributors. 
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TEKTRONIX 
Portable Oscilloscopes 

22 high-performance models 
that go where you go. 

Here's how to choose the TEKTRONIX 
Portable that's right for your application. 

Tektronix offers an unmatched selection 
of 22 portable oscilloscopes, including 
six storage models. designed to meet 
the testing requirements of the elec-
tronics industry. These high-quality 
scopes are used for computer servic-
ing, communication system mainte-
nance, research, education, and pro-
duction testing. • 

Your specific measurement needs . 
should guide you in selecting the 
TEKTRONIX Portable that's best for you. 
First consider your performance. price 
and weight requirements. Then choose 
a model from one of our four oscillo-
scope lines. Each combines portability, 
reliability and ruggedness with unique 
features and capabilities. 

400-Series Performance Leaders 

Take lab quality into the field with 
TEKTRONIX 400-Series Portable Oscil-
loscopes. Choose from nine models, in-
cluding the 350-MHz 485. the widest 
bandwidth portable available today. 

If you need to capture fast, non-
repetitive events, the TEKTRONIX 466 is 
the only portable that can store a 
single-shot waveform at its full 100-MHz 
bandwidth. For military applications, 
consider the 465M, the new commercial 
equivalent of the AN USM 425 triservice 
standard 100-MHz Oscilloscope. 

The factory- installed DM44 Delta 
Delayed-Sweep Option adds a direct 
numerical readout to five TEKTRONIX 
400-Series Scopes. At $445,* it's the 
least expensive, most accurate way to 
make digital-voltage, current, tempera-
ture and differential-time measure-
ments. In the photograph. the DM44 is 
shown with the high-performance 475A, 
our new, moderately priced 250-MHz 
oscilloscope. 

Each TEKTRONIX 400-Series Portable 
weighs less than 26 pounds. 

200-Series Miniscopes 

These go-anywhere miniscopes are the 
perfect traveling companions. Powered 
by internal batteries or external ac, and 
weighing less than 3.7 pounds. 200-
Series Portables fit easily into your 
briefcase or toolbox. Four models, with 
bandwidths to 5 MHz. are available. If 
you need to make numerical-voltage 
and current measurements, select the 
unique 1-MHz 213 DMM/ Oscilloscope. 

All 200-Series Miniscopes are 
ruggedized to withstand the high-shock 
conditions and extreme temperatures of 
remote locations. 

300-Series Portables — Excellent Size/ 
Weight! Performance Combinations 

Four models from SONY TEKTRONIX 
make up the 300-Series Family. All 
weigh less than 11 pounds. yet offer 
bandwidths to 35 MHz (the 
SONY , TEKTRONIX 335). Various oscil-
loscopes feature dual trace, delayed 
sweep. battery operation, and long-
term storage. 

Take SONY/TEKTRONIX 300-Series 
Portables with you for servicing indus-
trial control systems. on-board ship 
equipment and remote computer 
terminals-wherever light-weight, 
medium-bandwidth scopes are 
required. 

T900-Series Low-Cost Oscilloscopes 

Priced from $695.* T900 Scopes are 
ideal for cost-sensitive education, ser-

vicing, and manufacturing applications. 
Choose from five bench-top models in-
cluding four dual-trace and one 
delayed-sweep oscilloscope. 

If your requirements call for a versatile, 
low-cost, 35-MHz scope, examine the 
two newest members of our 1900 family 
-the T932A and the 7935A. Both feature 
composite triggering and differential 
while retaining all the popular features 
of their predecessors (the T932 with 
variable trigger- holdoff and the T935 
with delayed sweep). We've even kept 
the prices the same. 

All T900-Series Oscilloscopes are de-
signed for ease-of-operation, simple 
maintenance, reliability and long life. 
They're the quality, low-cost scopes 
from Tektronix. 

Service and Support Programs 

Purchasing a TEKTRONIX Oscilloscope 
means more than buying an instrument 
from the industry leader. Applications 
assistance, training programs. world-
wide service, and a large family of 
probes and accessories are available to 
help you get the most out of your 
TEKTRONIX Instrument. Classes in 
product theory and maintenance are 
also offered. The Long-Term Support 
Program insures continued parts avail-
ability. And your Tektronix Field En-
gineer will work with you to solve even 
the toughest servicing problems. 

Here's How To Purchase a 
TEKTRONIX Portable. 

To order a TEKTRONIX Portable Oscil-
loscope, contact your Tektronix Field 
Engineer. He can also arrange for a 
demonstration and provide complete 
specifications. Or for our latest Portable 
Oscilloscope Brochure. write: Tektronix. 
Inc.. PO. Box 500, Beaverton, OR 
97077. In Europe: Tektronix Limited. 
PO. Box 36. St. Peter Port. Guernsey. 
Channel Islands. 

For accurate, reliable service 
instruments, you can depend on us. 

lèlctronix-
1MMIT TED TO EXCELLENCE 

For Technical Data. Circle No. 204 
For Demonstration, Circle No. 205 



Product Bw Dual Trace 

Storage Models 466 100 MHz .0 5 mV div ye, 

464 100 MHz 5 mV div yes 

434 25 MHz v 10 mV div yes 

314 10 MHz .1 1 r701 dis yes 

214 500 kHz 10mV (16 ves 

T912 10 MHz r 2 mV div yes 

Nonstorage Models 485 350 MHz 5 mV div yes 

175A 250MHz r 5 mV div yes 

475 200 MHz v. 2 mV div yes 

465 100 MHz , 5 mV div yes 

465M 100 MHz 5 mV div yes 

455 50 MHz 5 mV div yes 

335 35 MHz 10 mV div yes 

326 10 MHz 10 mV div yes 

323 4 MHz , 10 mV div 

221 5 MHz v 5 mV div 

21) 1 MHz ,, 20 mV div 

21? 500 kHz , 10 mV div yes 

7435A (New) 35 MHz ,1 2 mV div yes 

T932A (New) 35 MHz , 2 mV div yes 

yes 

yes 

1922 15 MHz r 2 mV div 

1922R 15 MHz 2 mV div 

T921 15 MHz 2mVrlry 

DM44 Optional, factory- installed direct numerical readot4 Irni, • Time Interval Readout 

Delayed Sweep Fastest Sweep Rate 

yes 5 ns div 

yes 5 ns diV 7 
20 ns div 

100 ns div 

div 

50 issid;i 

•tr 

'1..1 S sales prices are FO B Beaverton OR f or price and availability outside the United Stales plea' 
to change without notice 

'Se*  

S residiv 

Other Special Features-

3000 d6v ius stored writ 

110 dry vs stored wrffing 

Split-screen storage-

Only 10.5 Ito 14.8 kg 

OrdY 35*(9(1.6,99) 

Low-coateatti‘storage 

Widest Win a pone. 

Higtieerfoigninoe 250-M 

flee« gain-br•  inaz.•••:: • 

Cost ellective for . 

Ttisetrice standard 1,2-

5 nsidly Cost ellactine tor 50 1: 

20 na/dir OvlIy1O.5I lu 1s 

100 nsv Internal battery 

500 nsidn, Only lbs (3 2 

100ns city Only 3.519611 ,_ • 

400 ns div 011111f0scdius,.. • 

lyisdiv Low cost for d . 

10 ns dry Variable tinge. • 

Delayed swe: • 

Low. -cost 

Rackmount rr • 

2() ne div Lowest-cost • 

')MM functions lor the 464. 365 46, 

• •• o nearest Teklrono, Feeki Office D ,,• • • 

10 rts dry 

20 ns div 

20 ns die 122D 

695 

445 
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WHEN HEWLE -PACKARD WANTED 
TO PROTECT THEIR MEMORIES, 

THEY REMEMBERED US. 

When a computer 
loses power, its vola-
tile memory goes blank. 
Plain, simple, and costly. 

It doesn't have to 
happen. 
Because Gates Energy 

cells and batteries pro-
vide dependable standby 
power. They furnish the 
energy when the local 
power company can't. 

That's why more and 
more major computer 
manufacturers are mak-
ing Gates an integral part 
of their products. 
Our energy cells have 

outstanding capability for float 

4. 

chdrging.So,they're always at peak 
power for emergency situations. 
And, for portable instrumenta-

tion, Gates Energy cells offer safe, 
reliable sealed lead-acid con-
struction and extended discharge 

service. 
Learn more about Gates 

Energy. Send for our com-
prehensive information 
packet full of design data, 
spec sheets and application 
notes. Circle our Reader 

Service Number, or write us 
directly. 1E-6 
Gates Energy Products, 

Inc., 1050 South Broadway, 
Denver, CO 80217. Phone 
(303) 744-4806. 

GATES ENERGY 
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From a single CPU board 

to a half million word super computer 
That's the selection you get from ROLM's AN/UYK-19 
family. It's the most complete line of Mil- Spec com-
puters in the industry. And every piece is backed by 
extensive, updated, upward compatible software. 

Delivery? 30 days or less because they're all 
standard products in continuous production. Plus 
they follow a modular concept for interchangeability, 
compatibility and upgrading. 

Rolm completes the package with full nomen-
clature and an integrated line of both military and 
commercial peripherals. 

In just seven years we've been able to put together 
a family plan that lowers your programing costs, re-
duces hardware costs, cuts out your risk and gives you 
quicker reaction time. 

That's Why Were #1 in 
Mil-Spec Computer Systems 

fi 1 MIL-SPEC Computers 

4900 Old lronsides Drive. Santa Clara, CA 95050. (408) 988-2900. TWX 910-338-7350. 
In Europe: 645 Hanau, Muehletrasee 19, Germany, oetri 15011, TWX 416-4170. 
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For Production and R&D 

Model 936-60 

• Automatic gross leak testing 

• No throttling at high test-
port pressures 

• Dynamic range of 11 decades 

4 
Varian 

936 Series 

For Ultra-Sensitive Testing 

Model 936-65 

• Sensitivity to 2 x 10 -11 atm 
cc/sec for helium 

• No loss in pumping or 
clean-up time 

Choose the helium leak detector best suited to your application. 
All models offer unparalleled: 

Speed: 

Simplicity: 

Reliability: 

Cycle time 3 sec for gross leak testing; less than 6 sec 
from atmosphere to test for fine leaks. 

Go/no-go testing with single switch control. 
Also flip one switch to safe maintenance mode. 

New long- life spectrometer tube with self-cleaning ion 

For High-Volume Production 

Model 936-70 

• Automatic 

• Trapless—no liquid 
nitrogen 

• The only machine of its kind 

source. 

Ask about these machines that revolutionize convenience and efficiency 
in leak checking. Call or write Varian Lexington Vacuum Division, 
121 Hartwell Ave., Lexington, MA 02173; (617) 861-7200. 
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News from Washington 

DEBATE CONTINUES ON CURBING EXPORT OF TECHNOLOGICAL KNOW-HOW 

The Carter Administration continues to wrestle with proposals to re-

strict the export of technological know-how that might be of strategic 
value to the Soviets. Initially recommended by the Defense Science Board 

in a 1976 report, the proposed curbs--which focus on processes rather than 
end products--have been the subject of a long and grueling interagency 
study that, as of this writing, is yet to arrive at any common agreement. 

While the Defense Department wants to curtain off certain critical tech-
nologies in which the U.S. holds a lead over the Soviets, the State De-

partment and the Commerce Department are urging the adoption of a flexible 

policy that would permit the technologies to be used as a bargaining chip 

in general dealings with the U.S.S.R. 

Meanwhile, Philip Handler, president of the National Academy of Sci-

ences, which administers U.S. scientific exchanges with the Soviets, has 
recommended that Soviet requests for an expansion of the program be turned 

down, pending a Soviet response to the Academy's appeals for lenient treat-
ment of dissident scientists. In his report to the annual meeting of the 
Academy membership, Dr. Handler noted that several such inquiries had gone 

unanswered, and said, "I consider that we would be ill-advised to respond 
affirmatively to proposals for an increase (in)...exchange activity." 

CHINESE SEEK EXPANDED TIES WITH WESTERN RESEARCHERS 

In a reversal of the Maoist policy of restricting contacts between 
Chinese and Western research organizations, the new Chinese leadership has 

issued a strong appeal for an expansion of East-West scientific exchanges. 

Speaking at the recent National Science Conference in Peking, Party Chair-
man Hua and Vice Chairman Teng candidly acknowledged China's scientific 

backwardness, and stressed the value of close contacts with the West as 
part of a long-range plan to bring Chinese research up to world standards 

by tne year 2000. A timely example of the new philosophy was the May 5-29 

visit, hosted by IEEE, of a delegation of 12 from the Chinese Electronics 
Society. Their itinerary included ELECTRO in Boston, as well as stops in 

San Francisco, Los Angeles, Washington, and New York. 

NSF SURVEYS INDUSTRIAL HIRING 

Industry is likely to increase the proportion of doctoral-degree 
holders on its R&D staffs because of " the growing complexity of industrial 

technology and the fairly ready availability of new Ph.D.'s," according to 
a recently issued study of the National Science Foundation. Projecting 

ahead " for the next five to ten years," the NSF analysis states that some 
firms may decline to enlarge their hirings of Ph.D.'s because of the avail-
ability of "lesser trained and cheaper staff," or "because of a belief that 
Ph.D.'s are not well suited by virtue of their training to work in a profit-

oriented environment." However, the report goes on to speculate that "if 
there is a further decline in the salary differential earned by Ph.D.'s in 
relation to baccalaureate and master's graduates, probably some of those 
firms not now planning to accelerate Ph.D. hiring will do so." Copies of 

the study are available without charge. Request NSF 78-301 from the Divi-
sion of Science Resources Studies, National Science Foundation, 1800 G 

Street, N.W., Washington, D.C. 20550. 
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Energy report 

Last year set a record for nuclear power in the United States, with 

the nation's 65 nuclear plants producing approximately 250 billion kWh, or 
about 12 percent of all electricity generated. A recent report from the 

Edison Electric Institute (EEI) shows that nuclear plants achieved a capac-
ity factor of 62.4 percent of designed maximum-output ratings, an improve-

ment of 5 percent over 1976. Total output increased by 31 percent over 
1976 while total electric generation from all sources rose 4 percent last 
year to just over 2.1 trillion net kWh. A nuclear kWh costs, on the aver-

age, a total of 1.5 cents, about the same as in 1976. In contrast, a coal 
kWh costs 2.0 cents, up from 1.8 cents in 1976, and an oil kWh costs 3.9 
cents as compared with 3.5 cents in 1976. Thus, the electricity generated 

by nuclear power is demonstrably cheaper, and within five years such power 

should become the second largest source of electricity, provided the nu-
clear construction program is permitted to take its scheduled course. Coal 
remained the largest source of electricity in 1977, or about 47 percent, 
followed by oil and natural gas, 17 and 14 percent respectively; hydro 
accounted for about 10 percent. 

Construction of the first electrical generating plant in the U.S. to 

be powered directly by solar energy is expected to begin this year and to 
be completed by 1981. A 10-MW central receiver pilot power plant near 

Barstow, Calif., will use a field of 1500 to 2000 sun-tracking heliostats 
to concentrate sunlight onto a receiver/boiler. The receiver will be 

mounted on a 100-meter ( 330- foot) tower located slightly south of the cen-
ter of the field of the heliostats and the boiler will pump steam to a con-

ventional turbine to generate enough electricity to meet the needs of a 
community of about 6000 people. The U.S. Department of Energy will provide 
the solar portion of the plant at a cost of more than $100 million and the 

state and utilities will provide the site and utility network and will be 
responsible for operating the plant at a cost of about $ 20 million. The 
project will offer the first opportunity for industry and utilities to 

gain experience integrating solar hardware into an existing power system. 

A new type of power plant that, unlike other fossil-fuel plants, can 

produce electricity without combustion is under study by the General Elec-

tric Company for the Electric Power Research Institute. The plant will use 

second-generation fuel cells to convert the chemical energy present in coal 
or oil directly into electricity. Problems of fabrication and performance 

of cell electrolytes and corrosion of seals and other structural components 
have not been resolved as yet. However, once such problems are overcome, 

the second-generation fuel system is expected to yield a 75-percent effi-
ciency advantage over conventional combustion turbines. 

Power- factor control is the function of a small device invented by 
Frank J. Nolla, a space engineer at NASA's Marshall Space Flight Center. 

The device can continuously determine the load being carried by the motor 
to which it is attached by monitoring and detecting changes in the magni-
tudes of and the relationship between voltage and current flowing to the 
motor. By regulating the voltage level and current flow to the minimum 
required, the amount of wasted power in the form of heat loss is markedly 
reduced. The device can work on either single-phase or three-phase motors 

and can be applied to many existing household and industrial electric 

motors. The inventor points out that some 64 percent of all electricity 
generated in the U.S. goes to operate electric motors and estimates that 

10-20 percent of this amount could be saved by applying his device. 
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Where can you join 
a select group of professionals 
and not get lost in a crowd? 

We've got the best people working on the most challenging projects of today. Why? Because each is recognized 
as vitally important. 
A current project is the most advanced police communications system in the industry. Check over the following 
positions. And if you'd like to join us on this and other ongoing domestic and international projects, contact us today. 
For the career-minded individual, E-Systems is the answer. 

RF ENGINEERING SPECIALIST 
Requirements: 

,ixperience with 
large scale VHF/UHF Land Mobile 
Radio Communications Systems. 
Job Description: 
Design and implementation of base 
stations (consisting of transmitter 
and receiver sites), voting systems, 
antennas systems, and console 
systems. Perform site surveys, 
evaluate requirements, and 
participate in noise measurement, 
intermod analysis, and propagation 

studies. Must be willing to trave: 
as required. 

SENIOR MICROWAVE 
SYSTEMS ENGINEER 
Requirements: 
BSEE,3-4 years experience in 
the design, installation, and test 
of Microwave and Multiplex 
Communications Systems. 
Job Description: 
Design and implementation of new 
microwave links, upgrading and 
adding on to existing links, prepare 
documentation for implementation, 
acceptance, FCC licenses, etc. Will be 
required to participate in the initial 
Lix ieup and acceptance testing. Must 
be willing to travel as required. 

SENIOR DIGITAL 
SYSTEMS ENGINEER 
Requirements: 
BSF years experience with 
mini computers and Digital 

Communications Systems. 
Experience with PDP-11 or 
I.SI-11 highly desirable. 
Job Description: 
Design and implementatión of a 
computer controlled diagnostic and 
telemetering system for a large 
scale Communications System. 
Will be responsible for selection 
of hardware, supervision of the 
software/firmware preparation, 
documentation, system operation, 
and acceptance testing. Must be 
willing to travel as required. 

e E-SYSTEMS 

Mr Garland Division 

An equal opportunity M/F employer E-Systems is the answer. 

Send your resume to 
Employment Manager 
E-Systems. Inc 
P 0 Box 226118 
Dallas, Texas 75266 
(214) 272-0515 
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The next time you have 
a technological problem, 

call the world! 
Now, for only $10, you can get everything you 
need to access a billion-dollar, worldwide 
computer system with a data bank of technol-
ogy wanted and technology for sale! You can 
search the system with your own computer or 
teletype terminal, use one of the public termi-
nals maintained by Control Data Corporation 
in major cities throughout the world, or we will 
search the data bank for you. 

This special introductory offer to our subscrib-
ers is made possible by TECHNOTEC, a 
technology exchange service of the Control 
Data Corporation. Companies worldwide use 
TECHNOTEC to buy and sell products, proc-
esses and expertise across all industry lines 
and cultures. 

You can search right from your own office. 
Local telephone numbers are used to access 
the system in 120 cities. TWX, Telex and satel-
lites give the system interactive communica-
tion throughout the world. Mail and telephone 
service are available if you don't have a 
terminal. 

The cost is amazingly low. You pay only $10 for 
start-up charges, instruction manuals, etc. 
Thereafter, you pay time-sharing charges to 
search the data bank on your terminal (8-10 
dollars per search is average). A small sur-

charge is added if we conduct the search for 
you on our terminal. After buyers and sellers 
locate each other, they are free to negotiate 
directly. TECHNOTEC does not charge bro-
kerage fees, royalties, etc. 

TECHNOTEC can save your company 
thousands of dollars every year, and keep you 
up-to-date on new products and processes 
available worldwide. To get started, simply mail 
this coupon today! 

I'm interested! Enclosed is $ 10.00 (or a company purchase order). Please send TECHNOTEC identification 
and instruction materials immediately. 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY 

Send To: 
IEEE Spectrum % TECHNOTEC 
P.O. Box 1985 • Twin Cities Airport Branch • St. Paul, MN 55111 

STATE ZIP 
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Why..Even when the need is urgent, 
Hughes doesn't hire ordinary engineers. 

The Hughes Radar Systems 
Group Laboratories have no 
openings for engineers who do 
not exceed the norm. The reason? 
Our current success is the direct 
result of innovative thinking and 
beyond-the-state-of-the-art 
execution. 

Key programs, which extend 
thru the 90's, include tomorrow's 
space/communications/missile 
systems. It's obvious to us that 
engineers satisfied with the status 
quo can't move us ahead. 

Our debt is to the creative, 
improvising engineer who 

challenges obvious solutions to 
difficult problems. The principal 
result of this approach is a 
27-year record of solid technical 
accomplishments. 

The next 20 years won't be 
easy But we are sure of our 
future. We'll hire the same kinds 
of people who put us where we 
are today...the engineers who 
are way above average. We offer 
good positions in stimulating, 
intellectual and goal-oriented 
environments for long-term 
stability and growth. Incidentally, 
our salaries not only attract but 

keep our kind of engineers. 
If this engineering opportunity 

message interests you, then we 
definitely have something to talk 
about. To arrange an interview 
with a member of our technical 
staff, write directly to: 
Professional Employment 
Hughes Radar Systems Group 
Laboratories 
11940 West Jefferson Boulevard 
Culver City, CA 90230 

:I HUGHES 
HUG,ES A ,RCRAF f COMPANY 

AEROSPACE GROUPS 

U.S. Citizenship Required An Equal Opportunity M/F/HC Employer 



BANK OF CANADA - BANQUE DU CANADA • 
lue734897 

If you are genuinely 
interested in expanding your 
business horizons, include the 
Montreal Urban Community in 
your corporate planning 
discussions. 
The Montreal Urban 

Community is a hub of industry 
and commerce. We have a 
renowned maritime port, two 
international airports, efficient 
highway and rail networks, 
low-cost energy sources, and a 
large, skilled labor force. 
We specialize in joint 

ventures, and will help you to: 

• Carry out a summary 
market study for your 
products or manufac-
turing techniques; 

• Identify potential indus-
trial partners, according 
to your stated needs; and 

5 

.%tereetediktre.le.e` 

• Take advantage of a 
variety of government 
incentives to industry.* 

We will find you a partner 
prepared to enter into a joint 
venture agreement, e.g., 
licencing, exchange of know-
how, manufacturing subcon-
tracts, etc. Our services are 
free and confidential. 

Please write us, enclosing 
your firm's catalogues. We'd 
love to show you why 1 + 1 > 2. 

•The Federal Department of Regiona. 

Economic Expansion has designated 

Montreal eligible for grants of up to 
25% of capital costs in the following 
industry sectors metals, machinery, 

transportation equipment, electrical, 

electronic, chemical, scientific and 
professional supplies, sporting good; 

and toys. and prepared and 
frozen foods. 

IMM Ma MM NIB BIM 

Montréal 
Urban 
Community 
EconornIc Development 0- • 
P 0 Box 55 Stock Exchanoy 
Montreal Canada H4Z 1Aà City  
Telephony ( 514) 872 6996 
Telf'X COMURBAINF MT L 05 2 7128 Tel   

Circle No. 20 

I.E.E.E. 6 

Name  

Title  

Company  

Address  

State 

Zip  

Electronics 
Engineers 
Meet the EMC 

challenge 

with IITRI in 

Annapolis, Maryland 

Our mission at the Electromagnetic 

Compatability Analysis Center is to an-

alyze communication and electronic 

systems for potential EMC problems and 

recommend corrective action. 

As an arm of one of the nation's largest 

independent not-for-profit research or-

ganizations, we offer high-caliber pro-

fessionals the rare opportunity to par-

ticipate in perhaps the most sophisti-

cated and advanced work being done in 

the field of EMC. 

Our unpressured environment encour-

ages professional growth and our de-

sirable location offers a choice of life-

styles and an abundance of leisure-time 

activities. 

Present opportunities exist for: 

ELECTRONICS 
ENGINEERS 

with interest in communication 

system modeling. Must be capable of 

developing digital computer adaptable 

models of digital detection processes, 

analog detection processes, interfering 

signal voltages, or unintentional man-

made radio noise voltages encountered 

in modern day communication systems 

BSEE required. MSEE desirable. 

PROJECT 
ENGINEERS 
.. with interest in EMC problems and in 

the frequency allocations and assign-

ment processes which affect commu-

nications, radar, navigation and other 

electronic systems. BSEE required. 

Attractive salaries and benefits U.S. 

Citizenship required. Please send re-

sume, and salary requirements, to: Mr 

Bill Brown, or CALL COLLECT (301) 

267-3218. 

I lfl HT 
Research 
Institute 

P.O. Box 1711 
Annapolis, Maryland 21404 

An Equal Opportunity 
Employer. M/F 
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Readers are invited to comment in this department on material previously 
published in IEEE Spectrum; on the policies and operations of the IEEE; and 
on technical, economic, or social matters of interest to the electrical and 
electronics engineering profession. Short, concise letters are preferred. The 
Editor reserves the right to limit debate on controversial issues. 

The right to reproduce 

IEEE is a publishing house, at least in 
the sense that it prints and distributes 
the journals of its technical Groups and 
Societies. Our Group/Society and 
membership dues, together with the 
voluntary page charges that are re-
quested of authors, guarantee that the 
publishing arm of the IEEE will not go 
broke. Thus, I strongly object to the co-
pying fee that the Institute now collects 
under the new copyright law (" Spectral 
lines," Jan., p. 23). 
Why should a fee be charged to in-

dividuals who choose further to 
disseminate information for which the 
not- for-profit publishing costs have 
already been met? Provided that a pro-
per source citation accompanies each 
copy, the further circulation of a paper 
can only benefit both IEEE and the 
author by increasing the exposure the 
paper will receive. Why should the In-
stitute have a continued financial in-
terest in the publication? 

The " cryptic" code (sic) referred to in 
"Spectral lines" should have read: 
0018-9235/78/0100-0023$FREE. Why 
can't all of the IEEE codes read that way 
from now on? 

David K. Bernhardt 
-Schenectady, N.Y. 

Mr. Bernhardt's thoughtful letter pro-
vides a good opportunity to illuminate 
some little appreciated aspects of jour-
nal economics and photocopying. First, 
membership dues and author page 
charges by no means guarantee solven-
cy. They cover less than 40 percent of 
publication costs. Most people don't 
realize that the preponderance of journal 
income, about 60 percent, comes from 
libraries. Library usage, therefore, is the 
single most important factor affecting 
journal viability and survivability, which 
is why library photocopying is such a 
sensitive and important matter. 

Second, the new copying fee does not 
apply to individuals. They can continue 
to make single copies for personal use 
as before. The fee applies only to 
organizations— and then only in the par-
ticular case where an organization is 
engaged in what the new U.S. copyright 
law terms as "systematic" copying. 
Although " systematic" has not been ful-
ly defined as yet, it is expected that the 
impact of the copying fee for the most 
part will be limited to large industrial 
libraries. A prohibition against 
unauthorized, unlimited systematic co-
pying was adopted by the Congress 
because of its potential serious impact 
on journal subscriptions, which is an 
area of vital concern. 

It should be noted that IEEE's basic 

philosophy is to permit copying on re-
quest without fee. Of the 1000 reprint 
permission requests we receive annual-
ly, only 1 to 2 percent involve a fee. 
These are special situations related to 
commercial resale of IEEE published ar-
ticles. 

Now, with the new copyright law, a fee 
has been added for systematic copying. 
(The money IEEE expects to receive as a 
result of this fee will be returned to the 
sponsoring publication.) When the 
volume of photocopying from a single 
subscription reaches the level of 
thousands of copies per year, which it 
now does under systematic copying, it is 
not unreasonable that the beneficiaries 
should help pay for the cost of providing 
the technical information they are 
systematically utilizing in such great 
abundance. Indeed, the heads of two 
major affected libraries have said that 
IEEE's fees and copyright policies are 
not only reasonable, but exemplary. 

E. K. Gannett 
Staff Director 
IEEE Publishing Services 

Chinese technology 

Herbert Sherman's report on " Elec-
trotechnology in China" (Feb., pp. 
60-66), which came out of a three-week 
visit to that country by a group of IEEE 
members, reflects the successful efforts 
by both the delegation and its hosts to 
improve mutual understanding and com-
munications between U.S. engineers 
and those of the People's Republic. 

It should be noted that most of the 
technologies Dr. Sherman discusses— 
ics, telecommunications, computers, 
data communications, radio, televi-
sion— have significant defense applica-
tions; defense plays an important role in 
the development of these technologies 
in all countries, but particularly in a 
socialistic country such as China. 
Moreover, it is common knowledge that 
China's defense industries, which were 
managed by independent Government 
ministries, were little— if at all—af-
fected by the Great Cultural Revolution 
or the influence of the "Gang of Four." 
Thus, it seems reasonable to conclude 
that the technical competence and level 
of modernization in these areas are 
much more advanced in China's 
defense-related industries than in their 
civilian counterparts. Here, the danger 
exists that an evaluation of elec-
trotechnology in China based on tours 
of the facilities that are open to visitors 
can lead to underestimation of the coun-
try's true capabilities. 

Dr. Sherman also states that "the 
words for motor and generator are the 

same in Chinese and so the name 
Shanghai Motor Factory means that the 
plant makes both..." Apparently, this is a 
misunderstanding, because the lan-
guage does provide separate terms: Fa 
Tien Chi for generator, or machine sends 
out electricity; and Tien Tung Chi for 
motor, or machine moved by electricity. 
From the author's description, it ap-
pears that the factory visited by the 
delegation must be the Shanghai Elec-
trical Machinery Factory, since it is the 
only one in China (known to the outside 
world, at least) that produces 300-MW 
double water-cooled generators. And in 
Chinese, electric machinery (Tien Chi) is 
defined to include generator, motor, and 
transformer. However, that factory does 
not make steam turbines. These are 
manufactured nearby in the Shanghai 
Steam Turbine Factory, which also has 
been visited by Western groups. 

Lawrence Lam 
Chinese-American Institute 

of Engineers 
San Francisco, Calif. 

Negative feedback 

I feel obliged by the nature of H. S. 
Black's article on " Inventing the feed-
back amplifier" (Dec. 1977, pp. 54-60) to 
dig back again into the history of this im-
portant development. It is granted that 
Dr. Black made a very clear statement of 
the principle in 1927, but the nostalgic 
remembrances of its discovery—" in a 
flash"—engender a bit of skepticism. 
The possibility of prior conception by 

others was broached in an article (or let-
ter) by Rote Greber in the Proceedings of 
the IRE in July 1959. At the time, I wrote 
to the Proceedings and to Dr. Greber, 
nominating Stuart Ballantine as the first 
to suggest negative feedback in his Pa-
tent No. 1 723 719, filed January 9, 1923. 
In it, Ballantine stated in regard to " an 
audio frequency bias voltage in phase 
with or exact opposite to...a correcting 
bias of substantially the same wave 
form as the audio frequency wave...may 
be applied to an audion or other amplify-
ing circuits for the purpose of reducing 
or eliminating distortion..." 

This patent became a reference for 
the development of the Ballantine 
Laboratories Model 300 Electronic 
Voltmeter, which was the first commer-
cial instrument to capitalize on the prin-
ciple of negative feedback to stabilize 
its performance. It was an enormous 
success. It is remarkable that the 
Western Electric Company never ap-
proached Ballantine in the matter of 
licensing under any of its patents, 
specifically the Black patent, No. 
2 102 671. 

Edmund Osterland 
W & G Instruments, Inc. 
Livingston, N.J. 

Harold Black's article is a very in-
teresting contribution to the history of 
electronics. However,...it seems worth 
mentioning that the invention of the 
negative feedback amplifier is a nice ex-
ample of an idea originated in-
dependently and almost simultaneously 
by two different people working in dif-
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ferent parts of the world: Harold S. Black 
with Bell Laboratories in New York and 
K. Posthumus with Philips Research 
Laboratories in Eindhoven, the 
Netherlands (see the survey article by B. 
D. H. Tellegen in Philips Technical 
Review, vol. 2. p. 289. 1937). Patents have 
been granted to Posthumus in several 
countries for his invention of what was 
then termed the " inverse feedback" 
amplifier ( British Patent 323 823. for ex-
ample, and Dutch Patents 28 871 and 
33 318). 

G. Diemer 
Philips Research Laboratories 
Eindhoven, the Netherlands 

Clarke comments 

I have just seen the Spectrum cor-
respondence referring to my work ( 1977 
Forum: Apr., p. 12: July, p. 11; Sept., 
p. 26). 
I did not invent the concept of the 

geostationary orbit— it dates back to the 
astronautical literature of the 1920s. 
And, of course, any astronomer after the 
time of Newton could have pointed out 
its possibility; I am sure that someone 
did, especially after the discovery of 
Deimos in 1877. 
When I worked out the comsat idea, in 

early 1945 (the first reference is in a let-
ter to Wireless World in February, which 
I had long since forgotten until someone 
discovered it), I am fairly sure that I was 
not thinking of George Smith's Venus 
Equilateral stories. But as John Pierce 
pointed out (see my introductions to his 
The Beginning of Satellite Communica-
tions and to the new edition of Venus 
Equilateral), it's very probable that I was 
unconsciously influenced by them. 

Mr. Goeller is a bit hard on Samuel 
Lutz, whose remark that most engineers 
associate me with science fiction rather 
than comsats is probably correct, and 
not at all insulting! Anyhow, I am happy 
either way... 

Recent debates over the ownership of 
the geostationary orbit prompt me to 
pass on a joke make at the Prague IAF 
Congress last year. There's already a UN 
Committee on the Peaceful Uses of 
Outer Space. Some wag suggested that 
we now need one on the Useful Pieces... 

Arthur C. Clarke 
Colombo, Sri Lanka 

On registration 

As an IEEE member and a registered pro-
fessional engineer, I've been following 
IEEE's...activities in the proposed man-
datory professional engineer political 
arena. The "Spectral lines" discussion, 
"Registration: a second look' ( Mar., p. 
29), notes that the Damon committee 
wants to hear the views of individual 
members, and so I would like to present 
mine. 
I am proud to be a registered engineer 

in the states of Pennsylvania and Il-
linois. I was the 616th person to be 
licensed by examination in Penn-
sylvania; one out of three successfully 
passed the exams at that time. It wasn't 
easy and I view myself as a member of a 

select group. I did it on my own— no one 
required me to do it. 

That, however, does not indicate that I 
have any special capabilities above and 
beyond those of my peers. I still seek aid 
and guidance after some 32 years in the 
business from the several hundred 
engineers with whom I work; some are 
registered but probably most are not. 
I look to IEEE, as a professional socie-

ty, for technical professionalism, not as 
a regulator of the engineering profes-
sion and industry. 
Second, the requirement for industry 

to have only registered engineers in 
responsible positions will make great 
demands on the licensing agencies and 
the examinations will become relatively 
easy to pass. Registration will not 
enhance an engineer's competence. It 
does not now, and the concept should 
not be further weakened. 

Furthermore, all engineers in the 
home appliance industry are in responsi-
ble positions. If their supervisors are 
registered, nothing changes. Where is 
the evidence that the products of in-
dustry need whatever more registered 
engineers can contribute? (What is ex-
pected to happen to home appliances, 
for example, when all these responsible 
engineering positions in industry are 
filled with registered engineers?) 

All home appliance manufacturers en-
courage their engineers to become 
registered by appropriate training and 
state examination. Most of them en-
courage registration by providing free 
time for study and financial assistance 
in addition to their salaries for this study 
and registration. None, however, want 
registration to be mandatory. 

Business already is overregulated and 
compulsory engineering registration not 
only will add nothing of value, but will 
provide an impediment to holding down 
costs and inflation. 

Herbert Phillips 
Association of Home Appliance 

Manufacturers 
Chicago, Ill. 

'Rejected' or 'submitted' paper 

I read with interest the comments of 
David Carta (Jan., p. 13) concerning 
publication of information about re-
jected papers. As editor of the IEEE 
Transactions on Automatic Control, I 
have been involved in discussions of this 
sort... 

Mr. Carta's basic idea is that some 
...archival record should be made of all 
papers rejected by a journal, giving 
enough information so that an in-
terested reader may obtain copies of 
such papers. Assuming that the journal 
could afford to devote space to this ven-
ture, I believe the idea has little merit 
because: Who wants to be included in a 
list of unsuccessful authors? Who has 
ever seen a bad abstract? How can one 
determine the relationship between an 
abstract and the full paper? Does it 
make sense to have a paper that ap-
pears in one journal be included on the 
rejected list in others? If a paper is re-
jected because it is technically incor-
rect, why advertise incorrect results? 

Why list good papers that are rejected 
because their subject is inappropriate 
for a particular journal readership but 
that eventually will appear elsewhere? 
I do not deny that some useful func-

tion may be served by timely reporting of 
topics, authors, and locations of R&D 
work in a field. One way to do this would 
be to list titles and authors (and their ad-
dresses) of papers submitted to a jour-
nal. The main purposes would be to: pro-
vide timely information about who is 
working on what, and where; provide 
some recognition for the effort required 
even to submit a paper; speed up a 
possibly inefficient reviewing process by 
publicly providing data that could be 
used to compute how long it takes to get 
through the process; attract attention to 
areas of work that never seem to get 
published in the journal; help identify 
other works in a given field of interest, 
whether or not the papers are eventually 
published; open up editorial processes 
to public scrutiny; and uncover unknown 
expertise to help in the reviewing pro-
cess. 

...To be sure, there do exist a variety of 
editorial review procedures; most are 
represented in one or another journal 
published by IEEE. So far, no group ex-
perienced in the editorial process has 
found that the virtues of any such 
scheme outweigh its disadvantages. 

Stephen Kahne 
Case Western Reserve University 
Cleveland, Ohio 

IEES? 

"Tradesmen" at the Bonneville Power 
Administration paid more than 
engineers (" Engineer at large," Mar., p. 
21)? Yes, because they are worth more to 
the economy. Engineers will be paid 
more when they are worth more. That 
will not happen until ECPD revises its 
mix of curriculum judges to include a 
majority of practitioners from industry. 
As for the bachelor-of-engineering 

technology degree (The Institute, Mar., 
pp. 4-5)— what's in a name? The B.E.T. 
degree came about because too many 
electrical engineering graduates are on-
ly scientists and don't know, at gradua-
tion, which end of a soldering iron is the 
hot end. The world needs practical 
theorists. 
The real error seems to be in our re-

taining the name "engineer" when, in 
truth, we are scientists primarily. Even 
our degrees read: a bachelor of science 
in ... Besides, we at IEEE often treat like 
dirt those who practice, sell, market, or 
manage. 

Look at " Spectral lines" for March (p. 
29) and the quote [from William Hayes]: 
"This country's economy rests on a 
strong technical base. The presence of 
thousands of competent engineers 
working not just in design, but in sales, 
marketing, and management, is what 
makes that base so strong... To exclude 
them from the engineering profession 
for not meeting criteria needed by only a 
few would be very wrong..." 
Should we rename ourselves the IEES, 

for scientists? 
Robert B. Angus, Bedford, Mass. 
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Wiley Highlights 
for June 197833. 
THE SEMICONDUCTOR MEMORY BOOK 
Intel Marketing Communications 
The first in a series of Wiley/Intel publications covering large-scale 
integrated semiconductor products. This book presents an extensive 
collection of semiconductor memory application and specification 
information—compiled by one of the world's largest suppliers of 
memories and microprocessors. Contents: Static RAMs. Dynamic 
RAMs. PROMs and ROMs. Charge-Coupled Devices. Memory Support 
Circuits for Dynamic RAMs. Reliability Reports. 
approx. 544 pp. (1-03567-X) 1978 $11.50 (tent.) 

PASSIVE AND ACTIVE MICROWAVE CIRCUITS 
J. Helszajn 
Component rather than system oriented, this book incorporates 
examples of the most important devices used in microwave engineer-
ing. Topics include scattering and immittance matrices, passive net-
works, classic nonreciprocal ferrite devices, gyrator circuits, and 
circulators, and semiconductor devices. 
approx. 272 pp. (1-04292-7) August 1978 $14.50 (tent.) 

DIGITAL IMAGE PROCESSING 
William K. Pratt 
An encyclopedic, yet easy-to-read coverage of the field of digital 
image processing. The first three parts of the book provide readers 
with the necessary mathematical and conceptual background. The 
last three parts concentrate on the three application areas: image 
enhancement and restoration; image analysis; and image coding. The 
total presentation is quantitative and detailed; and readers should be 
able to apply information to immediate job tasks. Includes many 
photographic examples of pictures processed by a variety of digital 
image processing techniques. 
approx. 752 pp. (1-01888-0) 1978 $33.00 

APPLIED TIME SERIES ANALYSIS 
Vol. 1: Basic Techniques 
Robert K. Otnes & Loren Enochson 
Provides tried and proven methods for digital time series analysis 
along with examples of applications. Each chapter contains theoreti-
cal background, information on how to do the computations on a 
computer, and examples of applications of the technique. Computer 
programs for digital filtering, Fourier transform, and random number 
generation are given in the appendices and explained in the text. 
approx. 496 pp. (1-24235-7) 1978 $25 00 

SOLAR HEATING DESIGN 
By the f-Chart Method 
William A. Beckman, Sanford A. Klein, & John A. Duffie 
Provides a practical method for sizing a heating system that combines 
solar heating with a conventional auxiliary energy source (furnace) to 
obtain the least costly design. Considers all parts of the system: a solar 
collector that heats either liquid or air; an energy storage unit; and 
auxiliary heater. 200 pp. (1-03406-1) 1977 $14.95 

ELECTRICAL BREAKDOWN OF GASES 
Edited by J.M. Meek & J.D. Craggs 
Provides a detailed, specialized treatment written by experts in the field. 
Contents: Fundamental Processes in the Electrical Breakdown of 
Gases, J.A. Rees. Vacuum Breakdown, PA. Chatterton. Spark Break-
down in Uniform Fields, J. Dutton. Corona Discharges, R.S. Sigmond. 
Spark Breakdown in Nonuniform Fields, R.T. Waters. Breakdown 
Voltage Characteristics, D.T. Blair. Irradiation and Time Lags, C.G. 
Morgan. High-Frequency Breakdown of Gases, J.D. Craggs. Laser-In-
duced Electrical Breakdown of Gases, C.G. Morgan. Spark Channels, 
J.D. Craggs. Electrode Phenomena, R. Holmes. 
approx. 920 pp. (1-99553-3) 1978 $79.00 (tent.) 

GENERATION OF PRECISION ARTWORK 
FOR PRINTED CIRCUIT BOARDS 
Preben Lund 
A comprehensive description of rational working methods, dealing with 
both manual methods and automated drafting and computer-aided 
design techniques. Emphasizes the board manufacturing processes 
so that PCB designers and draftsmen will be able to set up reasonable 
design criteria for the preparation of artwork. 
approx. 376 pp. (1-99587-8) 1978 $26.95 (tent.) 

Available at your bookstore or write to Nat Bodian, 
Dept. 092-8505. 

CD WILEY-INTERSCIENCE 
a division of John Wiley 8 Sons, Inc 
605 Third Avenue. New York, N.Y. 10016 
in Canada, 22 Worcester Road, Rexdale. Ontario 

INTRODUCTION TO COMMUNICATIONS 
ENGINEERING 
Robert M. Gagliardi 
An engineering text devoted to the analysis and design of modern 
communication systems. Covers practical system considerations in the 
overall construction of an operating communication link, demonstrat-
ing the importance of many theoretical areas—detection theory, coding 
theory, information theory, etc.—to the practical aspects of system 
design. Emphasis is on deriving design equations of each communica-
tion subsystem, interpreting their implications, and carrying out trade-
off studies in system comparisons. 
approx. 528 pp. (1-03099-6) 1978 $26.50 

OPTICAL SHOP TESTING 
Edited by Daniel Malacara 
This book brings together descriptions of all tests useful in the optical 
shop for testing optical components and systems Each chapter is by 
a specialist who has used—and often improved—that type of test. 
Emphasis is on tests to be used during the construction phase of 
optical components and systems. Suitable as a text for a course in 
optical testing or interferometry. 
approx. 548 pp. ( 1-01973-9) 1978 $29.95 

LINEAR SYSTEMS, FOURIER TRANSFORMS, 
AND OPTICS 
Jack D. Gaskill 
A complete and balanced account of communication theory, provid-
ing an understanding of both Fourier analysis and the concepts 
associated with linear systems and the characterization of such 
systems by mathematical operators. Presents applications of the 
theories to the diffraction of optical wave fields and the analysis of 
image-forming systems. 
approx. 624 pp. (1-29288-5) May 1978 $24.95 (tent.) 

ENGINEERING FUNDAMENTALS, 2nd Ed. 
Examination Review 
Donald G. Newnan & Bruce E. Larock 
This revised and updated new edition combines a systematic review of 
fundamental engineering principles with problems from previous 
Engineer-in-Training examinations. Covers mathematics, statics, dy-
namics, mechanics of materials, fluid mechanics, thermodynamics, 
chemistry, electricity, and economic analysis. Includes complete 
solution for every problem; up-to-date multiple choice format; and 
increased attention to SI units and to unit conversions. 
503 pp. (1-01900-3) 1978 $21.95 

Ma Ma UM IM MI MI mum mammas 

Please send the books indicated for 
15-DAY FREE EXAMINATION. 
(Restricted to the continental U.S. and Canada.) 
Mail to: WILEY-INTERSCIENCE 

PO. Box 092, Somerset, N.J. 08873 
E Payment enclosed, plus sales tax. Wiley pays postage/han-

dling. We normally ship within 10 days. If shipment cannot be 
made within 90 days, payment will be refunded. 

III Bill me. D Bill firm or institution. 

(1-03567-X) SEMICONDUCTOR MEMORY BOOK $11.50* 
Ei ( 1-04292-7) PASSIVE AND ACTIVE 
MICROWAVE CIRCUITS  $14.50* 

C (1-01888-0) DIGITAL IMAGE PROCESSING $33.00 
D (1-24235-7) APPLIED TIME SERIES 
ANALYSIS, Vol. 1  $25.00 

E (1-03406-1) SOLAR HEATING DESIGN  $14.95 
ID (1-99553-3) ELECTRICAL BREAKDOWN 
OF GASES $79.00* 

El (1-99587-8) GENERATION OF PRECISION 
ARTWORK FOR PRINTED CIRCUIT BOARDS $26.95* 

C (1-03099-6) INTRODUCTION TO COMMUNI-
CATIONS ENGINEERING  $26.50 

El ( 1-01973-9) OPTICAL SHOP TESTING 629.95 
(1-29288-5) LINEAR SYSTEMS, FOURIER 
TRANSFORMS, AND OPTICS $24.95* 

C (1-01900-3) ENGINEERING FUNDAMENTALS, 
2nd Ed  $21.95 

*Forthcoming. Do not send payment; we will bill you. 

NAME 

AFFILIATION 

ADDRESS 

CITY  STATE/ZIP 

Ls Illa 111.1 BIB WM Ma Ili Mil 1•11 MI Mil OM 
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WE'RE LOOKING FOR SOFTWARE 
TELECOMMUNICATIONS SYSTEMS 
ENGINEERS WHO WILL DESIGN THE 
SYSTEMS OF TOMORROW 
Design and development engineers who can visualize the advanced digital systems of the world's telephony networks will find a like-
minded g roup of exceptional professionals here at GTE Automatic Electric Laboratories. The technology may not be as far removed from 
your present field as you think. 

For example, a large scale data communications network using real-time interfacing and control would employ the basic theory from 
which we would evolve the transmission, control and switching systems for all digital telephony process. Think about it. We're looking at 
the future every day. 

CALL TOLL FREE (800) 323-1966 
In Illinois ( 800) 942-0491 
Monday thru Friday from 8 am to 5 pm cdt 

APPLIED RESEARCH 
Performs research on circuits, systems and subsystems and related hardware and software in order to provide management with 
information on concept feasibility and estimated system cost for design and development. Efforts involve providing existing services 
with new techniques and/or new services on existing equipment. 

LONG RANGE PLANNING 
Long Range Planning activities involve research studies on a wide variety of subjects related tothetelephone communications industry. 
These studies include such areas as data communications, new technology, new services, futureswitching networks, evaluation of new 
switching techniques and review of the impact of political, economic and regulatory considerations. Intent is to provide well founded 
counsel and recommendations to upper management on future development programs and courses of action. 

SYSTEMS DESIGN 
New Feature Design — Plan and develop the future hardware and software evolution of current large scale fully stored program 
controlled switching systems. Develop new features for existing equipment, study new features impact on existing systems. and 
estimate the development costs and requirements. 

Product Design — Design advanced fully stored program controlled systems for telecommunication application. Develop large scale 
software programs in an on-line, real-time environment and related digital hardware using CMOS. Schottky. TTL as well as Static and 
Dynamic MOS. 

International Design — Develop design philosophy and Architecture Definition of switching systems for international markets. This 
involves high level design structure development and detailed studies of critical problem areas. Define specific design implementation 
tasks, review progress and coordinate developments with implementation teams abroad. 

SOFTWARE DESIGN 
Data Base Software— Responsible for logical and physical data base design and implementation related to telecommunications 
systems. Develop programs which atuomate the generation of data base contents for these systems in an IBM 370 environment using 
PL/1. 

Support Software— Involved in compiler. assembler, simulator maintenance and enhancement as well as other IBM 370 software 
developments. Support effort is related to micro and large processor developments. 

Application Software— Large scale development in telephone system real-time control Diagnostic and fault recognition software. 
administrative software involving real-time data base administration, switch and network overload procedures as well as executive 
software. 

SYSTEMS CONTROL AND TESTING 
Development and execution of comprehensive test plans to evaluate the performance of large stored program switching system 
prototypes. Execute configuration management on all hardware, software, and components and maintain project control for all 
activities. System evaluation performed on both laboratory prototypes and initial field site locations. 

If you have in-depth expertise in one or more of these areas. and a BS. MS or PhD in Electrical Engineering, Computer Science. Math or 
other appropriate engineering discipline as well as an interest in moving forward with challenging new frontier in computer technology 
talk with us. 

If unable to call, send resume including recent salary history to: 

Manager of Technical Employment 
Dept 471 A6 

(ci -4 AUTOMATIC ELECTRIC &" LABORATORIES 
400 N Wolf Road 
Northlake, IL 60164 

An Equal Opportunity Employer MiF 
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DESIGN a voice 
command system with 
the Siliconix 
CODEC 

lk WIN 
an Apple!® 

Ix= 

Enter the Siliconix CODEC Design Contest and win 
an Apple II — the world's best-selling personal computer 
— or another great prize. All you have to do is use 
Siliconix' CODEC to design a microprocessor-based 
system which responds to your spoken words (or talks 
back to you). Our CODEC is a two-chip set: the DF331 
coder is a high-speed serial output A/D converter — a 
complete subsystem-on-a-chip; the DF332 decoder con-
verts high-speed digital bit streams into analog signals. 
The system you design must be capable of understanding 
or speaking at least 16 words. 

Here's what you can win: 
1st prize: 

2nd prize: 

3rd prize: 

4th prize: 

Apple II personal computer (retail value 
$1,445). A completely self-contained 
computer system with high resolution 
color graphics in 15 colors (with color 
TV); BASIC in ROM, 16K bytes of RAM, 
built-in video interface, cassette I/O, four 
A/D inputs with two game paddles 
supplied, eight peripheral slots, three 
TTL inputs and four TTL outputs. Apple 
II plugs into any standard TV using a 
modulator. 
Siliconix LCD Stopwatch-In-A-Wristwatch 
Features time, day, date, plus split timing 
stopwatch functions. 
Siliconix LED Stopwatch. Includes split 
timing function. 
Siliconix Telephone Timer. Includes start/ 
stop and timeout. 

5th prize: Siliconix LED Stopwatch. Features 
a digital start/stop timer. 

All entries must be accompanied by our official entry 
blank. Get yours, along with complete contest rules, 
data sheets and other information, by filling out the 
coupon below. 

Siliconix 
Mail to 
Siliconix CODEC Design Contest 
2201 Laurelwood Road 
Santa Clara, CA 95054 

Yes, I want to know more about the Siliconix CODEC 
Design Contest. Please send me details and the official 
entry blank. 

Name. Title  
(Optional) 

Company.  

Address. Mail Station 

City. State. Zip 
IEEE 6 78 j 
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Venerable standard 
due for update 

One of the Institute's most venerable 
standards—high-voltage testing techni-
ques—is about to be updated in a version due 
out this month. Tracing its genesis back to 
the beginning of this century, the current ver-
sion establishes standard methods of high-
voltage measurement and of basic testing 
techniques so far as they are generally ap-
plicable to all present types of apparatus for 
alternating and direct voltages, lightning and 
switching impulse voltages, and impulse cur-
rents. 
As far back as 1899, the subject had been 

addressed in the earliest standardization 
report of the American Institute of Electrical 
Engineers, and two decades later, when the 
AIEE's standards were reorganized into 
separate sections, measurement of test 
voltages became one of the first subjects to be 
designated for separate publication. The first 
edition appeared in 1928, and like earlier ef-
forts in this area, bore the imprint of Charles 
P. Steinmetz, among other early giants in the 
industry. 
IEEE Std 4-1978 is about twice the size of 

the last revision (about 60 pages in length) 
published in the late 1960s. Part of the in-
creased space is used to present a textbook-
like guide to readers for evaluation of various 
methods. In addition, the revision contains 
several features not found in the earlier work. 

For example, the standard now contains 
contamination testing procedures for suspen-
sion and support insulators, lightning ar-
resters, and bushings. As the industry has 
moved to 500-kV and higher-voltage systems, 

Have wireless, 
will travel 

Fanciers of classic radio equipment planning 
a trip through Colorado may want to contact 
the Rocky Mountain Antique Wireless 
Association. This association boasts a 
number of interesting antiques, such as a 
model of the first aircraft radio (a pre-World 
War 1 transmitter-receiver) and the first At-
water Kent commercial-broadcast receiver, 
notable for its pioneering ability to operate 

these procedures have played an increasingly 
important role. In another example, rain-test 

information may be obtained for rainfall 
rates that are considerably less than the long-
accepted 0.2 inch per minute (5 mm/min.) 
—which corresponds to so heavy a rainfall 
that some observers have dubbed it 1 Noah. 
The present document is based on stan-

dards accepted by the International Elec-
trotechnical Commission. Exemplifying revi-
sions made to ensure conformity with inter-
national practice, the standard reference 
temperature has been changed from 25°C to 
20°C. As a result, sphere-gap values (in 
measurements that apply a voltage to two 
spheres and determine the distance between 
them as a spark bridges the two) are now the 
same as those used by the IEC. 
The hardbound document costs $ 13 to 

nonmembers and 10 percent less to members. 
For more information, write to the IEEE Ser-
vice Center, 445 Hoes Lane, Piscataway, 
N. J. 08854. 

Slide talk features 
reprographics 

An 80-slide presentation covers 12 common 
drafting shortcuts, such as making revisions, 
adding repetitive elements, and restoring dog-
eared and hard-to-copy drawings—all 
through the use of photographic methods. 
The slide-talk show, entitled " Versatility in 
Reprographics," is given by Eastman Kodak 
technical sales representatives before 
reprographics personnel and managers, as 
well as clubs and association groups. 
Cost studies by Kodak shows that redraw-

ing an original costs about $75 a square foot 
on the average, whereas photographic 
methods can effect savings in drafting time of 
from 50 percent to almost 100 percent. The 
reprographics methods are not intended to 
replace the skilled draftsman, but rather to 
allow the master draftsman to utilize 

photographic methods to perform work 
faster with greater accuracy at less cost. 

Requests for a presentation should be sent 
to Henry Morgan, Jr., Marketing Coor-
dinator, Graphics Markets Division, 
Eastman Kodak Company, 343 State St., 
Rochester, N.Y. 14650. 

Magazine reports 
NBS advances 

Designed to inform audiences ranging from 
scientists to consumers of the latest advances 
in science and technology at the National 
Bureau of Standards is Dimension/NBS, a 
monthly magazine published by the U.S. 
Department of Commerce's physical science 
and measurement laboratory. 
A feature article in the April issue, for ex-

ample, discusses à lightweight, multilens 
"fly's eye" telescope, developed by James 

Faller to detect laser light from the moon. 
The NBS scientist was a member of a team of 
scientists that first used laser beams in 1969 to 
measure the distance from the earth to the 
moon via retroreflectors placed on the moon 
by Apollo II astronauts. 
The fly's-eye telescope, mounted in 

Hawaii, works in conjunction with a lunar 
ranging station in Texas. By having two 

observation posts, scientists hope to be able, 
among other objectives, to obtain the first 
"real time" measurements of continental 
drifts and to determine the position of the 
North Pole to within a few centimeters. 
Other articles in the issue discuss 

microwave measurement techniques for safe-
ty and other applications, how to watch a 
nuclear reaction up close, and a device for 
field-testing smoke detectors. 
The magazine is available by subscription 

for $ 12.50 annually (add $3.15 for mailing 
outside the U.S.). Orders should be placed 
with the Superintendent of Documents, U.S. 
Government Printing Office, Washington, 
D.C. 20402. 

from an alternating-current supply. Other 
vintage units include DeForest audion triodes 
and spark transmitters. The association 
reports that all models displayed are opera-
tional. 
To find out when and where the associa-

tion plans next to show its wares, or to invite 
the association to exhibit locally, write to this 
year's president, Douglas Furney, 11775 W. 
14th Ave., Denver, Colo. 80215. 

Ultrasonic ranging 
featured in camera 

Photography ranks at the top of most lists of 
engineers' favorite crafts and hobbies—and 

so Polaroid's latest camera, the SX-70, 
should attract a sizable following. Its most 
distinctive feature is the incorporation of an 

ultrasonic ranging device that automatically 
focuses the camera's lens. 
Although the new camera is basically the 

same as the conventional SX-70, its electronic 
circuitry has been modified to accommodate 
the ranging device. The camera determines 
focus distance by measuring the time it takes 
for sound to travel from the camera to an ob-
ject and back again. As an automatic system, 
one that can be converted by switch to a 
manual system, it is faster and more accurate 
than the conventional manual focus on pre-
sent SX-70 units. It focuses in fractions of a 
second in any light level. 

Polaroid plans to have the camera in the 
consumer marketplace by the end of the year, 
presumably in time to make the 1978 holiday 
gift lists. The company anticipates that the 
camera will sell for less than $400. 
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Announcing a new, completely revised edition 
of the world's standard authority 
on the language of electronics! 

Special Features 
• includes SI units 
with exact definitions 

and abbreviations 

• provides more than 
1100 illustrations 
clarifying meanings 

• presents numerous 

cross-references 

ELECTRONICS 
DICTIONARY, 4/e 
by John Markus 

An essential resource for every engineer working with electronics terms, this landmark 
work has now been completely updated. More than one-half of the 17,000 entries are 
revised or new meanings. Authenticity of definitions has been checked against current 
usage in all professional and commercial publications serving the field. Further verifica-
tions have been provided by engineers knowledgeable in the many specialties of elec-
tronics. 
The result is a brand-new dictionary useful to all engineers who need precise meanings, 
correct spellings, and currently accepted abbreviations for terms in their field when 
preparing memos, technical reports, papers, articles, and books. What's more, the dictio-
nary is an essential reference for technical readings because it presents thousands of 
terms that are considered too specialized for inclusion in general dictionaries. 

Plus a time- and trouble-saving Electronics Style Manual 
This special 32-page section of the book spotlights the most troublesome spellings, 
hyphenations, and abbreviations, as well as other writing problems encountered by 
electronics engineers. It can be used as an official style guide, as the final authority for 
settling controversies, and as a handy on-the-job reference on matters of style. 

Also of Timely Professional Interest 
DESIGN TECHNIQUES FOR 
ELECTRONICS ENGINEERS 
by Electronics Magazine, 370 pages 
Generously illustrated, this on-the-job resource 
from the popular Designer's Notebook section of 
Electronics Magazine can help you solve compli-
cated problems . . . find proven shortcuts . . . cut 
costs to the bone . . . and locate substitutes for 
expensive components. Some 293 outstanding 
electronics design ideas are presented for your 
instant access. $19.50 

POWER-TRANSISTOR 
AND TTL INTEGRATED-
CIRCUITS APPLICATIONS 
sponsored by Texas Instruments, 
Bryan Norris, editor, 248 pages 
This profusely illustrated how-to guide covers a 
broad selection of devices and techniques for in-
dustrial or home use. Component values are pro-
vided for all circuit illustrations. Wave-forms are 
extensively illustrated with charts, diagrams, and 
oscilloscope photos. Numerous, invaluable 
worked-out design examples are included to help 
you solve problems quickly and reliably. $ 19.50 

OPTOELECTRONICS 
APPLICATIONS MANUAL 
by Hewlett-Packard 
Optoelectronics Division, 279 pages 
Take full advantage of even the most complex 
optoelectronics components with this how-to-do-
it Manual. Fully analyzed design examples offer 
you a wealth of ready solutions to real-world de-
sign problems. Written by experts in the field, this 
immensely useful volume clears up the confusion 
surrounding CTR designation and presents one 
of the most comprehensive treatments of contrast 
enhancement available anywhere. $22.50 

At bookstores or direct 
from the publisher 

15 days' 
FREE examination 

NEW PRODUCT TRENDS 
IN ELECTRONICS 
Number One 
by Electronics Magazine, 384 pages 
Selected from the idea-filled New Products- sec-
tion of Electronics Magazine, here is an instantly 
accessible data bank of important new electronics 
equipment and devices. All product descriptions, 
applications, and operations are meticulously re-
corded and cross-referenced so that you can find 
the best possible solution last! $19.50 

PERSONAL COMPUTERS 
by Electronics Magazine, 200 pages 
Based on carefully selected articles from a 
number of magazines serving the personal com-
puter field, this timely resource provides a far-
reaching introduction to a fascinating new oppor-
tunity for computer usage. Fundamentals, ad-
vanced theory, available software, and equipment 
comparisons are all provided to get you started 
right. $14.95 

MEMORY DESIGN: 
Microcomputers to Mainframes 
by Electronics Magazine, 200 pages 
Compiled from the pages of Electronics Maga-
zine, this completely authoritative, in-depth re-
source guides you through the latest memory 
technology and its applications. Practical, up-to-
date information is provided on all the latest de-
vices and techniques, all intended to provide your 
designs with the greatest possible efficiency, effec-
tiveness, and economy. $18.50 

HOW TO BECOME A 
PROFESSIONAL ENGINEER, 3/ii 
by John D. Constance, 352 pages 
Thoroughly updated, this standard guide provides 
all the scope, orientation, and direction you need 
to become a registered professional engineer. A 
comprehensive breakdown is provided on the reg-
istration procedures for all states, with special 
material for foreign engineers seeking licensure in 
the United States. $17.50 

 15 DAYS' FREE EXAMINATION----

McGraw-Hill Book Company I 
1221 Avenue of the Americas New York, N.Y. 10020 

Send me the following book(s) for 15 days free examination. At the end of that time. I will either remit in 
full, plus local tax, postage and handling, or return the book(s) postpaid to McGraw-Hill without further 
obligation. 

ELECTRONICS DICTIONARY 4 e (040431-3) $24.50 
7 DESIGN TECHNIQUES FOR ELECTRONICS ENGINEERS (019158-1) $19.50 
IT POWER-TRANSISTOR AND TTL INTEGRATED-CIRCUITS APPLICATIONS (063754-7) 519 50 
IT NEW PRODUCT TRENDS IN ELECTRONICS Number One (019152-2) $19.50 
IT OPTOELECTRONICS APPLICATIONS MANUAL (028605-1) $22.50 
IT PERSONAL COMPUTERS (019151-4) $14.95 
IT MEMORY DESIGN ( 019154-91 518.50 
IT HOW TO BECOME A PROFESSIONAL ENGINEER 3 e ( 012449-3) $17.50 

Name   

Address   

City State Zip 

SAVE MONEY! Remit in full with this order, plus local tax. and McGraw-Hill pays all regular postage 
and handling charges. Full return privileges still apply. This offer subject to acceptance by McGraw-
Hill. Good only in U.S. 23-A337-4001-3 

Circle No. 220 

IEEE spectrum JUNE 1978 17 



Scanning the Institute 
New standards catalog 
available for the asking 

The 1978 edition of the IEEE Standards 
Catalog is now in print; copies are 
available free of charge. The new 
32-page catalog lists each of the more 
than 300 electrical and electronics stan-
dards publications under one or more of 
the 167 subject headings, in addition to 
a separate numerical listing. The many 
American National Standards published 
by IEEE are included. 
Standards developed within IEEE 

cover test methods, practices for elec-
trical installations, units, definitions, 
graphic symbols, and applications 
methods. Among the new and newly 
revised publications listed are the 1977 
edition of the National Electrical Safety 
Code, the IEEE Standard Dictionary of 
Electrical and Electronics Terms, IEEE 
Std 500-1977, the IEEE Nuclear Reliabili-
ty Data Manual, and the just-published 
National Electrical Safety Code Inter-
pretations, 1961-1977. 

Single copies of the 1978 IEEE Stan-
dards Catalog may be obtained upon re-
quest to the IEEE Standards Office, 345 
East 47 Street, New York, N.Y. 10017. 

EE educators favor 
professionalism programs 

Engineering deans and the heads of 
electrical engineering departments ap-
pear to favor the introduction of profes-
sional concepts to their students. At 
least this was the consensus of results 
of a recent survey by IEEE of U.S. and 
Canadian colleges and universities. 
However, as pointed out in analysis of 
the survey appearing in this month's The 
Institute, few engineering schools cur-
rently have programs in this area. 

Topics of most interest to those 
responding were ethics, responsibility to 
society, identification with the engineer-
ing profession, and the " engineering en-
vironment" (including political, social, 
economic, and educational influences). 
Generally, seminars were chosen as the 
preferred method of introducing 
students to these matters. Of those 
replying, 37 reported that they already 
have such material. 
The survey— which was prepared by 

the Career Development Committee 
under the sponsorship of the U.S. Ac-
tivities Board and the Educational Ac-
tivities Board—was sent to 271 institu-
tions and 171 of them replied. 

Reflector antennas 
is IEEE Press Topic 

The publication of Reflector Antennas. a 
Book of Selected Reprints edited by A. 
W. Love of Rockwell International. has 
been announced by the IEEE Press. 
The use of reflectors is as old as the 

radio art itself. In 1888. Hertz used such 
an antenna to demonstrate the ex-
istence of electromagnetic waves. Since 
then, the technology has made spec-
tacular progress, particularly during the 
past four decades as radar, microwaves. 
and radio astronomy have risen to pro-
minence. 

This book brings together the 65 most 
important and most referenced papers 
published in a variety of journals over a 
number of years. They are grouped 
under the following topics: focal region 
fields: radiation pattern analysis of 
reflectors: Cassegrain and dual- reflector 
systems: polarization effects: offset or 
unsymmetrical reflectors: lateral feed 
displacement. scanning, and multiple-
beam formation: phase errors and 

Coming in Spectrum 

tolerance theory: spherical reflectors. 
The volume should be a valuable compa-
nion to the 1978 IEEE Press Book. Elec-
tromagnetic Horn Antennas, also edited 
by A. W. Love. 
The 440-page book, sponsored by the 

IEEE Antennas and Propagation Socie-
ty. is $ 14.95 for the paperbound member 
edition. A clothbound edition is $22.45 
for IEEE members: $ 29.95 for 
nonmembers. It can be ordered postpaid 
from the IEEE Service Center. 445 Hoes 
Lane. Piscataway. N.J. 08854. Payment 
should accompany the order. 

Nominations due 
for ' 78 Eckman Award 

June 15 is the deadline for nominations 
for the 1978 Donald P. Eckman Award, 
which goes to outstanding young con-
tributors to the field of automatic con-
trol. 
The nominees must be less than 30 

years old as of July 1, 1978. Their con-
tributions may be in the form of 
technical or scientific publications, 
theses, patents, inventions, or combina-
tions of these, accomplished while the 
nominee was resident in the United 
States. 

Nominations should include complete 
resumes, reference letters, and suppor-
ting documentation (with a full endorse-
ment by at least one responsible super-
visor), and must be in English. Send 
them to William R. Perkins, Chairman, 
AACC Awards Committee, Coordinated 
Science Laboratory, University of Il-
linois. Urbana, III. 61801. 
The award, consisting of a certificate 

and cash, will be presented during the 
1978 Joint Automatic Control Con-
ference, to be held in Philadelphia. Pa., 
next October. 

Flat- panel displays. Efforts to make a 
flat- panel display to compete directly 
with the cathode-ray tube have fallen 
short of expectations because of six ma-
jor problems: matrix addressing, duty cy-
cle, luminous efficiency, uniformity, 
gray scale, and cost. An examination of 
these problems and their potential solu-
tions highlight this article. 
Speech recognition. The rapidly ex-

panding technology in speech recogni-
tion is dedicated to permitting com-
puters or special-purpose machines to 
identify accurately words, phrases, or 
sentences spoken by any of a set of 
talkers over communication links. This 
article introduces many of the basic con-
cepts involved in computer recognition 
of speech, discusses in detail some cur-
rently popular methods, and sum-
marizes the past, present, and future 

technology developments in the field. 
Power-system control in the year 2000. 

Major developments and changes in the 
nature of electric power systems will oc-
cur in the future as new types of central 
station generation. storage, transmis-
sion, and distribution facilities are in-
stalled. More customer-generation and 
energy-storage devices are in the offing 
and more sophisticated control systems 
will utilize a variety of sensors and com-
puters interconnected via extensive data 
networks. 

Single-side band transmission. Ex-
isting mobile radio bands could be used 
more effectively to accommodate more 
traffic in the same bandwidth, according 
to the authors of this article. From seven 
to ten times as many channels could be 
made available in the existing very- high-
and ultrahigh-frequency bands, ex-

perimental data indicate. The 
developmental technique combines 
single-sideband amplitude modulation 
with analog speech compression to 
reduce bandwidth. The article presents 
an analysis of experimental data and 
results to date. 

Energy conservation. Increased fuel 
costs, shortage of energy resources, 
and the availability of low-cost com-
puters have all combined to make in-
dustrial computer- based energy-
management systems an attractive 
alternative to less flexible schemes. This 
article outlines the algorithms, in-
strumentation, and human interaction 
necessary to create such a computer-
ized system. The cost-effectiveness of 
this approach is outlined for a pulp- and 
paper- producing plant, and the results 
are analyzed for other applications. 
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New responsibilities in your life 
require extra security for their 
future. 

So I bought extra security 
for them with Group Life 
Insurance. 

Sure my company provides 
me with a good life insurance 
policy, but with this Group Life 
Insurance I was able to buy 
a lot more protection for only 
a little extra cost! 

For our family, extra Group 
Life Insurance means extra 
security for the rest of their lives. 

To find out what 
supplemental Group Life 
Insurance can mean to your 
family, simply fill out and 
return the coupon. 

Administrator 
Group Insurance Program for IEEE Members 
1707 L Street, N.W.—Suite 700 
Washington, DC 20036 

Pleaw me' additional intormation on thei 
•i , Ini.itiranui Plan or mi,elt and tn\ tamil, 

Nainu  \gu 

c 

I am also interested in the: 
ri Disability Income Plan 

Excess Major 
Medical Plan 

El In-Hospital Plan 

Ei Major Hospital-
Nurse-Surgical Plan 

[I1 High- Limit Accidental 
Death and 
Dismemberment Plan 

MEMBERSHIP 
GROUP 

INSURANCE 
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Support, theirs. 

Most CRT controllers require 
a great many support devices. 

We've just introduced the least 
supported CRT controller ever— 
the National DP8350. Instead of 
the bagfull of support devices 
necessary with current MOS con-
trollers, ours lets you off the hook 
with just one. 

The reason is bipolar tech-
nology. It allows high frequency 
performance with high drive 
current outputs. So we can shift the 

functions of extraneous support 
chips onto the controller chip itself. 
Functions like dot counter/decode 
logic, crystal oscillator and high 
current Tri-State memory address 
bus drivers. The only support 
required is one crystal. 

Since there are fewer com-
ponents, you get benefits like lower 
systems cost. Less complexity. 
Greater reliability. And we made 
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Support, ours. 

National's new DP 8350 CRT 
controller needs only one. 

the DP 8350 mask programable. 
If you'd like to know more about 

the DP 8350, you're not alone. So we 
suggest you fill out the coupon today. 

National's new DP8350 CRT 
controller. 

More complete. 
Lower systems cost. 
Only one support device. 
And let the outmoded chips 

fall where they may. 

L._ 

M National Semiconductor 

National Semiconductor Corporation 
2900 Semiconductor Drive 
Santa Clara, CA 95051 

Gentlemen: I'd like to know more about non-support. Please 
rush me technical literature on your new DP 8350 CRT 
controller. 

Name Title  

Company  

Address  

City   State Zip  

Telephone  
 _J 
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Three ways 
digital storage makes 
our 820 a super scope. 

Right cursor 

Trigger point 

Left cursor 

Delta Volts 
between cursors 

Delta time 
between cursors 

Horiz. 
expansion factor 

Right cursor 

Left cursor 

1 Capture one-time analog events. 
There's no better way to record one-time events than 
our 820 Digital Storage Oscilloscope. It captures analog 
signals, converts them to digital data, then stores that 
data in semiconductor memory. 
Digital storage techniques enable us to give you 
"pre-trigger" recording, a Biomation exclusive. You can 
actually begin recording a random signal before you 
know it's going to occur, and apportion the 820's 
memory to record data both before and after the trigger. 
And set the trigger level to prevent false triggers. 

2 Expand the display for detail 
analysis. 

When you need to analyze the event in detail, you can 
expand the display 2, 5, 10, 20 or 50x. Movable cursors 
let you pinpoint the portion of the waveform you want to 
study. And on-screen digital readout of time and voltage 
is automatic. 

Perform computer data analysis. 
Digital storage gives you maximum analysis flexibility. 
You can transfer the data, already digitized, to mag tape, 
disc or other permanent storage. Or you can read the 
data out directly to a programmable calculator or 
computer system. 

The 820 is the latest product in our six-year history of using digital storage techniques to help you 
capture and analyze analog signals. Other Biomation products enable you to convert your scope to 
a "super scope" by adding digital storage. For more information, or to arrange a demonstration in 
your lab, call Don Dedinas, (408) 988-6800. Or write 
us: 4600 Old Ironsides Drive, Santa Clara, CA 95050. G 0 U LD > biorrbotion al 

Circle No. 201 
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spectral lines 

So you're an engineer. But what do you do? 
Isn't it fascinating how over the years certain titles have pro-
ven to be so prestigious that they are often appropriated 

without the approval of officialdom, and, at times, 

downright misappropriated? 
The other day I took my car to the Transmission Doctor. I 

really don't believe he's a doctor—M.D. or otherwise—but 
he fixed my transmission. My daughter recently consulted 
the local Plant Doctor to get a prognosis on her ailing 
African violet. He gave it a couple of tablets and it perked 
right up. Yet, when pressed, the "doctor" admitted he 
doesn't even have an associate degree in plant pathology, or, 
for that matter, in anything else. On the other hand, not 
many physicians of my acquaintance seem genuinely dis-
turbed by the proliferation of those "doctors" of transmis-
sions and greenery who flaunt their fictitious titles. 
Why is it then that the mere mention of a "domestic 

engineer" (housespouse) or " sanitary engineer" prompts 
some in our profession to assume an apoplectic complexion? 

Could it be they perceive enough similiarity between those 

jobs and their own that they fear the layman might not make 
the distinction? Most engineers, like most medical doctors, 
would chuckle at such imitators as harmless flatterers. On 

the other hand, the systematic misuse of the title " engineer" 
could result in serious problems. We shall touch upon these 

later. 
There are those who express doubt about the possibility 

and desirability of legally reserving the title " engineer," even 
though about half of the licensing jurisdictions in the U.S. 
now attempt to prohibit its use by unregistered persons. 

There is little doubt' that abuses abound in the use of 
"engineer," including use with various adjectives that may 
merely provide a means to circumvent existing state laws. 

It has been noted that 15 definitions of the noun 
"engineer," under five separate categories, are listed in 
Webster's Third New International Dictionary (unabridged), 
but that only one of the 15 relates to the definition that cer-
tain state laws seek to protect. This leads to a logical ques-
tion: "Can one legally and practically protect a word in such 

common and historic use?" 
If the title "engineer" is not to be, in fact, reserved by law, 

then it appears to be incumbent upon IEEE and other profes-
sional engineering societies to help distinguish between 

engineers who are licensed and those who are not. Indeed, 
some who have studied the problem endorse the legal protec-

tion of the title " professional engineer," and deem such en-
dorsement appropriate to the protection of the public. Fur-
thermore, a 1977 report by the National Council of Engineer-
ing Examiners indicates that all 55 licensing jurisdictions that 
responded to a survey do prohibit the use of the title " profes-
sional engineer" by an unregistered person. 

Beyond clearly identifying those engineers who hold a 
license, there is good reason to identify subsets of the 
engineering profession. If this is not done, pollsters may 
generate statistics on vital matters, such as salaries and 
employment, that are misleading or useless in the aggregate. 
IEEE's own surveys underscore significant variations in 
salary distributions between areas of specialization in elec-

trical engineering. 
Even the U.S. Government has contributed to the confu-

sion in titles by issuing obsolete, casually organized, or other-

wise inappropriate definitions of engineering jobs. Recently, 
IEEE provided input useful in producing two Government 
documents involving engineering job titles: the Dictionary of 

Occupational Titles, fourth edition, published by the U.S. 
Department of Labor, and the Standard Occupational 

Classification Manual of the U.S. Office of Management 
and Budget. (The documents, although an improvement over 
previous versions, still contain inconsistencies across 
disciplines; i.e., mechanical, electrical, chemical, etc.) 
We've emphasized here the functional aspects of engineer-

ing titles, but the psychological aspects cannot be over-
looked. Most engineers hope the designation "engineer" will 
not become tarnished through widespread misappropriation. 
If it is, practitioners of the future may feel compelled to in-
vent new terms. Thus our profession may develop its own 
equivalent to the medical profession's internist, surgeon, and 
pathologist. Such new titles may be more descriptive, less 
ambiguous, and even more glamorous. Until then, we cannot 

respond to the perennial cocktail party question, "What do 
you do?" with a simple answer. " I'm an engineer" will not 
do. We'll still have to say, " I'm a computer designer for 
IBM," or "I develop equipment to test satellite communica-

tions systems for NASA." 

A call to ' friends of Edison' 
On October 21, 1979, the centennial of the electric light will 
be celebrated. Already a variety of projects are under way to 
commemorate the event. For example, a project to organize 
and preserve the papers of Thomas A. Edison will be under-
taken under the joint sponsorship of the Smithsonian Institu-
tion, the New Jersey Historical Foundation, and the Na-

tional Park Service. We at Spectrum are interested in hearing 
from engineers who have personal recollections of Edison. 
Did you meet him, work with him, or attend one of his lec-

tures? If so, we'd like to hear the details. 

Donald Christiansen 
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APPLICATIONS 

Consumer 

AM stereo: 
five competing options 

A classic tradeoff among desirable objectives is taking shape 
as the FCC attempts to select the " best" AM stereo system 

The name of the game in consumer audio is stereo. 
Phonograph record manufacturers dropped monaural 
products from their catalogs years ago, and music lovers 
of all persuasions now find the FM band predominantly 
filled with stereo broadcasts. However, AM radio listeners 

are still stuck with obsolete monaural sound—not because 
of lagging technology, but because AM broadcasters 
showed little initial interest in stereo. The Federal Com-
munications Commission (FCC) tabled AM stereo pro-
posals in the early 1960s to encourage the growth of FM 
stereo. But the situation is changing dramatically. The AM 
broadcasters now proclaim they need a stereo option to 
stay competitive with FM, and broadcast-equipment 
manufacturers are anxious to oblige. Five competing AM 
stereo systems are now before the Commission; one of 
them is likely to be proposed for commercial use later this 
year. Here's a look at all five candidates...and a 
challenge: Can you predict which system will be chosen, 
and why? Spectrum will make a summary of your com-
ments public once the FCC has reached its own conclu-
sions on the matter (see box, p. 31). 

20 years of waiting 

Serious efforts to bring stereo reception to the vast AM 
listening audience can be traced back to the late 1950s and 
early 1960s when RCA, Philco, Westinghouse, and Kahn 
Communications independently petitioned the FCC on 

behalf of their respective AM stereo systems. However, in 
January 1962, the Commission decided against all these 
proposals, encouraging instead the growth of FM stereo 
broadcasting. Today, FM stereo broadcasters are winning 
top ratings in several large metropolitan markets, even 
against AM competition. This is all the more remarkable 
considering the poor penetration of FM signals into fringe 

areas (compared with Am), and the multipath/fading 
problems encountered by many FM listeners, particularly 
those in automobiles. 

The National AM Stereophonic Radio Committee 
(NAMSRC) was formed on September 24, 1975, " for the 
purpose of studying AM stereophonic broadcast systems in 
response to a growing interest by industry, broadcasters, 
and the FCC." The Committee was sponsored jointly by 
the Electronic Industries Association (EIA), the National 

Association of Broadcasters (NAB), the National Radio 
Broadcasters Association (NRBA), and the Broadcast, 
Cable, and Consumer Electronics Society of IEEE. 
On December 19, 1977, the NAMSRC's efforts 

culminated in a final report that was published by the EIA 
and submitted to the FCC. The report contains 

Don Mennie Associate Editor 

theoretical analyses and field-test results on AM stereo 
systems submitted by three different proponents: Belar, 

Magnavox, and Motorola. Two other AM stereo pro-
ponents have submitted proposals directly to the Commis-
sion, independent of the NAMSRC—Harris and Kahn 
Communications. 

Prompted by the increasing activity of system pro-
ponents, the FCC issued a Notice of Inquiry on June 22, 
1977, seeking industry-wide opinion about AM stereo (the 
official period for submitting such comment closed 
March 8, 1978). , The Commission is now evaluating all 

submitted documents, and tentatively promises to issue a 
Notice of Proposed Rulemaking by midsummer. 

It should be remembered that a Notice of Proposed 
Rulemaking will simply open the door for more com-

ments before a final decision is made. And ft's possible 
that none of the five AM stereo systems thus far proposed 
will get the official nod. 

Apples and oranges? 

Reading through the documents submitted to the FCC 
on behalf of all five AM stereo systems is mind-boggling 
adventure. Each proponent makes skillful use of modula-
tion theory and field-test results to demonstrate the 
superiority of his system over all the others. Unfortunate-

ly, no single body of test data has been run concurrently 
on all five systems by a disinterested (but technically 
qualified) third party—which could obligate the FCC to 
perform its own series of tests (something it prefers to 
avoid for now) to help resolve conflicting claims. 
At this point, we hasten to mention that no evidence of 

dishonest or otherwise questionable activity has been un-
covered or even suggested to us. Instead, there is simply 
no broad recognition of those performance characteristics 
that are absolutely vital to AM stereo's implementation 
and success. Each proponent has his favorites, such as 
monaural compatibility, good stereo separation, better 
fidelity (than mono Am), or even low cost. They all might 
be surprised to learn that AM broadcasters are unlikely to 
embrace any stereo encoding system that weakens their 
fringe-area signal, regardless of other redeeming qualities. 
But reduced coverage, even for monaural listeners, is a 
definite possibility, according to AM stereo proponents 
who wish to hold negative-going amplitude-modulation 

peaks below 100 percent (carrier disappearance can mean 
momentary loss of the encoded stereo information chan-
nel, producing audible noise bursts). If much rms side-
band power is sacrificed to avoid this situation, station 
coverage could suffer noticeably. 

System advocates should also heed what automobile-
radio manufacturers are saying. They want an indicator 

light that automatically indentifies AM stereo broadcasts 
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in less than 100 ms. Without this feature, auto makers 
lose interest because all their potential customers for AM 
stereo expect visual feedback, based on years of ex-

perience with FM stereo. The "feel" of the tuning control 
is also considered most important. A "tight" automatic 
gain control (Acc) would make Am stereo sets tune like FM 
stereo (stations are abruptly captured or lost during dial 
cruising with little interim transition). Integrated-circuit 
designers at National Semiconductor say that maintaining 
a "soft" AGc could create a problem because the stereo 
image will shift as the operator tunes through each sta-
tion. Relatively simple "matrix tracking" circuits have 

been proposed to correct this situation. 
It is these kinds of issues, plus the more widely debated 

importance of adjacent channel interference, stereo 
reception that requires large signal-to-noise ratio 
penalties, or audio distortion traceable to sky-
wave/ground-wave and multiple sky-wave reception, that 
will decide the commercial future of AM stereo. What 
follows is a brief description of the five systems thus far 

Audio 
matrix 

L 

 O (L + R) audio signal 
to transmitter's 

 o AM input 
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10-kHz 
whistle 
filter 
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Left channel 
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PI Combined amplitude modulation and frequency 
modulation comprise Belar's encoding (A) and decoding 
(B) technique for AM stereo. A laboratory AM/FM source 
capable of simulating the RF output of either the Beier or 
the Magnavox system has been developed by Boonton 
Electronics Corp., Parsippany, N.J. (model 103A/B-S3). 

proposed, and a summary of claimed advantages and 

possible weaknesses as reported to the FCC. 
Actually, all five proposed AM stereo systems (Belar, 

Kahn/Hazeltine, Harris, Magnavox, Motorola) are 
somewhat similar because each uses conventional 
amplitude modulation to transmit audio components that 
are more or less compatible with monaural reception (left 
+ right), and some form of angular modulation (frequen-
cy, phase, or modified quadrature) to transmit the stereo 
information (left — right). But the Kahn/Hazeltine 
system has asymmetric AM sidebands (lower sideband 
contains the left channel, upper sideband contains the 

right channel). When a monaural radio is center-tuned to 
a Kahn-modulated stereo signal, its envelope detector 
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IF 
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algebraically adds the left and right sidebands together, 
giving compatible (L R) monaural reception. 

Belar's AM/FM modulation system 

A good understanding of how each proposed AM stereo 
system operates can be obtained by tracing the audio 

signals as they are encoded, impressed on the carrier, 
transmitted, received, decoded, and then amplified for 
stereo listening. With the AM/FM modulation system pro-
posed by Belar Electronics Laboratory, Devon, Pa., the 
left and right audio signals are first applied to an audio 
matrix ( Fig. IA). The audio matrix performs the linear 
addition and subtraction of L and R, resulting in the for-
mation of (L + R) and (L — R) signals. The (L — R) 
component is preemphasized with a 100-ms time constant, 
and is routed through a variable-delay line to the FM 

modulator input, where it frequency-modulates the radio-
frequency (RF) drive to the transmitter. The (L + R) 
signal then amplitude modulates the carrier in the normal 
fashion. The (L — R) modulation constant proposed for 
this system employs a peak low-frequency deviation of ± 
1.25 kHz. 
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A variable-delay line delays the (L — R) signal in selec-
table 2- ¡Is increments, up to a maximum of 40 it s. Delay-
ing the (L — R) component in this fashion compensates 
for the delays imposed on the (L + R) component as it 
passes through the transmitter modulator, and improves 
broadband stereo separation at the receiver. The (L + R) 
component is level-adjusted and is passed through a 

negative peak-limiter circuit before being applied to the 
600-ohm balanced input of the AM transmitter. The peak 
limiter is capable of holding negative modulation peaks to 
any preset value between 90 and 100 percent. For the 

NAMSRC tests, this circuit was adjusted on program 
material to limit negative modulation peaks to 95 percent. 
Positive peaks were allowed to modulate the transmitter 
well above 100 percent as insurance against a potential 
loss in "loudness" for monophonic reception. 

Belar's prototype AM stereo receiver is actually a 
developmental Am/Fm preselector designed for use with 
broadcast modulation monitors but its design is indicative 

[2] Modified quadrature modulation (dubbed compatible 
phase multiplex) has been adopted by Harris for encoding 
(A) and decoding ( B) AM stereo. 
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of the impact that present-day technology might have on 

future consumer products ( Fig. 1B). The RF and 
intermediate-frequency (IF) stages are typical of conven-
tional AM receiver designs. However, the output of the IF 
amplifier is split into two separate detection paths. One 
path is applied to a conventional envelope detector where 

the AM information [corresponding to (L + R)] is ex-
tracted. 
The other path is applied to a limiting amplifier (which 

strips off the AM modulation), leaving an FM square wave 
to be demodulated in a frequency discriminator. The 
resulting audio signal is deemphasized to restore its 
original amplitude response and to enhance the signal-to-
noise ratio of the (L — R) channel. 

Next, the detected (L + R) and (L — R) components 
are applied to a simple audio matrix, which performs the 
linear addition and subtraction required to recover the left 
and right audio information. If necessary, L and R can 

[3] Independent sideband Am stereo from Kahn/Hazeltine 
has been field tested at WFBR and XETRA. Encoding (A) 
and decoding (B) require special phase-shift circuits. The 
stereo indicator lamp, while not a part of Kahn's June 16, 
1976, petition to the FCC, was briefly mentioned in reply 
comments to the Commission dated March 6, 1978. 
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also be ted through a ID-kHz whistle titter that removes 
any adjacent channel interference. 

The Harris CPM system 

Another AM stereo approach, called the compatible 
phase-multiplex (cPm) system, has been submitted to the 
FCC by the Harris Corporation, Quincy, Ill. This design 
was not completed in time for inclusion in the NAMSRC 
testing program, so Harris engaged consulting engineers 
from Carl Jones Associates, Falls Church, Va., to run 
field trials on ('PM. The Harris petition contains a sum-
mary of all test procedures used and the data subsequently 
obtained. Harris estimates that 90 percent of the 
monaural AM transmitters now in operation could be 
quickly and inexpensively modified for CPM stereo (new 
exciters would cost $3000-$5000 each). Updating 
monaural studio equipment to complement this 
changeover would run an additional $20 000 per station. 
Other proponents claim similar cost figures for refitting a 
monaural station. 
The CPM system works by the amplitude modulation of 

two carrier signals separated in phase by 30 degrees. The 
left-channel signal amplitude-modulates a carrier lagging 
the transmitted resultant by 15 degrees, and the right 
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channel modulates a carrier leading by 15 degrees. These 
two signals are linearly combined (added) to form 
coherent (L + R) sidebands that are identical to those of 
a conventional monaural signal, and (L — R) quadrature 
sidebands that are reduced in amplitude with respect to 
the (L + R) sidebands due to the use of the 30-degree 
angle. Thus, the CPM system is a "modified quadrature" 
system, using a technique similar to that employed by col-
or television for transmitting two chroma signals on one 
subcarrier. 

Existing transmitting equipment may be used for CPM. 
For example, a crystal oscillator can supply the initial un-
modulated carrier, which is then phase-shifted plus and 
minus 15 degrees (Fig. 2A). These phase-shifted RF signals 
are next multiplied by the left and right channel audio 
signals in balanced mixers. The mixer outputs are then 
summed with the unmodulated carrier to yield the CPM 
signal. 

This CPM signal, V(t), must be separated into its 
envelope components, Ve(t) and phase-modulated carrier 
components, Ve(t), before it can be transmitted by a con-
ventional AM transmitter. A hard clipper recovers the 
phase modulation and an envelope detector recovers the 
amplitude modulation. Vc(t) and Ve(t) are applied, 
respectively, to the RF input and audio input of the 
transmitter, which then delivers an amplified CPM signal 
to the antenna. 
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Reception of CPM signals can be accomplished in a varie-
ty of ways. For example, a conventional superheterodyne 
receiver can be used up to the point of IF detection (Fig. 
2B). A phase-locked loop (PiL) regenerates unmodulated 
IF from the incoming IF signal. The PLI consists of a 
balanced mixer M2 (which serves as a phase detector), a 
5-Hz low-pass filter, and a voltage-controlled oscillator 
(vco). The incoming modulated IF signal serves as the 
reference for the phase detector, and the regenerated, un-
modulated IF appears at the output of the vco. 

The regenerated, unmodulated IF from the vco is 90 
degrees out of phase with the incoming modulated IF, and 
thus M2 directly demodulates the quadrature (L — R) in-
formation of the CPM signal. A 90-degree phase shift pro-
duces unmodulated IF that is in phase with the modulated 
IF. This signal is combined with the modulated IF signal in 
balanced mixer M, to demodulate the in-phase (L + R) 
information of the CPM signal. Attenuation (tan 15 
degrees = 0.268) is inserted in the (L + R) channel to 
make the (L + R) channel gain equal to the (L — R) 
channel gain. Then, the (L + R) and (L — R) signals can 
be matrixed into the original left- and right-channel audio 
signals. Stereo separation at audio midband is said to be 
30 dB typical, and 15 dB minimum across the audio 

141 Amplitude modulation and phase modulation have 
been combined by Magnavox to encode (A) and decode ( B) 
Am stereo. Receiver tests employed a 6-k Hz/12-kHz IF. 
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bands. Distortion should be similar to that found in pre-
sent AM monaural transmissions. 

For alerting the listener to stereo broadcasts, Harris 
suggests transmitting a 20- to 25-Hz sine wave at 9-percent 
modulation on the (L — R) channel only. This pilot tone 
requires no reduction of modulation and causes a neglible 

increase in envelope detector distortion. The tone will not 
be heard in mono receivers because it is on the (L — R) 
channel, and the virtual image will cancel between left and 
right speakers in the stereo listening environment. 

The Kahn/Hazeltine ISB system 

Actively looking toward the adoption of AM stereo 
standards since 1958, Kahn Communications, Freeport, 
N.Y., has shown remarkable tenacity despite almost 20 

[5] Compatible quadrature amplitude modulation (c.ouAm) 
has been developed by Motorola to encode (A) and 
decode ( B) an Am stereo signal that is also acceptable to 
envelope detectors. 

Left channel 
O  

Right channel 
o  

Crystal 
oscillator 
4 x 

A 

IF input 
o  

(L + R) 
audio 
matrix 

Balanced 
modulator 
(dc offset) 

Johnson 
counter 
F, ÷ 4 

90° o 

years of FCC inaction and postponements. During the 
early 1970s, Kahn helped sponsor field testing -of its in-
dependent sideband (ISB) AM stereo system at station 
WFBR in Baltimore, Md., and XETRA in Tijuana, Mex-
ico, and has used the resulting data to support its current 
FCC petition. In September 1977, the Hazeltine Corpora-
tion joined with Kahn in support of the ISB system. 
Kahn, though invited to participate in last year's 

NAMSRC testing program, did not do so. President 
Leonard Kahn explains that his small company could not 
afford to engage in yet another round of tests after in-
vesting in the WFBR and XETRA experiments. (The 
NAMSRC did not exist at the time Kahn ran these in-
dependent studies.) Mr. Kahn says unsupervised (by 
Kahn) technicians at WFBR and XETRA tested ISB 

system performance. Moderate RF levels, typical of nor-
mal reception, were used during the receiver tests. 
The audio path through Kahn's proposed AM stereo ex-
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citer begins where the left and right audio channels are 
summed and fed through a constant-phase-difference (-45 
degrees), constant-amplitude network to produce the 
(L + R) signal (Fig. 3A). This signal drives the audio in-
put of a conventional AM transmitter. Thus, the envelope 
modulation produced is a linear sum of the L and R 
signals, a necessary condition for monophonic com-
patibility. 

Simultaneously with the creation of (L + R), the L and 
R signals are also subtracted and fed through another 
constant-phase-difference (+ 45 degrees), constant-
amplitude network to produce the (L + R) stereo signal. 
At this point, the (L + R) and (L - R) audio components 
are 90 degrees out of phase with each other. 
The (L - R) stereo component feeds a summation cir-

cuit and a level squaring circuit. A variable-time-delay 
network on the output of the summation circuit allows 
adjustment of time delay in the (L - R) path so that it 
equals the time delay in the (L + R) path. 

Outputs from the time-delay circuit and the standard 
AM transmitter's crystal oscillator are delivered to a phase-
modulator/frequency-multiplier chain, which eventually 
provides a phase-modulated carrier wave (at the correct 
frequency) to the standard AM transmitter's RF input. The 
Kahn exciter delivers about 2 watts of RF drive to the 
transmitter. 
The frequency-translation circuit, as provided in the 

Kahn exciter, allows the standard AM transmitter's crystal 
oscillator to determine the center frequency of the ex-
citer's phase-modulation output. This insures that the 
transmitter's original high- frequency stability 
characteristics will be maintained. 

The system thus far described, while producing a credi-
ble AM stereo, has somewhat limited stereo separation. By 
adding a second-order phase-modulation component, this 
separation has been improved to about 30 dB. Implemen-
tation involves taking the L and R audio components and 
individually phase-shifting them, relative to the (L - R) 
component, by -45 degrees. These two phase-shifted 
audio signals are passed through constant-gain frequency 
doublers, into a difference circuit, and are finally 
delivered to a level squaring circuit. Control for the level 
squaring circuit is provided by the (L - R) signal. This ar-
rangement is said to give excellent stereo separation while 
sidebands remain within a well-confined spectrum. 

Specially designed AM receivers are not required to 
demonstrate stereo reception from 1SB transmissions. Two 
ordinary AM table radios placed about two meters apart 
will suffice. While both radios are tuned to the same ISB 
broadcast, the left-hand dial is set slightly below the point 
of loudest reception, and the right-hand dial is set above 
the point of loudest reception. Adjusted in this manner, 
the two radios will directly demodulate the lower and up-
per AM sidebands, respectively, thus producing the left 

and right audio channels. 
Kahn has also developed a single IF AM stereo receiver 

for picking up ISB transmissions that was used during the 
stereo AM tests at WFBR (Fig. 3B). This decoder is said to 

provide excellent stereo separation, to be insensitive to 
microphonic oscillation problems, to deliver low-
distortion audio signals, and can incorporate a stereo in-
dicator lamp. 

The Magnavox AM/PM system 

The system for AM stereo broadcasting proposed by the 
Magnavox Company, Fort Wayne, Ind., employs a corn-

bination of amplitude modulation and true linear phase 
modulation. Stereophonic program material is matrixed 
into (L + R) and (L - R) signals prior to transmission. 
The (L + R) signal amplitude-modulates the carrier, and 
the (L - R) signal phase-modulates the carrier. 
Magnavox also proposes including a 5-Hz FM signal on 
the carrier to allow for the automatic identification of 
stereo broadcasts. 
A three-step process, capable of producing any fre-

quency in the broadcast band, generates the Magnavox 
AM/PM signal (Fig. 4A). First, a 3.69-MHz oscillator is 
frequency-modulated with a 5-Hz stereo identification 
tone (4-radian phase deviation). Next, a phase modulator 
adds the (L - R) audio component as phase deviàtion to 
the output of a tunable (4-6-MHz) frequency synthesizer 
[peak deviation contributed by (L - R) is held to one ra-
dian]. The two modulated signals are heterodyned (down-
converted) to the desired broadcast band frequency, ap-
plied to a standard AM transmitter's RF input, and 
amplified to full carrier power. 

This amplified carrier is also amplitude-modulated by 
the (L + R) audio component using the modulation cir-
cuitry already present in the standard AM transmitter. A 
delay network equalizes the time delays encountered by 
the (L - R) and (L + R) signals prior to transmission. 

Reception of the Magnavox AM/PM signal is im-
plemented in a manner similar to that outlined for the 
other AM stereo systems thus far discussed (Fig. 4B). 
Amplitude (L + R) and phase (L - R) variations are 
detected separately and then matrixed to obtain the left 
and right audio signals. Detection of the 5-Hz frequency 
modulation operates an indicator light that identifies 
stereo broadcasts. Magnavox has also suggested sending 
digital data (station ID, weather, etc.) by modulating the 
5-Hz tone. 

The Motorola C-QUAM System 

One of the best-known methods of transmitting two 
signals on one carrier is separately to modulate two car-
riers of the same frequency, chosen to be in phase 
quadrature with each other (a 90-degree phase shift exists 
between the two carrier signals). This is how two separate 
color signals are separately transmitted on a single subcar-
rier for color television. The technique's advantages lie in 

the areas of noise performance and matrixing. Two 
separate transmitters are not required for practical im-
plementation. Modification of a single transmitter can 
provide a quadrature signal identical to one supplied by 
combining the outputs of two transmitters. 

The main problem with ordinary quadrature amplitude 
modulation (QUAM) when used in the broadcast band to 
transmit stereo is mono capability. When significant 
amounts of stereo information are present, the audio 
signal recovered by a monaural radio's envelope detector 
is not a linear sum of the left and right channels, but in-
stead contains upward of 14-percent intermodulation 
distortion. 

Motorola has addressed this situation by developing an 
AM stereo exciter that provides compatible QUAM or 
QUAM." The mathematical explanation is that modulating 
the in-phase and quadrature components of QUAM by the 
cosine of the modulation angle (while retaining the full 
90-degree phase shift between carriers) will produce a 
compatible envelope modulation. (Recall that Harris 
decided that this problem was best handled by reducing 
the phase shift between carriers from 90 to 30 degrees for 
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Has AM stereo "arrived"? 

Just because implementing an idea is technically 
feasible, there is no guarantee the marketplace will 
welcome the resulting product. Quadraphonics 
comes quickly to mind as a capability (still) in 
search of a customer. In this perspective, does AM 
stereo make sense for consumer electronics? Do 
any of the systems described here impress your 
engineering "horse sense" favorably? 
Spectrum would like your opinion and we have 

reserved a block of five numbers on this issue's 
Reader Service Card so you can quickly record a 
preference (Belar 195, Harris 196, Kahn/Hazeltine 
197, Magnavox 198, Motorola 199). Written com-
ments on AM stereo are also welcome. Simply drop 
us a note or use the space provided at the bottom of 
the Reader Service Card. 

After the FCC concludes its deliberations on Am 
stereo, Spectrum will summarize the Commission's 
findings and, at the same time, reveal your inputs 
on the subject. Let's see if Spectrum readers and 
the FCC can independently come to the same con-
clusion! 

its "modified quadrature" CPM system.) 
Implementation of a C-QUAM encoder/exciter was 

designed to be as versatile as possible during the 
NAMSRC tests (Fig. 5A). Variable-delay lines were used 
to equalize any group-delay differences found between 
the audio-modulation system and RF system in the various 
AM transmitters used for experimental stereo broadcasts. 
Audio matrixing of the left and right stereo channels 

provides Motorola's exciter with (L + R) and (L — R) 
audio. The (L + R) signal follows two paths. One path 
simply amplifies and delivers (L + R) to the transmitter's 
AM modulator, while the other route (through a balanced 
modulator) impresses a crystal-controlled carrier, Fc, with 
(L + R) amplitude modulation. Meanwhile, the (L — R) 

audio is run through a different balanced modulator, 
which generates pure quadrature modulation. 

Next, the (L + R) amplitude-modulated carrier and the 
quadrature-modulated carrier are added and filtered to 
become an ordinary QUAM RF signal. This is the signal 
that, if amplified and broadcast, would give unacceptable 
distortion when picked up on monaural radios with or-
dinary envelope detectors. 

Finally, the QUAM signal is heavily limited (all incom-
patible AM sidebands removed), amplified, filtered, and 
delivered as a phase-modulated carrier to the transmitter's 
RF input. It is the standard AM transmitter, amplitude-

modulating this phase-modulated carrier with (L + R), 
that actually generates the C-QUAM signal. [Note that prior 

to being amplitude-modulated in the transmitter, the car-
rier has both (L — R) and (L + R) phase-modulation 

components.] 
A standard AM radio circuit can be used to receive C-

QUAM up to the point of IF detection. Demodulating the 

stereo information involves breaking the composite IF 

signal into the desired (L) and (R) audio components (Fig. 
5B). The envelope information (L + R) is obtained from 
a gated detector. Two synchronous detectors are used to 
demodulate the phase-modulated information quadrature 

component and the cosine of the phase angle. These out-
puts are fed to an analog divider, which yields the dif-
ference signal (L — R). The envelope detector output (L 

+ R) and the divider output (L — R) are applied to the 
audio matrix that provides the desired stereo outputs. A 
fourth demodulator controls the operation of the phase-
locked loop and the squelch circuitry. 

Some names and claims 

Hardware implementations aside, the major difference 
between each of these proposed AM stereo systems is the 

mathematical function individual proponents use to 
modulate the carrier. In effect, proponents have designed 
systems that boost what they consider to be the "most im-
portant" parameter or parameters. Briefly, here is where 
the five proponents now appear to stand, based on their 

FCC petitions, telephone interviews with both advocates 
and critics, and related documents: 
• Belar—The emphasis is on implementation. AM stereo 

must be economic for the consumer, easy to produce for 
the manufacturer. The Belar petition lacks consideration 
of a stereo pilot tone, but Belar now claims to have 
developed a method for directly identifying AM stereo 
broadcasts that would not require a pilot tone. Possibility 
of noise problems during 100 percent negative peak 

modulation conditions. 
• Harris—Main concern here is for compatible 
monophonic transmission quality. Broadcasting a stereo 
sideband spectrum with no increase in occupied band-
width is given maximum consideration. Reduced 
amplitude (L — R) sidebands invite noise problems in 

stereo. 
• Kahn/Hazeltine—Unique feature of independent up-
per and lower sidebands. Claimed to be the system least 

delicate to transmission anomalies through the ionosphere 
(best sky-wave reception), and able to withstand full 
negative peak modulation. Could be a more costly system 

to implement because special phase-shift circuits are need-
ed in the single-IF receiver design. 
• Magnavox—Again, emphasis is on implementation 
(like Belar), but their petition includes full information on 
the generation and detection of a stereo pilot tone. 
Possibility of noise problems during 100 percent negative 
peak modulation conditions. 
• Motorola—The noise reduction advantages of 
quadrature modulation are retained, while removing the 
disadvantage of high distortion in mono receivers with 
envelope detectors. This approach puts the burden for 
stereo quality on the receiver rather than the transmitter. 

Naturally, it will be for the FCC to decide what is ac-
ceptable AM stereo performance. Most likely they will 
pick a "winner" from among the present crop of peti-
tions. The often conflicting, and sometimes confusing, 
diagrams, analysis, and data presented in support of each 
system pose a major headache for any impartial 

evaluator. 
The uncertainties surrounding AM stereo have par-

ticularly affected those semiconductor houses that serve 
the auto radio industry. The radio makers want AM stereo 
IC decoders available at practically the same moment that 
an FCC decision is announced, and so parallel bread 

boarding efforts on all five systems have been undertaken 
with the knowledge that four such designs must eventually 
be scrapped. In an attempt to reduce fruitless duplication 
of effort, Signetics and Sprague have divided up the 
decoder design task, with the understanding that one 

"partner" will end up second-sourcing the other, depen-
ding on which AM stereo system the FCC eventually 

endorses. • 
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APPLICATIONS 

Instrumentation 

New philosophies for 
portable digital instruments 

Signature analysis and circuit emulation are exploited 
in new test equipment to reduce runaway service costs 

Paced by a maturing integrated-circuits technology, the 
costs of data-processing products have been declining 
steadily, which should be a bright note in the lives of com-
puter and terminal-equipment manufacturers. But there is 
another, darker side to the coin—the rising cost of service 

and maintenance as the equipment increases in complexity 
and sophistication. And the problem is compounded by a 
lack of skilled service personnel, and by a spreading 
nontechnical data-processing customer base (banks, 
brokerage houses, retail outlets) that demands minimum 
equipment downtimes. 
Now, the answer may be at hand in the form of a new 

generation of field-service instruments to replace, or at 
least supplement, the traditional board-swapping ap-
proach. These instruments are designed to provide service 
personnel with the capability for making rapid 
equipment-fault diagnosis and repairs, with minimal 
technical training. In general, they employ one, or a com-
bination, of two techniques: signature analysis and in-
circuit emulation. Instruments are also being designed to 
effect rapid repairs on the printed-circuit (PC) board or 
subassembly level, and for servicing down to the compo-
nent level. Some instruments can do both. 
Some major computer manufacturers have tended to 

favor one or the other of the new techniques by making 
commitments to purchase specific test instruments, but 
most have not decided either way. Nearly all, however, 
are taking a serious look at what's available. 

Board swapping— still no. 1 

Board swapping has been a traditional service 
philosophy, and one that provides the quickest repair 
method. As the name implies, it simply means that the 
service technician will try to repair a malfunctioning com-
puter system by replacing suspect boards with new ones 
until the system returns to normal. However, not only 
does this approach require an enormous investment in PC 
boards, but, if not managed very carefully, it can create 
severe problems. The disadvantages of board swapping 
include: 

1. As a result of the "shotgun" board-replacement 
procedure, many of the PC boards replaced are actually 
good boards. Thus, a large inventory of good boards is 
kept "floating" in the field, unused. 

2. Intermittent faults that are cleared up in the field 
when a board is replaced may not show up when that 
board is tested at a repair depot. As a result, the credibili-
ty of the analysis—and the cure—are in question. 

3. Many problems that clear up when a PC board is 

Roger Allan Associate Editor 

unplugged and replaced by a new one actually are at-
tributable to a faulty mating of the board with the connec-
tors. However, to the serviceman, the replaced board ap-
pears to be the culprit. 

4. Some PC boards develop problems only when they 
are used in conjunction with a set of other specific boards. 
Board swapping here can have a "hit or miss" chance of 
being effective. 

It is for these reasons, and particularly the first one, 
that large computer companies are investigating methods 
to control runaway service costs, by using better manage-
ment techniques and test equipment (Fig. 1). Never-
theless, nearly all computer and terminal-equipment pro-
ducers still feel that board swapping is the best service 
method in terms of rapid repair time. 

The new test equipment 

A number of new-generation test and measurement ser-
vice tools have been put on the market within the past two 
years. They employ a wide variety of testing tech-
niques—among them signature analysis, in-circuit emula-
tion, and guided fault probing. Some are multifunction 
instruments that provide digital displays of such circuit 
parameters as frequency, voltage, and resistance, whereas 
others display hexadecimal notations. Many are designed 
to troubleshoot microprocessor-based circuits, which is a 
disadvantage to minicomputer and large mainframe com-
puter makers since such instruments cannot be used with 
their products, particularly the older lines. On the other 
hand, many new computer and terminal installations are 
using microprocessors, and their number is growing 
rapidly. This article will examine some of the more 
notable instrument developments. 

Applying the techniques 

About a year and a half ago, Hewlett-Packard in-
troduced its model 5004A Signature Analyzer. Although 
the concept was not new (it was used earlier for data 
recording and error detection in automatic test systems), 
this was the first time that signature analysis had been in-
corporated into an inexpensive ($990) field-service instru-
ment. The philosophy is simple: A service technician us-
ing the Signature Analyzer checks its display of hex-
adecimal signatures against a list of correct signatures on 
a schematic or in a service manual, for all circuit nodes 
probed. In the event of an incorrect match, the technician 
can backtrack in the circuit until a signature match is 
made, and thus narrow down the diagnosis to the faulty 
component. The accuracy of the instrument is reported to 
be as high as 99.998 percent, for component-level 
troubleshooting. (See the box on p. 36 for a more com-

plete explanation of signature analysis.) 
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The drawback in using the 5004A is that the signature-
analysis concept must also be designed into the product 
with which it is used, although Hewlett-Packard claims 
that this disadvantage is far outweighed by its advantages. 
Another approach is in-circuit emulation, exemplified 

in an instrument recently introduced by Intel Corpora-
tion, Santa Clara, Calif. This technique involves the use 
of an external system to imitate a microprocessor system 
under test and provide a real-time functional diagnosis of 
its failures. 

Intel pioneered this concept in larger, more expensive 
microprocessor development systems many years ago, but 
not until about a year ago did the company succeed in in-
corporating the technique in a $2000 portable instrument 

it named the µ Scope. However, this instrument can 
diagnose faults only down to a subassembly level, and it is 
generally used with socketed microprocessors, since its 
emulator cable must be plugged into the socket of the 
system under test. (See box on p. 36 for a more complete 
explanation of in-circuit emulation.) 

Although simple to operate, both the Hewlett-Packard 
signature analyzer and the Intel in-circuit emulator in-
struments have been more popular on the production line 
than for field-service applications because of their circuit 

limitations. 

Synergy of two approaches 

More recently, the two concepts—signature analysis 
and in-circuit emulation—have been combined in a single 
portable low-cost instrument called the Microsystem 
Analyzer. The device is the product of Millenium 
Systems, Inc., Cupertino, Calif., a company that 
previously had designed and built microprocessor 
development systems for other companies (Fig. 2). The 
combination permits both real-time functional testing for 
module-level fault tracing and signature analysis for 
component-level diagnosis. This $2475 basic emulator in-
strument with a hexadecimal readout and a $495 circuit-
card signature analyzer option negates the need to have 

[1] Computer and terminal-equipment service managers 
are being barraged from both sides. On one side are the 
growing service problems of manpower training and 
equipment costs, greater numbers of products in the field 
under service, and greater customer demands for quick 
repair turnarounds. On the other is a host of service 
instrument manufacturers, all attesting to the rapid and 
cost-effective repair capabilities of their products. 

Problems 
• 

signature analysis designed into a circuit under test. In-
circuit emulation is used to generate externally the 
necessary bit streams used in signature analysis, and thus 
it is not necessary to break open loops into a circuit. The 
only requirements are that the clock for the system under 
test be used (synchronous testing) and that the 
microprocessor under test be socketed (so that the in-
strument's emulator cable can be plugged in). The 

Microsystem Analyzer has proved useful for engineering 
development and production testing, as well as field-
service applications. Currently, the instrument handles 
6800 and 8080 microprocessors, with Z-80 and 8085 

microprocessors in the planning stage. 
Of course, testing digital circuits involves more than 

just the digital checks of microprocessor testers. Analog 
tests and adjustments, such as those of timing signals, are 
often necessary. And, as explained previously, minicom-
puter and large mainframe installations—which account 
for a large segment of field computers—cannot utilize 
microprocessor testers, which is why the portable 
oscilloscope is still in wide use for field service of com-
puters. Thère have been, however, recent service-
instrument developments in this area. 

The multifunction approach 

The idea of combining several instrument functions in-
to one box for universal-circuit testing has been tried by 
several instrument maufacturers over the past five to six 
year, with limited success. Many of these early-day 
multifunction instruments were not optimized for field 
service, but were designed for the engineering laboratory, 
an environment that requires the maximum flexibility and 
high-performance features generally found in single-
function instruments. 
By early 1976, the Data Test Corporation, Concord, 

Calif., successfully marketed a multifunction instrument 
to the Burroughs Corporation, Detroit, Mich., for use by 
the latter's field-service force of computer repairmen. The 
$1995 Datatester model 1200 is essentially a combination 
digital multimeter and counter/timer. It can measure 
voltage, current, resistance, frequency, time interval, 
and transition counts. The transition-counting feature is a 
form of signature analysis, and is something with which 

Data Test had early experience (the company originated 
the TRC or transition redundancy check concept, based 
on obtaining digital count signatures at important circuit 
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nodes and logic boundaries that describe proper system 
operations). 

A key element in the success of the Datatester model 
1200 is its simplicity of operation. It is designed for use by 

service persons with little or no knowledge of the opera-
tion of the circuit they are testing, or of the instrument 
they are using. 

Last year, Tektronix, Inc., Beaverton, Oreg., took the 
multifunction instrument approach a step further with its 
model 851 digital tester. The instrument, which also is be-
ing supplied to the Burroughs Corporation, allows a 
repair person to perform voltage, current, resistance, fre-
quency, time-interval, and transition-count measurements 
by a single knob rotation without moving any probes, 
thanks to a clever function-switch design. Its front panel 
was designed for ease of understanding by the operator. 
The model 851 tester also features improvements in a 
number of its measurement specifications over the 
Datatester—including input loading and dynamic-
accuracy range of peak-voltage measurements. 

Both the Tektronix and Data Test instruments may be 
harbingers of all-purpose service instruments to come, 
and may cut into the domain of heavier, larger, and more 
expensive oscilloscopes. For the present, however, the 
oscilloscope is still a very valuable service tool. 

A digital testing oscilloscope 

One of the most recent concepts in combining instru-
ment functions was that introduced by Biomation, Cuper-

tino, Calif., in its model DT0-1 digital testing 
oscilloscope. The device combines the functions of a 
storage owilloscope, an automatic go/no-go tester, and a 
logic analyzer in one package. It was designed for rapid 

[21 A new approach in portable test equipment is 
represented by Millenium Systems' Microsystem 
Analyzer. By combining the well-known diagnostic 
capability of in- circuit emulation with that of signature 
analysis, the instrument allows rapid, down-to-the-
component fault isolation in microprocessor-based cir-
cuits, externally, without the need to open up circuit 
loops. 

analysis of both Pc-board and component-level faults. 
For go/no-go testing, it displays and compares up to eight 
logic traces from a system under test (SUT) with previous-
ly stored logic traces from a known good system (KGS) on 
a magnetic cartridge tape plugged into the DT0-1 (Fig. 3). 
Passing and failed traces are identified automatically by 
corresponding green and red LEDs on the probe and the 
unit's front panel. Also displayed are the SUT/KGS trace 
pair under comparison, as well as a "data error trace" 

f,— 

Component- or board- level repairs? 

Advocates of both component- and board-level 
repairs have impressive arguments for their respec-
tive approaches. In essence, however, the relative 
value of the two approaches depends on such 
things as the type of digital equipment under ser-
vice, the kind of end user, and the size of the market 
to be serviced. 

Proponents of the component- level repair 
philosophy feel that it is time for computer com-
panies to rethink their board- level repair approach 
with its inherently high costs (according to some 
estimates, at least 15 percent of a PC board's value 
is involved in the cost of keeping spares). They feel 
that although it may take a little longer to diagnose 
and repair a system fault down to the component 
level with new service instruments, the difference in 
cost more than makes up for the extra trouble-
shooting time. Furthermore, this extra time un-
doubtedly will become shorter as more advanced 
service instruments become available. Another 
benefit is the reduction in the need for large PC-
board repair pipelines between service centers and 
central repair depots. 
Those arguing against component replacement 

claim that this technique requires an even larger 
spare-parts inventory than does the Pc-board con-
cept. Moreover, test points would have to be 
designed into serviced equipment and documenta-
tion would be needed. And even assuming that a 
system fault were diagnosed rapidly, a great deal of 
time would have to be spent unsoldering defective 
components and resoldering new replacements, 
since most components on PC boards are soldered 
into the boards, not socketed. Although most 
microprocessors used in the field in such applica-
tions as point-of-sale terminals, process control, 
and desk-top calculators currently are soldered in, 
a growing number are being socketed, in industrial 
applications. 
Advocates of the board-level repair method cor-

rectly point out that many computer companies em-
phasize better local board testers over portable 
down-to-the-component instruments, although they 
might use the latter in certain cases. No one has yet 
demonstrated a faster repair methoçl than board 
swapping, and speed is necessary for customers 
demanding absolutely minimum downtime, such as 
banks, retail outlets, and brokerage houses. 

But one point is not in dispute: Portable 
component- level testers generally cost $2000 to 
$3000, whereas board-level testers can easily cost 
upward of $20 000. 
Which way to go? The answer that seems to be 

evolving among some computer service organiza-
tions is to take advantage of both techniques, by 
using an effective board tester in a central repair 
depot or local service office, augmented by a 
powerful component tester in the field. 
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when a logical disagreement occurs. 
For troubleshooting, the instrument can display up to 

six logic traces or an analog waveform, together with the 
SUT/KGS trace pair; or a new trace can be retained with 
the SUT/KGs trace pair, should a trace be present prior to 
the acquisition of the analog waveform. A number of 
other trace-signal. superimpostions are also possible with 

the DT0-1. 

Instruments optimized for board swapping 

Board swapping is still a necessary—albeit expen-

sive— service philosophy for many computer companies, 
and so these companies have tried to attack those aspects 
of a board-swapping program that considerably add to 
the overall costs. One important factor is the huge inven-

(3) The use of magnetic-tape cartridges for test programs 
for comparative data analysis, as is done in Biomation's 
DT0-1 digital testing oscilloscope, is a growing trend in 
portable field-service instruments for digital circuits. 

tory of PC boards required because of repair pipeline 
delays between computer-customer sites and a central 
rework facility where suspect PC. boards are repaired. Un-
til recently, most efforts by computer companies to con-
trol this problem had centered on streamlining their 

management operations. 
The National Cash Register Company, Dayton, Ohio, 

was the first to tackle the problems by attempting to move 
the central rework facility out to the field—closer to, or 
at, the service site (Fig. 4). To accomplish this, in 1975 it 
funded the Omnicomp Corporation, Phoenix, Ariz., to 

develop a portable piece of automatic test equipment 
(ATE) that would enable local-office Pc board repair, as 
well as "on-site" repairs where feasible. Omnicomp's ef-
forts resulted in the Portable Service Processor (PSP), a 
portable bench-top instrument featuring guided-probe 
fault isolation, interactive test programming in a high-
level language (PSP Basic), high-speed dynamic testing of 
PC boards, and fully programmable driver/sensor pins to 
test boards with multiple logic families. The PSP displays 
easy-to-understand diagnostic instructions for the 

operator in English. 
The importance of the PSP is that it brings low-cost 

($20 000) ATE sophistication, previously available only to 
large repair depots in large and expensive (upward of 
$80 000) systems, down to the local service office as well 

as to the field. A major advantage of the instrtument is 
that it minimizes test-program-generation costs (one 
source reports that it costs anywhere from $5000 to 
$25 000 per microprocessor-based Pc board to have a test 
program written). Omnicomp has made available 
language translators that can translate, rapidly and at low 

cost, test programs written for the most widely used com-
mercial test language to the Basic language used on the 

PSP. 

Measuring the true cost of service 

Computer and terminal-equipment manufacturers 
admit that few of them have a good handleyn the 
true cost of service, given the many complex fac-
tors involved. They agree, however, that the service 
problem is a large one, and that more should be 
done to provide the highest service quality at the 
least cost. 

In a recent speech to a local chapter of the 
Association of Field Service Managers, George Har-
mon, president of the association and vice presi-
dent and general manager of the Pertec Computer 
Corporation Service Division, warned that many 
computer companies, in spite of brilliant new ideas 
for products, will eventually go out of business for 
lack of adequate field service. "A data-processing 
system in a business or governmental application 
demands the same commitment to service as copy-
ing machines and telephones. But it is almost im-
possible for a small computer company to position 
a repairman 20 minutes from each customer 
without going broke." he explained. 
"The paradox in this computer business," points 

out Thomas Cook, corporate director of field 
engineering for Data General Corporation, 
Westboro, Mass., " is that a customer can purchase 
a small computer system for only a few thousand 
dollars, but then recoil with horror at having to 

spend nearly as much, or more, over the life of the 
system, for upkeep and service. While dropping 
hardware costs are bringing down cpmputer prices, 
the skill and expertise needed to maintain and ser-
vice these complex computers are going up." 
He adds, "I see us getting away from the black-

box instrument for service, particularly for CPUs, 
where built-in software is available for self-
checking. Most major makers of digital systems are 
doing just that. Black-box service instruments 
might be used for such things as terminals." 

Clifton Clarke, manager of field service ad-
ministration for Digital Equipment Corporation, 
Maynard, Mass., agrees with Mr. Cook's paradox, 
noting that a new customer base for computers 
presents a challenging dimension to service 
organizations. "We had one recurrent service pro-
blem with one of our computers at a fast-food chain 
outlet," he says. "We found out that coffee and 
other liquids were constantly being poured over the 
computer, accidentally, by inattentive cashiers. We 
took care of this problem by designing a special in-
ternal cover for the computer. This is a common 
problem that computer service organizations are 
going to have to deal with more often as greater 
numbers of less sophisticated customers start us-
ing computers." 

Allan—New philosophies for portable digital instruments 
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Field repair site 
(customer location) Field service office 

[4] Traditionally, suspect PC boards replaced in the field 
are first sent to the field-service office, which in turn 
sends them either to the factory or to a regional depot for 
repairs, depending on the nature of the defect. 
Sometimes, the regional repair depot will send a board it 
cannot repair back to the factory. New portable automatic 
test equipment helps minimize "pipeline" delays of 
boards between the field-service office and the repair 
depot or the factory, by allowing board repairs at the field. 
service office. Some automatic test equipment is even 
available for on-site component troubleshooting and 
repairs, at the customer location. 

Remote diagnostics—a growing trend 

In addition to the help they're getting from instrument 

manufacturers, several computer manufacturers are in-
vestigating the use of remote diagnostic routines over 

telephone data lines. The Digital Equipment Corporation, 
for instance, announced plans to institute its Remote 

Computerized Diagnosis, for users of its PDP-11/70 
minicomputer, as part of its service contracts ( Fig. 5). 
Originally developed about a year ago for the company's 

DEC system - 10 and -20 minicomputers, the service 
enables an accurage diagnosis of system malfunctions, in-
cluding recommendations for repairs, to be done remote-
ly, in advance of a service call. Three elements make up 

the system: a remote electronic console that replaces the 

Factory 
board repair 

Immummul 

Regional depot 
board repair 

regular PDP-11/70 front panel and is used to initiate 
operating commands through the system terminal; the 
24-hour toll-free telephone service line over which the 

remote diagnostic signals are sent; and a digital diagnosis 
center consisting of the host computer, communications 

equipment, and engineering staff. 

In the case of a system malfunction, the user dials a 
toll-free number for the service-response group, which ar-

ranges for remote diagnosis and contacts the appropriate 

field-service office to schedule a service call. Using con-
figuration files to determine proper parameters and 
diagnostic procedures for specific systems, the host 

diagnostic computer normally begins diagnosis within 
minutes of the customer's call. Following immediate 

analysis of results, digital diagnosis center engineers 

notify the service office of the nature of the malfunction 
and needed replacement parts. The user need furnish only 
a dedicated, voice-grade telephone line and a telephone-

line interface. 

A primer on various testing techniques 

A number of testing techniques have been incor-
porated in field-service instruments; the most pro-
minent of these are in-circuit emulation ( ICE), cyclic 
redundancy check (CRC), better known as signature 
analysis, and transitional redundancy check (TRC). 

Pioneered by Intel Corporation, ICE is a tech-
nique in which the functions of the microprocessor 
in a system under test are imitated by an external 
device, or " emulator." The emulator usually is at-
tached to the subject system by an umbilical cable 
into the-socket of the microprocessor, which has 
been removed. In essence, the microprocessor is 
replaced by an emulator and the system under test 
operates as if it were still under control of the 
microprocessor. Since its program is the controller, 
the emulator allows the setting of hardware break-
points, stepping through program instructions, and 
examining, displaying, and alternating CPU 

registers, memory, and lo ports. The technique 
thus allows monitoring as well as control of a 
system being tested for hardware and software 
faults. 

Popularized in field- service instruments by 
Hewlett-Packard as signature analysis, CRC is 

used to detect faulty components in inoperative 
digital systems, by exercising a system with a 
stimulus pattern that produces verifiable digital 
signatures at circuit nodes. The stimulus pattern is 
generated by using serial shift registers with feed-
back loops to form polynomial pulse codes. The 
loops provide the registers with prior and current 
data. Signature analysis, used in this manner, 
depends on the clock of the system being tested 
and necessitates the opening of feedback loops in 
the circuit under test. 
A technique pioneered by the Data Test Corpora-

tion, TRC evolved from a serial transmission test 
technique known as longitudinal redundancy 
check. This form of signature analysis involves 
analyzing a logic pattern by counting the number of 
logic transitions. (CRC is based on logic pulses, not 
transitions.) The four least significant digits of a 
transition count are usually stored in memory, and 
are used as known good signatures (from a known 
good circuit) and compared with matching 
signatures at various circuit nodes. Unlike CRC, 
TRC is based on the use of counters and is asyn-
chronous in operation. 
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Instrumeni makers have also been anticipating this 
trend toward remote diagnostics by designing remote-

control capabilities into their instruments. For example, 
Millenium Systems is looking into the possibility of 

operating its Microsystem Analyzer remotely, by 
downloading test programs for the instrument over the 

telephone lines. All a service technician would need to do 
would be to dial a remote service center and request the 

latest on a specific test program to be dumped into a 

blank PROM that the technician would be carrying. The 
company is also investigating the possibility of total direct 

control of the instrument, remotely. 
Omnicomp's PSP has also been designed for remote 

diagnostic capabilities. The instrument contains RS232-
and V-24-compatible asynchronous and synchronous in-
terfaces for connection to data-processing equipment for 

test-program transfers An acoustic coupler and modem 

on the instrument allow telephone communications be-
tween the PSP and a central data base for test-program 

downloading, or between several such instruments. Two 

PSPs can also be operated in a master-slave mode so that 

a remote PSP can be controlled by an operator using 

another PSP. 

Serviceability starts with the designer 

Simple-to-operate service instruments that permit rapid 

troubleshooting of downed systems are proliferating. 

Branch office 

Direct - 
data path 

1 19 
Customer 

[5] A promising technique to cope with rising demands on 
digital- field- service organizations is remote diagnostics 
of computers, such as the Remote Computerized 
Diagnosis for Digital Equipment Corporation's PDP-11170 
minicomputer users. This service, provided by the com-
pany as part of its service contracts, enables accurate 
diagnosis of minicomputer system malfunctions, and 
makes repair recommendations remotely in advance of a 
service call. 

Even the role of test instrumentation in a service organiza-
tion is increasing. Yet, despite these facts, both instru-

ment and computer-equipment manufacturers almost 

completely agree on one thing: No single service instru-

ment, no matter how powerful, can do the job alone, par-
ticularly if a product was not designed for serviceability at 

its conceptual stage. 
O. Douglas Greenwood, vice president of Data Test 

Corporation, the oldest automatic test equipment 
manufacturer in the business, advises that a life-cycle 

testing philosophy be established. "This means that 
engineering, production, and service engineers must work 
together to produce a most serviceable product, backed 
by compatible and available test equipment and pro-

grams," he says. 
The recent service-instrument developments suggest 

that the needs of the computer and terminal-equipment 

manufacturers have been met only partially, and that 
many more good answers are needed to satisfy them 

completely. • 
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APPLICATIONS 

Biomedical 

For diabetics: 
an electronic pancreas 

A bionic device implanted below the human diaphragm will 
deliver insulin into the peritoneum and be inductively programmable 

My wife and I returned to Albuquerque from San Fran-
cisco on a Saturday afternoon at the conclusion of 
WESCON. We knew that our youngest daughter was ill. 
Her illness has been diagnosed as a simple viral infection 
and she had been left in the care of her grandmother. 
When we saw her, we were shocked. She had lost about 15 
pounds, was hyperventilating, the muscles in her face 
were in convulsion, and she was unable to keep down any 
food or liquids. We immediately called our physician, 

Diabetes is a major health problem for millions of peo-

ple throughout the world—ten million in the U.S. 

alone—and a major portion of that problem is the re-
quirement that insulin be delivered into the body 
periodically to maintain normal blood-glucose levels. 

Now, as a result of biomedical engineering progress, a 
solution may be at hand: a miniature, low-power bionic 
pancreas that should be available within the next three to 

five years for implantation in humans with diabetes. The 
device would be programmed to deliver insulin into the 
peritoneum (the membrane lining the cavity of the ab-
domen) at a low rate, and would automatically reduce 
that rate even further during sleep. Higher insulin-
delivery rates would be programmable externally to ob-
tain suitable insulin levels following meals. 
Two other approaches, nonengineering in nature, are 

also presently under investigation. The first is based on 
the assumption that diabetes is a genetically caused 
disease that may be brought a by a viral infection and 
that the body's antibodies, in reacting to that virus, attack 
not only the virus but also the islet cells in the pancreas 

that secrete insulin. Researchers are seeking to isolate the 
diabetes virus and develop a serum to kill it. The second 
approach involves transplantation of islet cells from 
healthy individuals to the diabetic. Here, the major pro-
blem is to keep the diabetic host from rejecting the 
transplanted cells through immune reactions. Radiation 
of transplanted cells and chemotherapeutic treatments 
can help alleviate the difficulty. 

The artificial pancreas 

A major step forward in controlling blood sugar in 
diabetics undergoing surgery or childbirth was the 
development of the artificial pancreas. This work 
originated in Toronto under A. M. Albisser, and a unit, 
which has not yet been certified for patient care in the 
U.S. but is in wide use elsewhere, is being manufactured 
by Miles Laboratory of Elkhart, Ind. 

W. J. Spencer Sandia Laboratories 

who reconfirmed his initial diagnosis arid told us not to be 
alarmed. At about 5:00 a. m. on Sunday, we rushed her to 
the emergency ward of the local hospital. By this time, she 

was completely unintelligible. Two hours later, her condi-
tion was diagnosed as diabetes with an extremely high 
blood-sugar level. Immediate treatment with insulin and 
intravenous fluid injections was begun. It took another 48 
hours before our daughter's blood-glucose level began to 
approach normal and she regained consciousness. 

The system concept of the Miles artificial pancreas is 
shown in Fig. I. The device delivers insulin and glucose 
intravenously while monitoring glucose levels in blood 
samples drawn from the patient. The blood samples are 
monitored on a real-time basis. Output of the glucose sen-
sor is fed into a minicomputer that contains algorithms 
for delivering either insulin or glucose, depending on the 
blood-glucose levels in the evaluated sample. The 
algorithms are insensitive to small variations of blood 
glucose but produce large outputs when the glucose 
swings away from the normal level of about 100 
milligrams per deciliter ( 100 milliliters). The output of the 
minicomputer activates either an insulin pump or a 
glucose pump, depending on the patient's needs. 
The artificial pancreas described has enabled diabetics 

to undergo surgery without the major complications of 
blood-sugar imbalance and improves the probability of 
normal children being delivered from diabetic mothers. 
Experience has shown that the equipment almost always 
provides insulin rather than glucose. 
On the negative side, the equipment is rather unwieldy 

and can be used only with bedridden patients. In addi-
tion, the blood-glucose sensor has a very limited life and 
must be changed every few hours. (A major effort to 
develop long-lived, miniature glucose sensors is underway 
at the Joselin Clinic in Boston under the supervision of J. 
S. Soeldner.) 

Open-loop systems 

If one were able to determine a priori what the insulin 
needs of an individual would be as a function of food in-
take, exercise, or other activity, the insulin requirement 
could be preprogrammed, thus eliminating the need for a 
glucose sensor as a feedback control. It would then be 
possible to use much smaller equipment for insulin 
delivery. Such a system would operate open loop and the 
diabetic, with an awareness of dietary and exercise de-
mand (or the diabetic in conjunction with his or her physi-
cian), would provide the decision to close the loop. 

Experiments with open-loop systems are being carried 
out at many locations, including West Germany and 

38 0018-9200/78/0600-038$00.75 01978 IEEE ILLL spectrum JUNE 1978 



Canada, and Ohio and New Mexico in the United States. 

The experiments at the University of New Mexico include 

a standard hospital pump (the IVAC 130) modified by 

Sandia Labs to provide insulin in the same way that the 
pancreas does in a nondiabetic individual. The 5-kg 
pump, which has a droP counter in a feedback loop to in-

sure constant infusion-delivery rates, operates either from 

internal batteries or from 110-volt, 60-kHz sources. 
Normally, the system (see Fig. 2) functions as follows: 

A low-level basal infusion rate of about one to two units 
per hour is chosen by a set of dials. After a meal, the 

pump is actuated to deliver a higher rate ( normally eight 

to ten times the basal rate) for a preset time (20-30 
minutes). The high rate is timed automatically and the 
pump returns to a low rate at the end of the preset time 

period. While the pump is on a high rate, a set of light-
emitting diodes in a display shows the time remaining for 

the high-mode delivery. An alarm sounds If the pump 

fails to deliver insulin at the programmed rate. 
The level of control of blood-glucose and serum-insulin 

levels was measured for a diabetic patient being treated at 
the University of New Mexico Medical School. They were 

similar to those shown in the illustration in the box on 
page 40 for a typical diabetic individual who is taking in-

sulin subcutaneously. Results of the first pump study on 

the New Mexico patient showed a dramatic improvement 
in blood-sugar levels, but not enough insulin was 
delivered to bring these levels back to normal. In a second 
pump study, with insulin delivery increased from seven to 

ten units per hour, blood-sugar levels were dramatically 
improved and the glucose levels following the noon and 
evening meals were similar to those of a nondiabetic—but 

there was still an insufficient amount of insulin following 

Drops/minute 
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Power 
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Alternate 
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[1] Closed-loop system monitors patient's blood-glucose 
level and delivers needed amounts of insulin or glucose to 
bring the glucose level as close to normal as possible. 

[21 Open-loop insulin-delivery system is programmed to 
deliver specific amounts of insulin for predetermined 
periods of time and different times of day. The diabetic 
patient and the physician close the loop. 

10 

8 

6 

4 

2 

o 

i
n
o
t
u
s
r
u
n
 
'
al

eJ
 
u
o
i
s
n
w
i
 
w
i
n
S
u
i
 

Meal 

rhaheticv an electronic nancrea, 
39 



The nature of diabetes 

Diabetes is a series of diseases, all of which are 
characterized by a blood-sugar imbalance. In one 
form or another, it now affects about 5 percent of 
the U.S. population, or about ten million individuals. 

Diabetes is not a well- understood disease. Its 
symptoms are not widely known. However, it can be 
categorized as two general types. The most severe 
form is manifest generally in young children about 
the age of puberty and occurs more often in girls 
than in boys. The main characteristic of "juvenile-
onset" diabetes is a complete lack of insulin secre-
tion regardless of onset age. Maturity-onset 
diabetes, on the other hand, generally is 
characterized by an inefficiently operating pan-
creas and also by tissue resistance to the action of 
insulin to lower blood glucose. Insulin normally 
secreted by the pancreas is a complex amino acid 
that is extremely important in the metabolism of 
carbohydrates. Lack of insulin results in high levels 
of glucose in the blood. Unmetabolized glucose 
causes the reactions described in the opening per-
sonal drama and, if untreated, ultimately leads to 
death. With inefficient insulin secretion and/or 
tissue insulin resistance, the complications are not 
so severe. 

How much control 

The control a diabetic can maintain is usually 
measured by determining the level of glucose in the 
blood. In actuality, a diabetic not only has abnor-
mal insulin and glucose levels but also has im-
balances in other important hormone and amino 
acids. However, even though there is no assurance 
that if insulin and glucose levels are made normal 
all other blood chemicals will resume their normal 
balance as well, there is some evidence in that 
direction. 
The accompanying illustration shows glucose 

and blood- insulin levels for normal and diabetic in-
dividuals during a typical three-meal day. For a non-
diabetic, glucose levels normally run about 100 
mg/di (milligrams per deciliter or 100 milliliters) of 
blood serum and do not vary appreciably over a 
24- hour period. There is, however, some fall in blood 
glucose following heavy physical activity. In a nor-
mal individual, blood-insulin levels (which maintain 
the glucose levels) increase sharply after a meal 
when the pancreas is stimulated to secrete large 
amounts of insulin. Typically, they will increase 
from about 10 microunits/ml to as much as 100 
microunits/MI. The amount of insulin secreted 
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Glucose and insulin levels throughout the day for a 
normal individual (black curves) and for a diabetic 
(colored curves). 

depends on the type of food consumed, body 
weight, activity following a meal, and several other 
variables. 

Blood-sugar levels for a diabetic are shown in 
color. It is assumed that the diabetic took a single 
subcutaneous injection of a mixture of long-lasting 
and regular insulin just before breakfast. After a 
meal, the glucose level rises to a much higher 
degree in the diabetic than in the normal individual. 
The amount of rise depends on a number of factors 
but may be as much as 300 or 400 mg/di. The curve 
shows that, instead of peak insulin pulses follow-
ing meals, the diabetic has a slow rise in insulin 
following the injèction in the morning. The insulin 
level peaks about midafternoon or early evening 
and then tends to taper off. 

Diabetics often increase control of insulin levels 
by using multiple injections during the day. 
However, this type of control leads to discomfort 
and possible serious skin and subcutaneous tissue 
degradation. 

Long-term complications 

The Juvenile Diabetes Association lists diabetes 
as the third leading cause of death in the U.S. 
Diabetes is the major cause of blindness and con-
tributes to other cardiovascular complications. 
These long-term complications in diabetics are 
believed to be related to the imbalance in blood 
glucose. 
The major question still to be answered is 

whether or not better blood-glucose control will 
alleviate the long-term complications of diabetes. 

breakfast for normal glucose levels. These results have 

been repeated for many juvenile-onset diabetics. 

The results using single-step delivery of insulin follow-

ing meals are extremely encouraging and the modified 

hospital pump has been entirely satisfactory for postmeal 

intravenous delivery of insulin in a pulse mode. 

The desire to treat mobile diabetic patients led to 

development of a pump and reservoir small enough to be 

carried in a vest worn by the patient. The pump delivers 

insulin intraperitoneally rather than intravenously, which 

offers several advantages. For example, problems of clot-

ting and infection are considerably fewer in the 

peritoneum than in the vascular system. Also, there is no 

variation in pressure in the peritoneal cavity as there is in 

the vascular system, which means that low-power pumps 

can be used without fear of pump-rate variations as the 

pressure into which the pump is working changes. 

Moreover, with peritoneal delivery, the total rise in 

blood-insulin levels is much less and their fall is not as 

rapid as when delivery is intravenous. The amount of in-

sulin absorbed and appearing in the peripheral blood 

system is about half that measured when the same amount 

is delivered intravenously, which indicates that the insulin 

is probably being absorbed directly into the liver. Blood-

glucose levels are under good control as well. All in all, 

peritoneal insulin delivery is an exciting prospect. 

Seeking a better pump 

Use of electronically controlled pumps in both closed-

and open-loop systems leads to the next step: the possibili-

ty of building a completely implantable system for pulse-

mode delivery of insulin. The electronic controls are 

miniaturized in a straightforward way using custom 

silicon integrated circuits. The main problem lies in find-

ing the best pump system. 

As indicated in Table I, today's pumps fall into three 
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categories: piezoelectric, electromechanical, and bellows. 
The major advantages of the piezoelectric pump are small 
size and low power consumption. However, it has disad-
vantages of low pumping pressure head and difficulty in 
priming that must be overcome before it can be con-
sidered an implant possibility. 
At present, almost all experiments with external pump-

ing systems employ peristaltic pumps driven by an electric 
motor geared down to provide very slow motion. Since 
pumping rates in an implanted system will probably run 
between 0.25 and 0.5 cm' per day, motor speeds either 
must be very low or the outputs must be geared down 
suitably. An attractive alternative to small electric motors 
is a modified stepping motor. A miniature stepping motor 
used for certain nuclear-weapon applications and a 

miniature peristaltic pump are shown in Fig. 3. This pump 
is capable of putting out about 5 oz-in of torque (3600 
g-cm), sufficient to drive the peristaltic pump and to pro-
vide the low pumping rates required for insulin delivery in 

an implanted system. 
All of the electromechanical motors require more 

power than the piezoelectric pump. The stepping motor 
shown in Fig. 3 could deliver a basal insulin supply with 
insulin bursts three times a day, following meals, for more 
than five years, while operating from a 4-ampere/hour 
lithium iodide battery developed for cardiac pacemakers. 
Each of the pumping systems described requires a reser-

voir in order to operate. A pump combined with a reser-
voir that was developed at the University of Minnesota 

and is being produced by the Metal Bellows Company of 
Sharon, Mass., is the only pumping system that has had 
implant experience to date. It is filled by using a syringe to 

inject fluid through the skin and refill septum into a reser-
voir. As the fluid is injected into the reservoir, it expands, 
compressing a freon-type gas in the outer chamber into li-
quid form. At a constant temperature, the freon gas has a 
constant vapor pressure. Thus, the bellows pump has a 
constant pumping pressure over 80-90 percent of its fill. 
By using a suitable restrictor on the output of the pump, 
pumping rates as low as 0.25 cm' a day have been 
achieved. This type of pumping system has been used to 
deliver heparin in animals and humans and in 
chemotherapy treatment of cancer in humans. Pumps 

have been implanted for periods of up to four years 
without malfunction. 
To provide a pulse delivery of insulin, a bellows pump 

requires two outputs: a slow output to maintain the basal 
rate of insulin delivery between meals and a higher 
delivery rate for pulse delivery of insulin after meals. Such 
a delivery system is being constructed jointly by Metal 
Bellows and Sandia Labs. 

Electronic controls 

Electronic controls for any of these pumping systems 
would have to be built from low-power silicon integrated 
circuits. The two most promising technologies are com-

plementary metal oxide semiconductor (cmos) devices 
and integrated injection logic. Experience at Sandia has 
been with bulk cmos. A typical control board for insulin 
delivery experiments contains about 20 small- and 

medium-scale integrated circuits. When monitor func-
tions and external programmable controls are added to 
these circuits, they probably will require about 2000 tran-

sistors. 
A block diagram of a proposed remotely program-

mable insulin-delivery system is shown in Fig. 4. The con-

trol information is programmed by feeding elec-
tromagnetic pulses inductively through the skin and into a 
ferreed switch. The opening and closing of the switch pro-
vide the pulses that set the three parameters needed for in-
sulin delivery: basal rate, burst rate, and burst time 
period. Each of these control parameters requires about 8 
bits of information. Thus, an entire program fed into the 
control unit will consist of only 24 bits. To ensure that in-
formation is fed in properly, a redundant code pulse series 
will be used—which will increase the number of bits 
necessary to about 72. As experience is gained with exter-
nal insulin-delivery systems, additional monitor circuits 
will be needed and these will require additional program-

ming bits. 

Where do we go from here? 

Researchers at the Harvard Medical School say that the 
bionic pancreas should be available within the next decade 

[3] Miniature stepping motor is attractive for insulin-
delivery systems using peristaltic pumps. 

[4] Components of a remotely programmable insulin-
delivery system with insulin reservoir. External program• 
ming is accomplished by sending inductive elec-
tromagnetic pulses fhrough the skin and into a ferreed 
switch. 
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I. Summary of insulin pumps considered for implantation 

Pressure Volume 

Piezoelectric pump 1 mm Hg/volt 

Electromagnetic pump Adequate 

Bellows pump 250-750 mm Fig 

gil/stroke 

pl/stroke 

0.25-cmIday 

Power 

Low 

Moderate 

Very low 

Implant 
Size Experience Electronic Controls 

and the biomedical groups at Sandia and the University. of 
New Mexico subscribe to that concept. What then are the 
major hurdles still to be overcome? 
A large number of experiments with open-loop insulin-

delivery systems are now in progress. Experiments are on-
ly beginning on intraperitoneal insulin delivery, but the 
technique appears to be very promising. 

Improvements in insulin-delivery systems are needed, 
especially in the areas of monitoring and control. Direct 
fluid-flow monitoring needs to be incorporated in future 
systems. Battery status, remote programmability, and a 
variety of other information must be available to the 
medical researcher. Smaller, longer-life, lower-power in-
sulin systems—all for external use—must be developed. 
Present systems are unsightly, lack human èngineering, 
and require skilled technicians to adjust and use them. In 
general, these improvements can be brought about 
through the use of standard integrated circuits. Fully 
customized silicon integrated circuits will not be required 
for some time. 

External insulin-delivery systems for use in experiments 
with humans offer a rich source of information with a 
minimum of risk. The reports of such experiments are en-
couraging and should result in wider acceptance of the 

concept of pulsed insulin delivery for better glucose con-
trol. Computer analyses of blood-glucose and blood-
insulin data in terms of insulin-delivery algorithms are 
also necessary. Mathematical modeling of the entire 
human body as to insulin storage and use appears feasible 
and should prove of value when insulin-delivery modes 

For further reading 

• There are two books entitled Diabetes Mellitus. 
That published by the American Diabetes Associa-
tion, New York, N.Y., contains papers written by a 
variety of authors discussing various aspects of 
juvenile- and adult-onset diabetes, and, along with 
other information, is available from the Associa-
tion. The other book, now in its sixth edition, is 
published by Eli Lilly. This discussion is better . 
organized in many respects than the American 
Diabetes Association book. 
• The artificial pancreas was reviewed recently by 
A. M. Albisser in Archives of Internal Medicine, vol. 
137, May 1977, pp. 639-649. 
• A review of work on blood-glucose control has 
been prepared by R. Philip Eaton at the University 
of New Mexico and appeared in the first issue of 
Diabetes Care. 
• Two medical journals, Diabetes and The New 
England Journal of Medicine, carry many articles 
on diabetes. 
• The American Diabetes Association publishes a 
monthly magazine, Forecast, with informative ar-
ticles on diabetes for a general audience. 

Small 

Small 

Moderate 

No Available, high voltage 

No Available,moderate power 

Yes Available 

are being chosen for future systems. Various experiments 
of this type are underway and need to continue with better 
devices. 

Experiments with external systems also are being car-
ried out on animals. Implants will soon follow but remote 
programmability of units will be required before useful 
implants can be accomplished successfully. One such unit 
under construction employs a bellows pump and standard 
integrated circuits. Plans are to perform first implant ex-
periments this year. Flow monitoring and certain circuit 
functions will be read out from the implanted unit on a 
continuous basis. Programming will be done in a manner 
similar to that used in modern pacemakers. Elec-
tromagnetic induction will be used to couple digital pulses 
into an implanted control circuit. 

Assuming that no unforeseen or insurmountable 
obstacles arise, the combination of external human ex-
periments and animal implant experiments should lead to 
the development of a miniature, low-power bionic pan-
creas for experimental human implants within three to 
five years. 

Human-implant unit 

I he initial human-implant unit might be about 150 cm3 
in volume, with a density of approximately one. A 30- to 
40-cm3 refillable reservoir should permit 60-day operation 
between insulin refills. The device will be programmed to 
deliver insulin at a low adjustable background rate with 
an automatic reduction during periods of sleep. Higher 
insulin-delivery rates will be actuated by an external pro-
grammer. Insulin levels suitable for snacks, regular meals, 
and even banquets will be available, and the unit will be 
capable of complete shutdown if necessary. A variety of 

diagnostic information will be read out of the implanted 
unit, including flow rate, control status, reservoir- fill fac-
tor, and battery status. Battery life should be in excess of 
five years. 

The unit will be implanted below the diaphragm and 
will deliver insulin into the peritoneum. Insertion and 

removal will be accomplished under local anesthesia.* 

The remotely programmable insulin-delivery system work that is 
described in this article is a team effort•by people with diverse 
backgrounds. Key members of the team are P. Eaton and D. 
Schade of the University of New Mexico Medical School and W. 
Corbett and B. D. Shafer of Sandia Labs. 

A. J. Spencer (F) is director of systems development 
for Sandia Laboratories., Prior to joining Sandia in 
1973, he was with Bell Laboratories, where he started 
in 1959 as a Member of the Technical Staff. He later 
became head of the Piezoelectric Devices Department 
at Allentown and, in 1972, director of university rela-
tions and technical employment. Dr. Spencer currently 
heads the IEEE Solid-State Circuits Council. 
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LARGE SYSTEMS 

Power/energy 

System security: 
the computer's role 

Several security-related functions can be aided by the digital 
computer, and linked together by a software scheme 

Can computers in power-system control centers prevent 
blackouts? The answer is yes—and no. Apparently they 
cannot control a power system so that it will not become 
unstable. However, they can provide substantial help to 
the human who is operating the system. In addition to 
their contributions to various operational functions (see 
box on p. 50), computers assist the operators in preserving 
the system's security—its freedom from danger or risk. 

Security functions are now incorporated into computer 
programs to deal with operating conditions as well as with 
disturbances that could lead to equipment overloads, 
voltage degradation, frequency decay, system instability, 
service interruption, or the ultimate catastrophe of a 
system shutdown. This article discusses how these func-
tions fit into the overall control structure of a power 
system, and summarizes the extent to which they have 
been realized in today's power-system control centers. It 
complements an earlier article by Fink and Carlsen (Mar., 
pp. 48-53), which discussed in more formal terms and 
technical detail the problems, approaches, and research 
needs associated with these functions. 

Security- related decisions 

In essence, the security functions help to keep the 
power system in the "normal" state. To clarify the digital 
computer's role in carrying out these functions, consider 
the following sequence of operating decisions: 

I. Using real-time system measurements, identify 
whether the power system is normal or not. If the system 
is in an emergency, go to step 4. If load has been lost, go 
to step 5. 

2. If the system is normal, determine whether it is 
secure or insecure in the event of a next-contingency. 

3. If it is insecure—i.e., there is at least one contingency 
that can cause an emergency—determine what preventive 
action should be taken to make the system secure. 

4. Execute proper corrective action to make the system 
normal. 

5. Restore service to system loads. 
We refer to the function in step 1 as "security monitor-

ing." Steps 2 and 3 make up "security analysis" and steps 
4 and 5 are "emergency control" and "restorative con-
trol" respectively. 

Security functions in system control 

Figure 1 portrays a proposed scheme tor computer soft-
ware organization that links the various security-oriented 
functions together. Also shown are certain other impor-

Tomas E. Dy Liacco 
Cleveland Electric Illuminating Company  

tant functions, which are required to support the security-
oriented functions. (Less important functions have been 
omitted for clarity.) At the present state of the art, only 
those security functions are realizable that relate to 
steady-state conditions, whereas the dynamic security 
functions are still a subject of research. However, the 
following concepts, as shown in the illustration, can be 
applied to the dynamic security problem (although not to 
its implementation). 
Measurement data on bus-voltage magnitudes and 

phase angles, as well as on the status of circuit breakers 
and switches (i.e., open or closed), are continuously fed 
into the computer. Also inputted, this time manually by 
the operator, are other data, including information on ex-
ternal power systems connected to the system under 
discussion. Glaringly bad data, such as transient excur-
sions in the measured values, are rejected by "filtering" 
the incoming data through a simple check of their 
"reasonability" or of the consistency between breaker 
status and analog information, or by means of an averag-
ing routine, which smoothes out the excursions. 
Although the proposed software scheme could con-

ceivably use the real-time data directly from the power 
system, there are benefits to be gained by first processing 
the data by state estimation (SE) procedures. These pro-
duce, from a limited set of system measurements, a 
"best" estimate of the vector of bus-voltage magnitudes 
and phase angles of the entire network. The measurement 
set is understood to contain an adequate degree and 
spread of redundancy to allow the statistical correlation 
and correction of the measurements, to permit the detec-
tion, and preferably identification, of bad data, and to 
yield calculated values for nontelemetered quantities. The 
resulting information helps to determine, at a given mo-
ment, the real and reactive power injections into each 
node of the power network (the injection vector). 

Security monitoring (SM) is the on-line identification of 
the actual operating conditions of a system by checking 
real-time data to determine whether it is in a normal, 
emergency, or restorative state. Auxiliary to the SM func-
tion is the determination of the actual network topology 
from the filtered data, which involves systematic process-
ing of real-time information about the status of circuit 
breakers and switches. On-line load flow (OLF) employs a 
detailed model of the power network, which is con-
tinuously updated from the information about the net-
work's topology. The OLÈ function requires, as input, an 
equivalent of the external power systems that are con-
nected to the particular system, and a method for ad-
justing this equivalent to match the real-time conditions. 

If a power system is verified as normal by the SM pro-
cedure, the security analysis (SA) function is invoked to 

IEEE spectrum JUNE 1978 0018-9200/78/0600-043$00.75 © 1978 IEEE 43 



check on its security level. SA consists of a contingency 
evaluation, which utilizes OLF to determine whether the 
system is secure or insecure, and it also determines what 
preventive action should be taken to make an insecure 
system secure, or less insecure. Basically, contingency 
evaluation answers the question, "What if a next-
contingency out of a set of probable contingencies takes 
place?" The possibilities are that either the system will 
ride through the disturbance and settle down to a normal 
state, or it will find itself in an emergency. In the latter 
case, the system is insecure and the contingency-
evaluation function must inform the operator as to which 
contingency is causing the insecurity and of the nature 
and severity of the anticipated emergency. 
The concept of a next-contingency set as a reference for 

the "what if" question is a sound operating strategy. The 
system operator should always check whether a next-
contingency would cause a problem, especially when the 
system has already undergone one or more equipment 
outages due to previous disturbances or operating actions. 
The contingency-evaluation routine of SA does this for 
him. 

01 More and more computer 
programs for energy control 
centers include at least 
some of the functions por-
trayed here, which can help 
operators maintain system 
security— namely, the 
freedom from danger or 
risk. In this prosposed 
scheme, measured data 
from the power system, as 
well as other data normally 
supplied by the operator 
(including information on 
other systems connected to 
the power system under 
discussion), are fed into the 
computer. After filtering out 
"bad" data, the network 
topology is derived. A 
statistical " state estima• 
tion" procedure helps ob-
tain the " best" estimate of 
system parameters from a 
limited set of measured 
data. Procedures such as 
security monitoring and 
analysis help alert 
operators to developing 
emergencies. Useful for 
evaluation of contingencies 
are the data on the system's 
load flows, which con• 
tinuously take into account 
flows into and from external 
power systems connected 
into the system under 
discussion. 

Preventive action requires an optimization routine, or 

optimum power flow (OPF). Although the literature 
abounds with optimization techniques, there is still no 
OPF suitable for use in preventive action. For the sake of 
this discussion, however, let us assume that a preventive-
action solution can be found, optimal or not. Since the 
power system normally is operated at minimum operating 
cost, system security will have to be obtained at a price. If 
the cost of the preventive action is small, the operator can 
place the control in effect. Where the cost is high but the 
contingent emergency not too severe, the operator may 
decide not to take any action to improve system security. 
He may confirm this decision by running a study to verify 
that emergency control steps can correct the situation 
should the contingency take place. 

Because of the restrictions on the number of feasible 
controls, it is not always possible to find a preventive-
action solution. In such cases, a contingency plan would 
be developed by assuming that the contingency has oc-
curred and by running the OPF with the objective of 
minimizing the amount of load to be curtailed. This con-
tingency plan, which, in effect, anticipates emergency 
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control, places the system operator in an alert, ready 
mode. Without it, the operator would be unprepared for 
an emergency requiring fast corrective action. 

If SM finds the system to be in an emergency or near-
emergency state, corrective action via emergency control 
may be executed manually or automatically, depending 
upon the severity of the emergency. If it is not very 
critical, corrective action may be achieved by shifting 
generation from units in trouble to other available units. 
That is, an OPF routine is part of emergency control. 

Since the objective of emergency control is to bring the 
system to a normal condition, although not necessarily a 
secure one, the OPF problem is not as complex as that for 
the preventive action. Still, there are no on-line OPF 
techniques for emergency control. 

Severe steady-state emergencies may require immediate 
load shedding. This can be done manually by supervisory 
control or automatically by the computer. The OPF 

would be used to determine the minimum amount of total 
load to be dropped and at what points of the network the 
component loads are located. 

If the overload is very slight, the operator may decide to 
ride it out, as the system loading may be decreasing or 
there may be ample time for field maneuvers to relieve the 
overload. 

Restorative control is achieved almost completely by 
manual action. Its difficulty depends not only on how 
much generation and transmission are available but also 
on the operability of auxiliary facilities necessary to place 
equipment back in service. For an extensive shutdown, 

[2] A dual, redundant computer system like this one is the 
most common computer configuration used in designing 
control centers for power systems. In the event of failure 
of the primary computer, an automatic fail- over scheme 
can detect the failure and " transfer" all of the critical 
functions of hardware and software to the secondary 
computer, which, in effect, becomes the new primary one. 
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restoration would require an orderly, coordinated pro-
cedure of bringing up generation, putting the transmis-
sion back together, and picking up load—all in steps and 
at such a pace that dynamic imbalances in generation ver-
sus load and constrictions in transmission capability 
would not occur to take the system back down again. To 
carry out this process, the operator would use the security 
monitoring function to keep track of what the system is 
doing in terms of status, power flows, voltages, and fre-
quency and supervisory control (see box on p. 50). 

Security functions implemented 

More and more control centers for real-time monitor-
ing and control of power systems are being installed 
throughout the world. Some 80 control centers are now in 
service or under development (Table I) that have, as a 
minimum, automatic generation control and security 

monitoring (the other security functions are not yet in 
wide use). About 50 of these centers are in the U.S.; 
others are located in West Germany, England, Japan, 
Norway, Switzerland, France;Canada, Belgium, Sweden, 

Italy, Spain, Poland, Romania, Hungary, Finland, Israel, 
Taiwan, Korea, Australia, South Africa, and Argentina. 
In addition, a number of utilities in the U.S. and 
elsewhere are in the process of identifying their needs, 
preparing specifications, or reviewing proposals for new 
control systems, all of which will include security func-

tions. 
At present, 11 control centers have state estimation in 

service—and this number is increasing, if slowly. Most 
new control center contracts and specifications call for 
state estimation, and by the end of 1980, some 35 
centers-25 of them in the U.S.—will have SE in opera-
tion. Actually, SE should be a part of every control center 
with any concern for system security. 
The on-line load-flow function is in use to about the 

same extent. Only 11 control centers now have OLF in 
service but, by the end of 1980, this number should in-
crease to about 38, or almost 50 percent of the control 

centers. 
The utility decision-makers' lack of familiarity with 

state estimation and its importance to real-time operation 
has been a prime deterrent to a more widespread applica-
tion of this technique, but the only explanation that may 
be given for the low level of usage of the more familiar 
OLF is its cost. However, the cost-effectiveness of new 
computers and the pressure for operator training should 

encourage more utilities to install OLF—which is a must 
for steady-state simulation of what happens to power 
systems when certain network changes occur. 
Contingency evaluation is in service at 20 control 

centers, and by the end of 1980 some 45 centers should 
have this function. This includes control centers that use 
linear sensitivity factors instead of OLF for CE. The 
linear factors are derived from passive network models 
and are used directly with the telemetered line flows. The 

disadvantages of this method are its inherent inaccuracy 
and its assumption of the availability and accuracy of 
measurements, its inability to predict voltage problems, 
and the cumbersome procedure involved in the on-line 
update of the factors. Of the 25 control centers that are 
planning to implement contingency evaluation in the 
1978-81 period, only three will use the linear approach. 
On-line optimum power flow is in use at only two U.S. 

control cednters, and these are limited to supporting the 
economic dispatch calculations. By the end of 1980, three 
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I. Power-system control centers around the world— practices and trends 

In Service Company 

June 1969 Michigan Electric Power, 
Ann Arbor 

June 1970 

July 1970 

Dec. 1970 

Oct. 1971 

Nov. 1971 

Mar. 1972 

June 1972 

Oct. 1972 

Dec. 1972 

Feb. 1973 

Mar. 1973 

New England Power Exch., West 
Springfield, Mass. 

Pennsylvania-Jersey- Maryland 
(PJM) Interconnection, Norris-
town, Pa. 

Central Electricity Generating 
Board, London, England 

Kyushu Electric Power, Fukuoka, 
Japan 

Houston Lighting & Power, 

Norwegian Water Resources & 
Electricity Board, Tokke 

New York Power Pool, Albany 

Tohoku Electric Power, Sendai, 
Japan 

Electric Power Utility, 
Laufenburg, Switzerland 

Cleveland (Ohio) Electric 
Illuminating 

Kansai Electric Power, 
Osaka, Japan 

Commonwealth Edison, Chicago, Ill. 
Tokyo (Japan) Electric Power 

General Public Utilities, Reading, Pa. 

July 1973 Interbrabant, Schaerbeek, 
Belgium 

Electricite de France ( EDF), 
National Control Center, Paris 

Sept. 1973 Southern Services, 
Birmingham, Ala. 

Oct. 1973 American Electric Power, 
Canton, Ohio 

Philadelphia ( Pa.) Electric 

Nov. 1973 Hokuriku Electric Power, 
Toyama, Japan 

May 1974 Pennsylvania Power & Light, 
Allentown 

Sept. 1974 Carolina Power & Light, 
Raleigh, N.C. 

Dec. 1974 Bonneville Power Administra-
tion, Portland, Oreg. 

Iowa- Illinois Gas & Electric, 
Davenport, Iowa 

-On-iine functions: (bold face denotes planned functions) 

ACR 
AGC 
ASTA 
AVC 
DTA 
EC 

= automatic circuit restoration 
= automatic generation control 
= automatic system trouble analysis 
= automtic voltage/var control 
= distribution trouble analysis 
= emergency control 

EDC 
NOX 
OLF 
OPF 
OSC 
PLSC 

Computer System and On-Line Functions* 

1 GEPAC 4020 + 1 GEPAC 4060 + 2 GEPAC 4010 + data links 
to two member companies (AGC, EDC, SM, SA) 

1 SIGMA 2 + 1 SIGMA 2 + data links to four satellite 
computers (AGC, EDC, SM) 

Dual IBM 370/158 + two IBM System 7 + data links to nine 
pool member locations (AGC, EDC, SM, SA) 

Dual ARGUS 500 + data links to seven regional centers 
(SM, SA, OLF, OSC) 

1 TOSBAC 7000/20 + 1 TOSBAC 3000 (AGCt, EDC, AVC, SM, 
SA, SBC, SE, OLF) 

Duplex SIGMA 5 (AGC, EDC, SBC, SVC, SM, SA, OLF, PLSC) 

1 NORD 1 (AGC, EDC, SE, SA, EC, OLF) 

Dual IBM 370/155 + dual data links to eight member 
companies (AGC, EDC, SM, SA) 

1 HITAC 7250 + 2 HIDIC 100 + 1 HIDIC 100 + data link 
to regional office with 1 HIDIC 500 + 1 HIDIC 100 
(AGCt, EDC, SM, AVC, SA, OLF) 

1 IBM 1800 + 1 IBM S/7 (AGCt, SM, SE) 

Dual SIGMA 5 + data links to five P2000 plant 
computers (AGC, EDC, SBC, SM, OLF, OPF, ASTA, EC, 
SA, SE, SVC, ACR) 

1 HITAC 8300 + 1 HIDIC 500 + 1 HIDIC 100 + data link 
to two IBM 370/158 (AGCt, EDC, SM, SA, OLF) 

Dual SIGMA 5 (AGC, EDC, SM, SA, OLF) 
Dual TOSBAC 7000/20 + Dual TOSBAC 40C (AGCt, EDC, SM, 

SA) 
Dual SIGMA 5 + data links to PJM and three member com-

panies (AGC, EDC, SM) 

1 Westinghouse P2000 + 1 Westinghouse P2500 + 1 Westing-
house P2500 + data link to CPTE (see Apr. 1976) (SBC, 
SM, SE, SA, OLF, OPF) 

1 CII 9080 + 1 CII 9040 + dta links to five regional 
control centers (AGCt, SM, SA, SE, OLF) 

Dual IBM 370/158 + 4 ADS 900 + 1 (spare) + video data 
links to four company dispatch centers and to 13 
division control centers (AGC, EDC, SM, SA, SE, OLF) 

1 IBM 1800 + 3 HP2116B + 1 ( spare) + data link to 
1 IBM 370/165 (AGCt, EDC, SE, SA) 

Triple Burroughs 6700 + data links to two plant 
computers and to PJM (AGC, EDC, SM, SA) 

1 OTSBAC 7000/20 + 1 TOSPAC 3000 + 1 TOSBAC 40 
(AGC, EDC, AVC, SE, EC) 

Dual SIGMA 5 + data links to PJM and to six division 
offices (AGC, EDC, SBC, SM, SA, SVC) 

Dual SIGMA 5 + 2 GEPAC 3010 (AGC, EDC, SBC, SM, SA) 

Dual PDP-10 + 2 PDP-11 + 1 PDP-11 + daul GEPAC 4010 + 
dual GEPAC 3010 + 1 GEPAC 30CS + future dual SEL85 
(AGC, SM, SA, SE, AVC, OLF) 

Dual SIGMA 5 (AGC, EDC, SBC, SVC, SM, SA, OLF) 

= economic dispatch control 
= minimum NOx emission dispatch 
= on-line load flow 
= optimum power flow 
= on-line short circuit 
= pipeline supervising control 

SA 
SBC 
SE 
SM 
SVC 

t implemented by analog controller 

= steady-state security analysis 
= supervisory breaker control 
= state estimation 
= security monitoring 
= supervisory voltage control 
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In Service 

Jan. 1975 

Apr. 1975 

June 1975 

Aug. 1975 

Oct. 1975 

Nov. 1975 

Dec. 1975 

In 1976 

Apr. 1976 

May 1976 

June 1976 

Dec. 1976 

Feb. 1977 

Apr. 1977 

May 1977 

June 1977 

Nov. 1977 

Early 1978 

Company 

Sierra Pacific Power, 
Reno, Nev. 

City of Gainesville, Fla. 

Public Service Electric and 
Gas, Newark, N.J. 

Wisconsin Electric Power, 
Milwaukee 

Tennessee Valley Authority, 
Chattanooga 

Rheinisch-Westfalisches Elek-
trizitatswerk ( REW), 
Brauweiler, West Germany 

Rhode Island- Eastern Massa-
chusetts-Vermont, 
Westborough, Mass. 

Technische Werke der Stadt, 
Stuttgart, West Germany 

Middle South Services, 
Pine Bluff, Ark. 

Detroit ( Mich.) Edison 

Ontario Hydro, Toronto 
Canada 

National Power Administra-
tion, Warsaw, Poland 

Societe pour la Coordination 
de la Production et du 
Transport de l'Energie 
Electrique (CPTE), 
national dispatching at 
Linkebeek, Belgium 

Potomac Electric Power, 
Washington, D.C. 

Eastern Iowa Light & Power 
Wilton 

Chubu Electric Power, Nagoya, 
Japan 

Swedish State Power Board, 
Stockholm 

Board of Public Utilities, 
Kansas City, Kans. 

Utah Power & Light, 
Salt Lake City 

Nova Scotia Power, Halifax, 
Canada 

Kansas City ( Mo.) Power & 
Light 

Corn Belt Power Co-op, 
Humboult, Iowa 

Louisville ( Ky.) Gas & 
Electric 

Fuerzas Electricas de 
Cataluna (FECSA), 
Barcelona, Spain 

Southern California Edison, 
Los Angeles 

lberduero, Bilbao, Spain 

Computer System and On-Line Functions* 

Dual SLASH/5 (AGC, EDC, SM) 

Dual W2500 (AGC, EDC, SBC, SVC, SM) 

Dual GEPAC 4010 + 1 GE 4050 + data links to PJM 
(SBC, SVC, SM, SA) 

Quad CDC SC-1700 + daul CDC CYBER 72-13 + data link to 
Wisconsin- Michigan Power (AGC, EDC, SBC, SM, SA, SE. 
OLF, OPF) 

1 SIGMA 5 + 3 GEPAC + data links to five area 
dispatch centers (AGC, EDC, SM, SA, SE, OLF) 

Dual SIEMENS 360 (AGC1., 6M, SE, SA, OLF, OSC) 

1 GEPAC 4020 + data links to NEPEX (AGC, EDC, SM) 

1 Siemens 306 + data link to IBM 370 (SBC, SM, SE, 
SA, OLF) 

Dual SIGMA 5 + data links to three member companies 
(AGC, EDC, SM, OLF, SA, OPF) 

Dual SIGMA 5 + data link to Michigan Power (SBC, 
SVC, SM, SA, SE, OLF) 

Univac MP 11/42 + 3 NOVA 1200 (AGC, EDC, SM, SE, 
SA, OLF) 

Dual CDC SC-1774 + CDC 3170 (AGC, EDC, SM, SE, SA, 
AVC) 

Dual PDP 11/45 + data links to Charleroi regional 
dispatching (SM, SBC, SVC) 

Dual SIGMA 9 + 4 SPC 16/65 + data link to PJM + 
data link to IBM 360/65 + video data link to 
executive office (SBC, SVC, AVC, SM, DIA, 
SA, OLF) 

Dual PDP 11/35 (AGC, EDC, SBC, SVC, SM) 

TOSBAC 7000/20 + TOSBAC 7000/25 + dual TOSBAC 40-C 
(AGC, EDC, AVC, SM) 

Dual SIGMA 9 + 2 CDC System 17 (SM, AGC, SA, SE, OLF) 

Dual WP 2500 (AGC, EDC, SBC, SM, SVC) 

Dual SIGMA 5 (AGC, EDC, SBC, SVC, SM, SA, SE) 

Dual PDP 11/35 (AGC, SBC, SVC, SM) 

Dual CDC System 17 (AGC, EDC. SBC, SM) 

Dual CDC System 17 (AGC, EDC, SBC, SM) 

Dual HS 4400 (AGC, EDC, SBC, SVC, SM) 

Dual GE 4010 + dual interdata 70 (AGC, EDC, SBC, 
SVC, SM, OLF) 

Quad CDC System 17 + dual CYBER 73-16 + data links 
to eight switching centers + video data link to 
headquarters office (AGC, NOX, SM, SA, SE, OLF) 
Dual Duplex MODCOMP IV + data links to two regional 

centers (AGC, EDC, SM, SE, OLF) 
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I. (Continued) 

In Service Company Computer System and On-Line Functions* 

Mid- 1978 

Late 1978 

Early 1979 

Mid- 1979 

Late 1979 

Early 1980 

Jacksonville ( Fla.) Electric Dual PDP 11/40 + data links to distribution center 
Authority (AGC, EDC, SBC, SVC, SM) 

Hidroelectrica Espanola, Dual MODCOMP IV (AGC, EDC, SBC, SM) 
Madrid, Spain 

Public Service of Oklahoma, Dual MODCOMP IV + data links to two regional 
Tulsa offices (AGC, EDC, SBC, SM) 

Minnesota Power & Light, Duluth Dual Xerox 550 (AGC, EDC, SBC, SVC, SM, SA, OLF) 
Romergo National Load Dispatch- Dual SIEMENS 330 + data links to five regional control 

ing, Bucharest, Romania CENTERS (EDC SM SE SA) 
Gas-Elektrizitats-und Wasser- Dual SIEMENS 330 + 1 SIEMENS 330 + data links to one 

werke (GEW), Cologne, W. Germany regional control center (EDC, SM, SE, SA, OLF) 
Portland (Oreg.) General Electric Dual MODCOMP IV + video data links to six regional 

offices (AGC, SBC, SM) 
Dual SEL 32/55 + data links to NEPEX (AGC, EDC, 
SBC, SVC, SM, SE, SA, OLF) 

Dual MODCOMP IV (SM, SA, SE, OLF, OSC) 

Public Service Company of 
New Hampshire, Manchester 

Servicios Electricos del Gran 
Buenos Aires (SEGBA), 
Argentina 

Virginia Electric & Power, 
Richmond 

Taiwan Power, Taipei 
Northern Indiana Public Ser-

vice, Hammond 
Hungarian Electric Power, 

Budapest 
Florida Power & Light, Miami 

Korea Electric, Seoul 

Delmarva Power & Light, 
Wilmington, Dela. 

Connecticut Valley Electric 
Exchange System (CONVEX), 
Berlin, Conn. 

Electricity Supply Commission 
of South Africa, Johannesburg 

Florida Power, St. Petersburg 

New England Power Exchange 
(NEPEX), West Springfield, 
Mass. 

State Electric Commission of 
Victoria, Melbourne, Australia 

Agua y Energia Electrica, 
Buenos Aires, Argentina 

Dayton (Ohio) Power and 
Light 

Columbus & Southern Ohio 
Electric 

Imatran Voima, Helsinki, 
Finland 

Duquesne Light, Pittsburgh,Pa. 

Mid- 1980 Israel Electric 

Early 1981 

Italian Electric Power State 
Board (EN EL), National Con-
trol Center, Rome 

Cincinnati (Ohio) Gas & 
Electric 

Electricite de France ( EDF), 
National Control Center, 
Paris 

Dual Xerox 550 (AGC, EDC, SM, OLF) 

Dual Xerox 550 (AGC, EDC, SBC, SM, OLF) 
Dual SEL 32/55 (AGC, EDC, SBC, SVC, SM) 

Dual HIDIC-80 (AGC, EDC, SM, OLF) 

Dual CYBER 173-6 + quad CDC System 17 + data links 
to six remote offices (AGC, EDC, SBC, SM, SE, SA) 

Dual LN CP400 (AGC, EDC, SBC, SM) 

Dual CYBER 172-4 + quad CDC System 17 (AGC, EDC, 
SBC, SM, SE, SA, OPF) 

Dual PDP11/70 + dual PDP11/34 + data links to NEPEX 
+ data link to IBM 370/165 (AGC, EDC, SBC, SM, 
SA, OLF) 

Dual Xerox 550 (AGC, EDC, SBC, SVC, SM, SA, OLF) 

Dual duplex Xerox 550 + dual LN CP400 + data links to 
two distribution dispatching offices (AGC, EDC, SVC, 
SM, SE, SA, OLF) 

1 IBM 370/148 + 1 IBM S/7 + data links to four satel-
lite computers (AGC, EDC, SM, SA, OLF) 

Dual SEL 32/55 + dual MAC-16 + data links to two area 
control centers (AGC, EDC, SM) 

Dual SIEMENS 340 + 1 SIEMENS 340 + data links to six 
regional control centers (EDC, SM, SE, SA, OLF, 
OSC) 

Dual SEL 32/75 + data links to two companies (AGC, EDC, 
SBC, SM, OLF, SE, SA) 

Quad SLASH/7 (AGC, EDC, SBC, SVC, SM, SE, SA, OLF) 

Dual MODCOMP IV + 3 PDP 11/34 + data links to eight 
district centers (AGC, EDC, SVC, SM, SE, OLF) 

Dual SEL 32/75 + data links to distribution control 
center (AGC, EDC, NOX, SBC, SVC, SM, SE, OLF) 

Dual PDP 11/70 + dual PDP 11/70 + data links to two 
subsidiary control centers (AGC, EDC, SBC, SVC, 
SM, SE, SA, OLF) 

Dual DEC KL-10 + dual PDP 11/70 + data links to 
eight area control centers (AGC, EDC, SM, SE, 
SA, AVC, EC) 

Dual PDP 11/70 + data links to four remote centers 
each with PDP 11/34 + data links to two companies 
(AGC, EDC, SM, SBC, SM) 

Dual MITRA 125 + third computer 4-• dual Solar 16-40 
+ data links to seven regional control centers 
(AGC, SM, SE, SA) 
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more control centers in the U.S. will have this type of ap-
plication. 

Control-center status 

Control centers are designed for high availability, fast 
response times, and easy maintainability—requirements 
that dictate the use of more than one processor. The com-
puter configuration most commonly used in control-
center design is a dual, redundant computer system (Fig. 
2), which usually is comprised of two identical computer 
subsystems—each consisting of one processor—and 
dedicated main and auxiliary memories, as well as inter-
faces to the data-acquisition subsystem. The two com-
puter subsystems are loosely coupled via intercomputer 
communication links. Peripherals, including those needed 
for the man-machine interface, are connected via 
switchable device controllers. In variations of the basic 
configuration, more than one processor may be used for 
each half of the dual setup, a redundant dual-access aux-

iliary memory may be employed, or it may be set up as a 
tightly coupled system sharing a main memory. Another 
interesting variation, not yet in operation in a control 
center, is the "dual, duplex" system, in which each half 
of the dual configuration consists of two tightly coupled 
processors. 

In the dual-computer configuration, one subsystem, 
designated "primary," is assigned to perform all of the 
critical operating functions; the other, "secondary" sub-
system is responsible for the noncritical operating func-
tions plus off-line processing. If the primary computer 
fails, an automatic fail-over scheme will detect the failure 
and transfer all of the critical functions, hardware, and 
software to the secondary computer, which becomes the 

new primary. With this system, it is quite common for a 
critical operating function to be available 99.5-99.9 per-
cent of the time, or better. 
Standard operating systems supplied by computer 

manufacturers for today's control centers are based on 
single-processor applications and so must be augmented 
to support automatic fail-over and to maintain the 
backup posture of the secondary computer. In addition, 

(F--'ower pool 
center 
2 

further revisions may be necessary to enhance the real-
time capabilities of the operating system or to improve 
system response. 
As with any other real-time computer application, the 

response time is a very important performance criterion 
for control centers. A critical function whose response 
time is constantly being tested is the man-machine inter-
face—the cathode-ray-tube (CRT) display. In a well-
designed control center, the normal response time for a 
CRT display is less than one second, and at times of 
operating stress when computer activity is very heavy, it 
should not exceed 5 seconds. This 'requirement is impor-
tant during periods when the security of the power system 
is in jeopardy or the system is in an actual emergency, 
times when the operator is most dependent on the CRT 
display. 

The color CRT display is a universal feature of power-
system control centers. It provides practically all of the in-
teraction needed between the operator and the computer 
system and the power system itself, not only in power-
system operation, but also in support functions of soft-

ware development and in the diagnostics and maintenance 
of the control system. 

All ciurs have graphics capabilities, generally using 
special symbols; a few control centers use full graphics. 
This feature is used for displaying one-line diagrams of 
power plants, transmission stations, and transmission 
lines. 

In keeping with the high-availability criterion, CRT 

displays are provieled in redundant consoles. A console 
typically has two CRTs. In general, a control room will 
have six am; however, some control centers may include 
from 20 to 50 color CRTs. 

Prerequisites, future outlook 

Applying computers to help prevent blackouts is a dif-

ficult task. Computers can perform only what they have 
been programmed to do—and in the case of real-time 
control computers for power systems, that is only part of 
the problem. It is also necessary that accurate operating 
information be available immediately, that models used 

N'. 

41(---> Existing links 

A hierarchy in power• 
system control, based on 
organizational respon-
sibilities, may consist of a 
company. a pool. or a na-
tional control at the top 
level, power plant and 
substation controls at the 
bottom level, and several 
regional or area levels in 

4-- — ) Future developments between. 
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Computers—an aid to system operation 

Aside from the maintenance of security, which is a 
relatively recent development, there are certain 
other important operating functions that tradi-
tionally have formed the backbone requirements for 
power-system control centers. In fact, many control 
centers are built just to carry out some, or all, of 
these fundamental functions— supervisory control, 
automatic generation control (AGC), and economic 
dispatch calculation. 

Using supervisory control, a system operator can 
remotely operate circuit breakers and motorized 
switches, connect and disconnect capacitor banks 
or reactors, start up or shut down generating units, 
and change transformer-tap settings. 
The functions of AGC and economic dispatch 

calculation are part of the multilevel control hierar-
chy (see illustration on page 49) set up to adjust the 
amount of real power generated to meet the ever-
changing demands of system load. At the control 
center, the AGC function determines the change in 
load and allocates the required generation among 
the on-line generating units. The sampling time for 
AGC is of the order of a few seconds. The allocation 
signals are transmitted over communication chan-
nels to the power plants, where they are used by the 
turbine-generator controllers to adjust the outputs 
of the generating units. 

At the power plants, digital computers are rarely 
used for turbine-generator control, and their use for 
boiler control is even rarer. A recent Electric Power 
Research Institute survey of computers in U.S. 
power plants, including installations scheduled to 
1978, shows that, although plant computers have 
become mandatory for performance calculations, 
alarm monitoring, and data logging, very few are 

used for control. For fossil units, less than 20 per-
cent of the computers do any control; for nuclear 
units, no computer control is performed at all. 
Generation is allocated by the AGC in such a way 

that a higher-level objective dictated by operating 
economy and security is met. Ideally, there should 
be optimizing algorithms for generation control for 
both normal and emergency conditions. However, 
at the present state of the art, optimization of 
generation has been developed only for normal 
operation, using the criterion of minimum operating 
cost. This algorithm is commonly known as the 
economic dispatch calculation. Economic dispatch 
has had a long history of successful implementa-
tion in the power industry, from manual sliderule-
type devices to analog controllers and, eventually, 
to digital computers. 
Another important operating function is the 

maintenance of desired voltage levels throughout 
the system—which is generally accomplished by 
local devices. The automatic control of system 
voltage from a control center is not yet a common 
practice. In centers with this control the determina-
tion of voltage settings, or, alternatively, the alloca-
tion of reactive power, is the result of an optimiza-
tion program where the objective function is either 
system losses or the sum of absolute voltage devia-
tions from a desired voltage profile, or a weighted 
combination of both. In some centers, the voltage 
is controlled manually via supervisory control of 
transformer taps or shunt capacitors. 

Finally, computers at control centers are also 
used for a host of off-line support functions needed 
for operations planning, engineering studies, and 
operator training. 

by the program faithfully represent the relevant operating 
conditions, and that the programs produce outputs fast 
enough and dependably enough to be of timely value to 
the person making the decisions—the operator. 
We still do not have all of the monitoring and control 

programs that we would like to have. There are still pro-
blems in system instrumentation and in telemetry, to a 
central location, not only of system-dynamics data but 
even of steady-state data. We have serious difficulties in 
modeling, and in keeping the models we develop up to 
date. As we add more computer functions, especially 
those involving system dynamics, we find it increasingly 
difficult to guarantee, with existing hardware and soft-
ware design, the fast response times required. And, final-
ly, even if we succeed in having the programs, system in-
formation, models that can be updated, and a high-
performance computer system, we will still be confronted 
with the fundamental problem of producing outputs. The 
physical limitations of the power-system structure—due 

to a variety of technical, economic, environmental, and 
other factors such as interminable delays in construc-
tion—have so narrowed down or eliminated our control 
options that we would be fortunate to find a feasible solu-

tion, let alone an optimal one. 
In spite of these problems, and considering decision-

making or control in real time, the computer does play a 
vital role in power-system operation and in the prevention 
of blackouts. And security analysis, in its two functions 

of contingency »evaluation and preventive action, should 
prove to be the most valuable tool for avoiding emergency 
situations. True, emergency control is a necessary 

operating function, but in this writer's view more em-

phasis should be placed on prevention—on doing 
something in advance, rather than on frantic, last-ditch 
efforts, such as load shedding, when an emergency 
already has occurred. In many sections of the industry, 
the primary interest is still in voltage reduction and load 
shedding. It is encouraging to note that more and more 
control centers are moving in the direction of implemen-
ting security functions. It is also encouraging that 
research efforts are being or will be directed to the 
outstanding problems of system security, particularly by 
the U.S. Department of Energy and the Electric Power 
Research Institute. 
As security functions improve and expand in scope, the 

value of power-system control centers in maintaining and 
improving the already remarkably high level of electric 
service reliability will be further enhanced. • 

Tomas E. Dy Liacco ( F) pioneered the adaptive-
reliability control system concept in 1966—which 
brought him the IEEE Power Engineering Society's 
Prize Paper Award for 1967, as well as world fame. 
His concept was further implemented at the 
System Operation Center of the Cleveland Electric 
Illuminating Company, Cleveland, Ohio, where he is 
principal systems engineer. He also serves as ad-
junct professor at Case Western Reserve University 
in Cleveland. He received the B.S.E.E. and B.S.M.E. 
degrees from the University of the Philippines in 
1940 and 1941, respectively, and the M.S.E.E. 
degree from the Illinois Institute of Technology in 
1955. He was awarded his Ph.D. in 1968 by Case 
Western Reserve. 
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PERSPECTIVE 

Solid state 

Large-scale integration: 
intercontinental aspects 

Factors affecting the competitive positions of U.S., Japanese, 
and European firms include current business and economic climates 

Ever since the invention of the integrated circuit (lc) and 
the silicon planar process, semiconductor producers in the 
United States have dominated the world markets for ics, 
especially at the leading edge of each new generation of 

technology. This is certainly the case today for products 
of large-scale integration (Lsi) complexity. But there are 
increasing signs that things might be changing. 

Competitive memory products are now being produced 
in substantial quantites in Japan, and there is a growing 
interest by European companies in acquiring a stake in 
U.S. semiconductor companies. A key question is 
whether the global domination of the industry by U.S. 
companies will be seriously threatened, particularly as the 
very-large-scale integration (vt.sl) era approaches. 

The popular but simplistic view—widely held outside 
the United States—is that the U.S. domination of this in-
dustry has been based primarily on very substantial and 
continuous financial support from the U.S. Government, 
primarily through contracts. Whereas this funding has 
obviously been important, the real foundations of this 
success are far more complex and need to be understood 

in detail before the outcome of the impending intercon-
tinental Lsi/vt.sI battle can be correctly forecast. 

Indeed, any prognosis of future structural 
developments in this industry must begin with an 
understanding of the principal historical forces that have 
molded the industry into its present form. The reason, 
quite obviously, is that the important strategic influences 
now emerging will continue to be affected by those 
historical forces for the foreseeable future. 

After looking at the historical development of the 
semiconductor industry in general, and ICs in particular, 
in the United States and Europe, it will be possible to 
identify the key factors that have led to the current U.S. 
domination of world lc markets. Then it will be possible 
to examine the new strategic forces now gathering 

momentum, and to project the future for ic producers as 
we enter the vt St era. 

Origins of the semiconductor industry 

As is well known, the germanium transistor first went 
into high-volume production in the 1950s. Its most im-
mediate application was in cheap, portable radios; the na-
tion that seized this opportunity most effectively was 
Japan, which possessed at that time the considerable ad-
vantage of low labor costs. However, Europe (and Philips 
in particular) was not left far behind. 

In the United States, the gleam in the electronics in-
dustry's collective eye was not caused by radios, largely 

I. M. Mackintosh Mackintosh Consultants 

because of the high U.S. labor costs. (The idea of moving 
labor-intensive assembly operations off-shore had not yet 
been tried.) Instead, the greatest need (what we might call 
the "user-pull," as distinct from the "maker-push," ef-
fect) for the transistor was mainly in the defense and 
aerospace sectors- 1957 being the year of the Sput-
nik—and in the infant computer industry. The demands 
of these military and industrial sectors for devices of 
higher performance and reliability thus led in time to the 
emergence of the silicon transistor and later to integrated 
circuits—both developed by U. S. companies. 
The final effects of these original, basic reactions to the 

advent of the transistor were as follows: 
I. The Europeans and Japanese became strong in ger-

manium technology and in the main types of equipment 
(i.e., consumer electronic products) that were based, at 
that time, on germanium transistors. 

2. The U.S. became preeminent in silicon technology 
and in the main types of equipment based on it. 

3. These distinctive postures, originally taken up 15 to 
20 years ago, still pertain today: The Europeans and 
Japanese lead by a significant margin in most aspects of 
consumer electronics and the U.S. continues to dominate 
every other sector of the electronics industry. 

Benefits of industrial synergism 

What can be learned from this brief historical review is 
that a significant factor in shaping the development of the 
electronics industry in different geographic regions has 
been industrial synergism—the mutual interdependence 
of different industrial sectors and, in particular, of the 
equipment and component sectors of the industry. 
With the advantage of this historical perspective, the 

principal factors that have affected—and in most cases 
will continue to affect—the development of the global IC 
industry can be identified. Almost from its beginning, the 
U.S. semiconductor industry as a whole has received 
substantial and broadly based support from various 
Government agencies. It has been estimated that between 
1958 and 1974 this support totaled about $900 million for 
research and development alone, representing a subsidy 
of the cost of U.S. semiconductor innovation to the tune 
of about $55 million per year (in the terms of, say, 1965 
average dollar values). 

It is clear that financial support from public funds on 
such a large scale has grossly distorted normal competitive 
conditions and commercial criteria in this industry in the 
United States, and it is difficult to imagine, therefore, 
how any other nation could succeed without providing 
comparable support to its own indigenous industry. 

The general, theoretical benefits of industrial synergism 
are familiar. However, it is useful to emphasize the par-
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ticular importance of synergism in the development of the 
global IC industry. 
The well-known learning curve for silicon transistors 

and ics reveals the systematic relationship between price 
and cumulative production experience. From that and 
other sources, it is possible to generate the price-trend 
curves (Fig. 1) for three silicon devices of progressively in-
creasing complexity—the diffused silicon transistor, the 
"average" lc as defined by the learning curve, and the 
most recent 1-kilobit dynamic RAM. 
Or consider the changes that have taken place in the 

performance/cost ratio of computers over the past 15 
years or so. Figure 2 is a curve developed for the Rand 
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[1] Typical price trends for silicon devices. 

[2] Cost trends for high-performance general- application 
computers. 
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Corporation. It shows the cost in dollars per million in-
structions per second (MIPS) for high-performance 

general-purpose computers for the years 1960-1990. Note 
that there is, so far, only one working version of the Illiac 
IV computer, and the 100-MIPS and 10 000-MIPS pro-
cessors have yet to be developed. 

Figure 3 shows the curve redrawn to give the greatest 
weight to actual, well-documented cost data. It is com-
pared with the data from Fig. 1, normalized in time so 
that the prices are related to the number of years since 
production introduction. 
The correlation between these two curves is striking, 

and proves what every ic engineer has always inàinctively 
believed—that the computer industry's spectacular 
growth has been due mainly to its ability to produce 
equipment that could compute at ever-increasing speeds 
and reliability levels, and ever-decreasing cost and size. 

Essentially, all of these attributes have stemmed from ad-
vances in silicon technology. 

But there is another side to the coin. Figure 4 shows the 
growth of the total U.S. consumption of monolithic 
silicon ics over the period 1964-1976, with digital ics in-
dicated separately. Most of these digital ics were used in 
computing equipment of all kinds (including military). 
The conclusion is inescapable: Just as the U.S. com-

puter industry's growth has been critically dependent on 
the availability of increasing numbers of ever-improved 
ics, so has the spectacular growth of the U.S. IC industry 
depended to a very high degree on having a large, in-
novative, and "local" computer market eager to use its 
rapidly developing semiconductor capabilities. 

This growth of the lc industry in the United States must 

be regarded as a particularly convincing example of the 
benefits of industrial synergism, and leaves no doubt that 
the simultaneous U.S. domination of the integrated cir-
cuit, computer, and professional electronics sectors are all 
part of the same basic phenomenon. This is the main, 
though not the only, reason that the United States 
dominates the worldwide lc business. The corollary is that 
the absence, until recently, of such synergetic user in-
dustries outside the United States has been the principal 
reason for the European and Japanese lc producers' early 
lack of success. 

Technological innovation 

Although innovation has been a major strategic factor 
in the growth of the international semiconductor in-
dustry, and will continue to be for the foreseeable future, 
the key elements of innovation are development and 
marketing, not basic research. In fact, there is no correla-
tion whatever between the commercial success of an lc 
company and the quality of its basic research program. 
Historically, an ability to recruit key personnel has been 
much more important. 

Disciplined in-house development of processes and pro-
ducts has been, and will remain, a key factor in any 
semiconductor company's success. However, for product 
development work to be relevant, the company must com-
pete actively in the world's most innovative markets for 
those products—wherever those markets may be. 

In Europe and Japan the process of innovation in the 
field of advanced semiconductor components has been 
hindered, until recently, by the relative absence of in-
novative user-pull markets and—especially in Europe—by 
too much emphasis on basic research and too little on 

development and marketing. 
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A recent development of enormous significance, and an 
excellent example of the innovative strengths of the U.S. 

lc industry, is the microprocessor. Its strategic impor-
tance stems mainly from its great commonality of applica-
tion (Fig. 5), which allows Lsi products to break out of the 
vicious circle of greater complexity—fewer applica-
tions—higher cost. The microprocessor offers as big a 
step forward for digital systems as did the original in-
tegrated circuit. Yet is is symptomatic that in this product 

area Europe has an almost insignificant capability so far, 
whereas Japan is already beginning to produce 
microprocessors on a modest scale. 

Market factors 

Access to large and innovative (user-pull) markets is a 
key factor influencing success in the lc business. Today, 

both Japan and Europe finally have developed large and 
innovative markets in the consumer electronics sector, but 
not in other industrial sectors. Hence, these non-U.S. 
producers have no choice but to aim for the maximum 
possible penetration of export markets. By and large, this 
means attacking the U.S. market; the beginnings of this 
attack are already giving cause for concern to some U.S. 
ic producers. 
Table I shows Mackintosh estimates of the 1965, 1975, 

and 1985 markets for ics in Europe, Japan, and the 
United States, in both absolute and per-capita terms. The 
preferential future growth rate of the Japanese and Euro-
pean markets is worth noting. Naturally, the high per-
capita usage in Japan is related to high production of elec-
tronic goods containing ics. 

Industrial structure 

Major differences exist between the structure of lc 
companies in the U.S. and those in other countries. In 

[3] Comparison of computing and silicon- device costs. 
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both Europe and Japan, the bull( of the current ic 
capability resides within vertically integrated and highly 
structured companies, whereas in the U.S., with the ex-
ception of organizations such as IBM and Western Elec-
tric, most of the 1c capability resides in companies where 
the semiconductor activity is the major part of its total 
industrial commitment. 
Some blurring of these historically sharp differences 

has recently occurred through the various vertical integra-
tion moves that several U.S. component and equipment 
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[4] U.S. consumption of monolithic integrated circuits. 

[5] Complexity versus commonality. 
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I. Comparison of IC usage trends 

Estimated Total IC 
Consumption 

(millions of dollars) 

Per Capita IC 
Consumption 

(dollars) 

1965 1975 1985 1965 1975 1985 

U.S.A. 60 1200 3500 0.3 5.7 15.9 
European 
Economic 
Community 4 480 2200 1.9 8.5 

Japan 7 480 1900 4.4 16.2 

companies have made. In fact, the whole question of ver-
tical integration is of great importance, and correspon-

dingly great complexity. 
In general, it is the writer's view that the vogue for ver-

tical integration is an irrelevant diversion in the long-term 
development of the electronics industry. We live in an age 
of specialization, and it has for a long time been difficult 
to accept that lc companies can, for example, sell watches 

better than the established specialists. It has been equally 
difficult to accept that minicomputer companies can suc-
ceed in establishing and maintaining a cost-effective 
semiconductor capability over the long term. 
Of course, there are the notable exceptions of IBM, 

Texas Instruments, and one or two others that seem to 

disprove the Mackintosh General Theory of Vertical 
Disintegration—i.e., the general hypothesis that vertical 
integration, by and large, is a snare and a delusion. 
However, apart from some special circumstances mainly 
centered on the microprocessor, this writer believes that 
of all the vertical integration activities, upward and 
downward, now going on in many parts of the world, on-
ly a few will turn out to be successful in the long term. 

Management and people 

Anyone who has worked extensively in the electronics 
industry, inside and outside the United States, will 
recognize that there often exists in other countries a real 
sense of inferiority about U.S. management skills. It is 

not just the general aura of infallibility surrounding, for 
example, a Harvard M.B.A., but the sheer bewilderment 
with which the typical non-U.S. electronics executive 
compares his apparent performance with that of his U.S. 

counterpart. This supposed infallibility is a misconcep-
tion. 
Table II, by and large, reflects the ability of U.S. 

management to bridge the gap between radically different 

II. Leading U.S. manufacturers 

Tubes 
1955 
Transistors 

1. RCA 
2. Sylvania 
3. GE 
4. Raytheon 
5. Westinghouse 
5. Amperex 
7. National Video 
8. Ranland 
9. Eimac 

10. Lansdale Tube 

Hughes 
Transitron 
Philco 
Sylvania 
Texas Instruments 
General Electric 
RCA 
Westinghouse 
Motorola 
Clevite 

technologies (vacuum tubes to germanium; germanium to 
silicon). Only one of the top ten U.S. vacuum-tube 
manufacturers in 1955 (RCA) has survived as a significant 

IC producer today. 
The inescapable conclusion is that, popular opinion 

sometimes to the contrary, U.S. companies in general do 
not have a good track record in the management of elec-

tronics technology. A few, however, have obviously ex-
hibited very impressive skills, and it is these successful 
managements, of course, on which the U.S. domination 
(and reputation) is based. What it all adds up to is that the 

United States' overwhelming success in the ic business has 
been, not surprisingly, something of ,a statistical 
phenomenon. With so many companies starting up, in 
such favorable conditions, some at least were likely to 
succeed in a big way. And some certainly did. 
There are some other advantages that U.S. manage-

ment has enjoyed. The distinguishing organizational 
feature of the successful U.S. semiconductor companies is 
that they are geared to react swiftly to new developments. 
They are also, in many cases, led by an impressive new 

breed of technical entrepreneurs who are skilled at this 
particular trade. In comparison, European and Japanese 
semiconductor companies have often been too ponderous 
in their decision-making and have sometimes been man-
aged by individuals whose understanding of the semicon-
ductor industry was somewhat less than perfect. 

In the last analysis, the IC industry, like every other, 
depends on the right people being motivated in the right 
way to do the right job. In this sense, the United States 
has so far had most of the advantages since the evidence is 
very strong that entrepreneurial drive and freedom are 
essential conditions for success in the tc industry, and 

these are qualities that seem to thrive preferentially in the 
country's relatively laissez-faire economy. 
The United States has also had a major advantage in 

the fortuitous combination of a high rate of personnel 
mobility with the existence of several large and highly 
capable research laboratories that have acted as national 
generators of technology and technologists. Thus, its dif-
fusion of technology has occurred mainly through the dif-
fusion of people, and the commercial exploitation of new 

techniques has rarely been inhibited for long because the 
possessor of know-how and the would-be exploiter could 
not make common cause. 

In comparison, both Europe and Japan exhibit a con-
siderably lower degree of personnel mobility, with the 
result that companies must rely on—and pay for—an in-
house program of research and development that is pro-
portionately much larger. 

1960 
Semiconductors 

1965 
Semiconductors 

1975 
Integrated Circuits 

Texas Instruments 
Transitron 
Philco 
General Electric 
RCA 
Motorola 
Clevite 
Fairchild 
Hughes 
Sylvania 

Texas Instruments 
Motorola 
Fairchild 
General Instruments 
General Electric 
RCA 
Sprague 
Philco/Ford 
Transitron 
Raytheon 

Texas Instruments 
Fairchild 
National Semiconductor 
Intel 
Motorola 
Rockwell 
General Instruments 
RCA 
Signetics ( Philips) 
American Microsystems 
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Another, indirect, consequence of high personnel 

mobility in the U.S.—particularly of technical and 
managerial personnel—has been the emergence of what 

can be called "skill clusters." So far as electronics is con-
cerned, this can be applied to such centers as Boston's 
Route 128 and—of particular relevance today—to such 
areas of semiconductor expertise as "Silicon Valley" in 
California. (This phenomenon of skill clusters is by no 
means new. London's Savile Row tailors probably 
started the fashion about 200 years ago.) 

It is abundantly clear that the existence of Silicon 
Valley confers important advantages on the lc companies 
that operate there, particularly in regard to the high (but 
informal) level of localized communication and debate, 
and to the availability of the strong common-services in-
dustry that has developed in that area. 

Future prospects 

It is not the aim here to provide a detailed forecast of lc 
technology per se, although in fact future technological 
developments will profoundly influence any strategic 
forecast of the lc industry. To that end, the evidence is 
now strong that a new high-resolution lithographic 
technology will emerge within the next few years, based 

probably on electron-beam techniques. 
This VLSI technology will find application first in cir-

cuits requiring vast numbers of components (principally 
memory, microcomputers, and imaging), but will later be 
used also for numerically more mundane applications 
since by then the production economics will strongly 

favor VLSI against more classical technologies. 
One major change that will occur within a few years is a 

substantial increase in the investment required to compete 
at the "leading edge." The industry will thus begin to 
move into an era in which the sheer size of the initial 
financial commitment will provide a stabilizing feedback 
effect, and there will be fewer opportunities for spin-offs 
to leapfrog into prominence by means of some astute 

technical, marketing, or economic stratagem. With this 
general scenario, then, the probable future changes in ten 
key strategic factors can be considered (Fig. 5). 

1. Critically important synergism with major in-
dustries. 

2. Large and innovative domestic markets. 
Much of the future growth in the world's markets for 

electronic functions is likely to be in domestic and 
personal-product sectors, not industrial. Despite the 
maker-push effect that the U.S. 1c industry has so far ex-
erted in such products as calculators, electronic watches, 
and video games, it is in just these areas of consumer, 
automotive, and personal electronics that Europe and 
Japan are strong. Thus, their budding ic industries have 
the prospect of the kind of critically important synergistic 
relationship with major user industries that the U.S. ic in-
dustry has enjoyed with its data-processing customers. 

In addition, there is certain to be substantial growth, in 
both Europe and Japan, in "protected" applications like 
the telecommunications and "national" computer in-
dustries. Overall, then, there will be selective growth of 
the lc markets in Japan and Europe—much of it in user 
companies that, by corporate inclination or national 
preference, will tend to select "local" suppliers, all other 
things being equal. As a result, Japan and Europe will en-
joy much greater parity with the U.S. in these areas. 

3. Substantial government support over many years. 

Until quite recently, the importance of government 
support had not been understood properly by the govern-
ments of many advanced nations, although things are 
now changing rapidly. In Europe, for example, the 
British, French, German, and Italian Governments are all 
beginning to talk about—and in some cases ac-
tivate—plans to provide support that is typically in the 

$50-100 million range, and spread over four to five years. 
In Japan, there is, of course, the famous VLSI program 
about which it is very difficult to obtain hard facts. Our 
own best estimate at Mackintosh Consultants is that the 
purely Government funding for this project is about $65 
million (in 1978 dollars) a year. There is little doubt that it 
will continue at about this level well into the 1980s. 

In any event, several governments are beginning to sup-
port their indigenous lc industries with meaningful sums 
of money, so the United States' long-standing advantage 
in this respect will diminish, although substantial support 
of the U.S. industry can be expected to continue. 

4. Suitable business climate for entrepreneurs. 
5. Availability of substantial venture capital. 
So far as the business climate is concerned, despite the 

probable stabilizing influence of the advent of VLSI 
technology, the entrepreneurial touch will remain an im-
portant ingredient of success in the lc industry. Long-
term success will go only to those who can afford to ex-
ploit fully the most complex industrial technology yet 
devised, and who know how to do so. The multisector 
conglomerate will tend to lack the total commitment to 
success that is found in the specialist lc companies. 
The U.S. will continue to have the edge over both 

Japan and Europe, where large corporations are unlikely 
to allow their semiconductor managers the same freedom 
of decision that their U.S. counterparts enjoy. 

Nevertheless, the opportunities for new enterpreneurs 
in the United States will diminish as risks exceed accep-
table limits. (Indeed, this has already been observable for 
some time, since there has been a sharp reduction in the 
number of new semiconductor companies.) 

In both Japan and Europe, the financial community 
historically has been markedly unadventurous about pro-

[6] The shifting balance of advantage. 
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viding venture capital, and this situation is unlikely to 

change in the foreseeable future. On the other hand, the 

fact that the lc capability in these countries is mainly con-

trolled by large companies could be an advantage because 
most will be capable of funding VLSI tech-

nology—especially with the aid of government support. 

The resource question, therefore, seems likely to become 

fairly evenly balanced in the future among the U.S., 

Europe, and Japan. 
6. Enough good management in enough good com-

panies. 
In this writer's assessment, there is no significant dif-

ference between the inherent capabilities of executives in 

these different countries; managements in each of the 
countries seem to be about equally skillful (or in-

competent) at creating commercial success from this 
esoteric semiconductor technology. 

7. Existence of large, capable research laboratories. 
8. Mobility of technical and managerial personnel. 
9. Skill clusters (e.g., Silicon Valley). 

Taking the United States first, it is unlikely that its 
strength will diminish significantly in any of these areas. 

While there may well be some reduction in the amount of 
basic research carried out, this will be more than offset by 

increases in applied research in areas such as vt_si tech-
niques, product testing, and .software problems. Person-

nel mobility will certainly remain high, and it is very 
unlikely that any of the important • U.S. skill 
clusters—whether they are called Silicon Valley, TI, IBM, 

Bell Labs, or whatever—will disappear. 
In Japan, a systematic build-up of the national research 

capability has been under way for many years and will un-
doubtedly continue. For reasons that are well known, per-

sonnel mobility is low in JaPan. This may change as joint 
ventures, company mergers, and Government policies 

slowly blur individual corporate identities, and increasing-
ly permeate the Japanese way of life. As for skill clusters, 

the Japanese electronics industry is already mainly confin-

ed to the two metropolitan areas of Tokyo and Osaka. 
This clustering will be reinforced by an increasing number 

of cooperative industrial R&D activities, such as can 
already be seen in the VLSI program. 

In Europe, however, things look distinctly worse. The 

United States and Japan are single nations, each with a 

single language, national sense of commitment, set of 
laws, customs, and cultural attitudes, whereas Europe 

represents a set of highly individualistic nations, each with 

its own language, national objectives, and way of doing 
things. Although this is so obvious that it may not even be 

mentioned, these factors are often overlooked. 
Yet, because of the various differences that exist and 

the additional rivalries that occur as a result, there is not 
yet such a thing as a true Common Market, in spite of all 
of the efforts in that direction. Even such neighboring 

markets as France and West Germany can represent as 
great a problem in interaction as a far distant market like 

the United States. 
With the exception of Philips, the semiconductor in-

dustry basically consists of a number of producers that 
are predominantly national in nature, each of which is 
organized principally to serve the needs of its own na-
tional markets. One of the liabilities that results from this 

situation is that Europe has nothing remotely to compare 

with California's Silicon Valley, nor is it likely that any 
meaningful geographical skill clusters will ever develop in 

the European lc industry. 
For that same general reason, personnel mobility in 

Europe is also low, inhibited by both employment tradi-
tions and national boundaries, and is unlikely to increase 

significantly. However, the European research capability 

in solid-state electronics has always been high, though 

often commercially ineffective because it is unable to 

bridge the gap between science and sales. This research 
capability will improve due to increasing government sup-

port, and increasing cooperation both among European 
laboratories and with laboratories outside Europe. 

10. Good fortune—including cheap energy and enor-

mous international economic strength. 

This really warrants a complete article in its own right if 
its relative importance is to be assessed accurately, but a 

few key points can be summarized briefly. 

In the years since the end of World War II, the United 
States has dominated the economic health of the 

Organization for Economic Common Development 

(OECD) nations. This strength has been founded primari-

ly on cheap energy, abundant natural resources, and a 
large enough population for the producers of manufac-

tured goods to enjoy the benefits of considerable 
economies of scale. 

Meanwhile, other nations—Germany and Japan, in 

particular—have been recovering from the ravages of 
war, and one of the pillars of U.S. economic strength has 
eroded as the dramatic increase of oil prices has coincided 

with the gradual depletion of U.S. oil resources. For the 
future, therefore, there is likely to be a much greater 
balance of economic strength among the United States, 

Europe, and Japan (Fig. 6). 

What the future holds 

There are many remaining strengths of the U.S. IC in-

dustry—such as its immensely strong technological base, 
its position on the learning curve, and management-in-

depth. Also, European and Japanese management will 

still suffer from important liabilities such as the relative 
absence of entrepreneurial freedom. But even allowing 
for all this, there can be no doubt that the advantage is 
now beginning to swing away from the United States. 

Fr this reason, in the vi,si era U.S. producers will face 
problems of daunting magnitude in maintaining global 

market share and innovatory leads against escalating 
transatlantic and transpacific competition. The most 

probable prognosis is that U.S. domination of this 
critically important industrial sector will eventually disap-

pear, to be replaced by a condition of approximate parity 
between the United States and Japan, who may possibly 

be joined somewhat later by Europe. • 

This article is based on Dr. Mackintosh's keynote address to the International 
Solid-State Circuits Conference held February 1978 in San Francisco, Calif. 
The author wishes to thank the West German BundeSMiniSteriUm fur 
Forschung und Technologie for permission to draw on some of the data 
prepared ter them under contract by Mackintosh Consultants. 

I. M. Mackintosh (SM) formed Mackintosh Con-
sultants, Ltd., in 1968, following stints as general 
manager at Elliott-Automation Microelectronics 
and as department manager in the Westinghouse 
Central Research Laboratories. During the 1950s, 
he was with Bell Laboratories in Murray Hill, N.J., 
and in 1957 published a paper describing his 
development of the first PNPN triode. Dr. Mackintosh 
served as industrial advisor to the U.K. delegation 
to OECD in its study of the technology gap. 
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Vehicular Technology Conference- Mar. 22-24, 
1978 (Record) No. 78CH1297-1 VT 

Very Large Data Bases, International Conference 
on-Oct. 6-8, 1977 (Record) No. 77CH1268-2 C 
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The Inventions, Researches and 
Writings of Nikola Tesla. Martin, T. 
C.— Omni Publications, Hawthorne, 
Calif.. 1977. 496 pp.. illus.. $ 10.00. 
Lightning in His Hand: The Life Story of 
Nikola Tesla. Hunt, I., and Draper, W. 
W.— Omni Publications, Hawthorne, 
Calif.. 1977, 269 pp.. illus., $8.95 
The republication of these two books 
serves to remind us that an adequate 
biography of Nikola Tesla, a major figure 
in electrical engineering history, re-
mains to be written. Unfortunately. the 
same may be said for numerous other 
electrical pioneers, such as Elihu Thom-
son, Charles P. Steinmetz, and Arthur E. 
Kennelly. 

In the case of Tesla, what is needed is 
an informed interpretation of his 
technical achievements and failures and 
how they relate to his speculative 
theories and to the work of such contem-
poraries as Thomson and Steinmetz. His 
inventive style and his relationships to 
financial patrons and the emerging EE 
profession might be contrasted with 
those of Edison and others. A sound 
biography would reveal in Tesla a com-
plex personality engaged in designing 
novel power systems and experimenting 
with spectacular physical phenomena 
that were poorly understood at the time. 

Tesla seems an especially interesting 
example of what can happen to the pro-
fessional reputation of a gifted in-
vestigator who is left behind by a revolu-
tion in scientific paradigms. He clung 
doggedly to perspectives that were ap-
propriate in the early 1890s but that 
seemed naive to professional scientists 
after 1900. The ingenious demonstra-
tions and confident forecasts of 
marvelous applications of his 
discoveries that attracted large au-
diences in 1893 were no longer taken 
seriously in the 20th century. Neither 
Tesla nor his zealous defenders ever 
understood why he was generally ig-
nored or subjected to ridicule during his 
later years. It is understandable that 
they came to believe that there was a 
conspiracy, a thesis that has permeated 
many of the books and articles about 
Tesla. 

The Martin book is a photo-process 
reprint of a book originally published in 
1894. Its value would have been en-
hanced by a new introductory essay and 
bibliography listing relevant publica-
tions on Tesla since 1894. Essentially. 
the only difference from the original edi-
tion is the dust cover— which not only 
does not provide information on the 
price of the reprint or why the book was 
selected to be reprinted, but even 
misspells Teslas name as Nicola. 
Nevertheless, it is a book that many EEs 
should enjoy reading and who may not 
have access to the original. 

At the time Martin's book was pub-
lished, Tesla was near the peak of his 
professional reputation following 
several virtuoso lecture demonstrations 
of physiological and diverse plasma-
discharge effects produced by high-

frequency and high-voltage sources. 
One of his lectures, given in St. Louis 
early in 1893. had attracted an audience 
of more than 5000, and a popular exhibit 
of his inventions had been shown at the 
great Columbian Exposition in Chicago 
in 1893. The polyphase power system 
commonly associated with his name 
had been selected for use in the epic 
hydroelectric development at Niagara 
Falls. Tesla was awarded honorary 
degrees by both Yale and Columbia dur-
ing 1894. 

Slightly more than half the pages of 
the Martin book are devoted to reprints 
of four of Teslas lectures and a few 
minor papers. The remainder consists of 
Martin's own Interpretation of Testas in-
ventions and discoveries. The engineer 
who reads this book may be quite sur-
prised that neither Tesla nor Martin 
employed mathematics or even phasor 
diagrams in their discussions of 
alternating-current systems. The con-
trast with the contemporary papers of 
Steinmetz is quite striking. The role of 
Martin in helping to build Teslas 
prestige has perhaps not been ap-
preciated sufficiently. It was Martin who 
evidently persuaded a reluctant Tesla to 
present two of his key papers before the 
AIEE in 1888 and 1891. The first was on 
Teslas polyphase system and motors 
and the second on the remarkable high-
frequency effects he had produced. 
As editor of the Electrical Engineer. 

Martin published frequent accounts of 
Teslas work in addition to editing this 
book. The book sold well, but Martin 
later complained that he had loaned all 
he had received for it to Tesla " so that 
two years of work went for nothing." 
The better of two books on a subject 

is not always the one most recently writ-
ten. The biography by Hunt and Draper 
originally was published in 1964. In a 
forthcoming paper. I deliberately omit-
ted it from a list of books recommended 
for a self-study program in electrical 
history for the contemplative EE. After 
again reading the book for this review, I 
have found no reason to alter my assess-
ment. 
The book well illustrates why the 

aspirant biographer of a scientist or 
engineer should have special qualifica-
tions for the task other than an en-
thusiastic interest. In this case, the 
authors were unable to deal successful-
ly with the technical aspects of Teslas 
work and the result was a superficial 
and sometimes mistaken interpretation. 
Their account is somewhat better when 
dealing with Teslas "dark corridors of 
compulsion and phobias" (page 107) or 
the " charlatans, crackpots, and the 
fanatics" who were attracted by Tesla. 
(page 148). 
I would recommend that the inter-

ested engineer, instead of buying this 
book, read Gordon Friedlander's essay 
on " Tesla: eccentric genius" in the June 
1972 issue of Spectrum and wait for a 
biography that satisfies at least some of 
the criteria suggested above. I did like 
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• ELECTRICAL DESIGN ENGINEERS 
• PROGRAMMERS/SYSTEMS ANALYSTS 

Work with the people who have 
revolutionized the banking business: 
NCR-Dayton. 

EDP Terminals for 
Financial Institutions 

NCR business computer systems 
have changed the financial picture so 
radically that yesterday's bankers 

and financiers wouldn't 
recognize their businesses 

today. At NCR-Dayton, our 
part in that transformation is 
a lineup of financial terminals 

of such versatility and 
performance, they have made 
possible new banking and 

financial services which have 
motivated new marketing concepts 

for financial institutions. That, of course, 
opens up larger marketing potentials for us. And greater 

career potentials for you. 

We're now designing new advances in EDP terminals with greater 
computing and communications power, to maintain NCR's leadership 
position in business and financial systems. To accomplish our 
objectives, we're enlisting the best of the field of electrical design 
engineers and programmer/analysts. If you'd like to join one of the 
computer industry's Big Three, the one that has revolutionized the 
banking and retail businesses, we invite you to investigate these 
openings. We have opportunities at all levels . . . from trainees to 
project leaders in the areas listed below. BS in EE, CS, or related field is 
required, with or without experience. We'd like to hear from 
recent graduates. 

Electrical Design Engineers 
• Microprocessor Applications 

• Digital and Analog Circuits 

• Electrical Control Circuitry 

• Terminal Peripherals 

Familiarity with microprocessor 

programming helpful for all 

positions. 

Programmers/Systems 
Analysts 
• Microcomputers 

• Minicomputers 

• Operating Systems 

• Distributed Processing Systems 

• Communications Software 
Requires background with 8080 

Assembly and COBOL language. 

We offer an outstanding compensation and benefits 
package with a fine environment in which to work 
and live. Please forward your resume, indicating 
salary requirements, to: 

Mrs. Judith E. Chorazewitz 
Engineering & Manufacturing-Dayton 
Employment Dept. S-6 
NCR Corporation, Dayton, Ohio 45479 

N 
An Equal Opportunity Employer 

the dedication by Hunt and Draper, 

which reads: " Dedicated to the technical 

poets who, fortified by calculus, express 

themselves in dynamos and turbines 

rather than in drama and verse—the ar-

chitects of today's culture." 
James E. Brittain 

Georgia Institute of Technology 

Atlanta, Ga. 

Recent books 

Unified Planning and Budgeting in a Free 
Society: A Short Treatise on How to Look at 
Programs and Budgets as a Whole. Shaller, H. 
I.—Oakview Book Press, P.O. Box 990, 
Adelphi, Md. 20783, 1976, 95 pp., $ 15.00. 

Digital- Integrated- Circuit, Operational-
Amplifier, and Optoelectronic Circuit Design. 
Ed. by Norris, B.— McGraw-Hill Book Co., New 
York, 206 pp., illus., $ 16.50. 

Quieting: A Practical Guide to Noise Control, 
NBS Handbook 119. Berendt, R.D. and Corliss, 
E.L.R.—U.S. Government Printing Office, 
Washington, D.C., 1976, 163 pp., illus., $5.10. 

ADDbook ONE: Experiments in Digital and 
Analog Electronics. Malmstadt, H.W., Enke, 
CG., and Crouch, S.R.—E&L Instruments, 61 
First St., Derby, Conn., 06418, 1977, 400 pp., 
figs., $ 17.00. 

Publications of the National Bureau of Stan-
dards: A Compilation of Abstracts and Key 
Word and Author Indexes, 1976 Catalog, SP 
305, Suppl. 8. Ed. by Burris, B. L.—U.S. Govern-
ment Printing Office, Washington, D.C., 1977, 

729 pp., $8.25. 

Solid-State Circuit Design User's Manual. 
Mandl, M.— Reston Publishing Co., Inc., 
Reston, Va., 1977, 271 pp., figs., $ 17.95. 

Basic Electric Power Engineering. Elgerd, O. 
I.— Addison-Wesley Publishing Co., Inc., 
Reading, Mass., 1977, figs., $ 18.95. 

An Introduction to Thermomechanics. Ziegler, 
H.— North-Holland Publishing Co., Amster-
dam/New York, 1977, 320 pp., $35.95, Dfl. 90.00. 

The Study of the Future: An Introduction to the 
Art and Science of Understanding and Shaping 
Tomorrow's World. Cornish, E., et al.—World 
Future Society, 4916 St. Elmo Ave., 
Washington, D.C. 20014, 1977, 317 pp., $9.50. 

Structured PL/Zero Plus PL/One. Kennedy, M., 
and Solomon, M. B.— Prentice- Hall, Inc., 
Englewood Cliffs, N.J., 1977, 729 pp., $ 10.95. 

Electronic Meters: Techniques and 
Troubleshooting. Ritter- Saunders, M., 
Jr.— Reston Publishing Co., Inc., Reston, Va., 
1977, 309 pp., illus., $ 16.95. 

Introduction to Structured Programming: Us-
ing PLI and SP/k. Conway, R., Gries, D., and 
Wortman, D. B.—Winthrop Publishers, Inc., 
Cambridge, Mass., 1977, 551 pp., $8.95. 

How You Can Learn to Live with Computers. 
Kleinberg, H.— J. B. Lippincott Co., 
Philadelphia, 1977, 216 pp., $8.95. 

Laser Monitoring of the Atmosphere (Topics in 
Applied Physics, Vol. 14). Ed. by Hinkley, E. 
D.—Springer-Verlag, New York, 1976, 393 pp., 
figs., $39.80. 

Quantum Field Theory of Solids: An Introduc-
tion. Haken; H.P.J.—North-Holland Publishing 
Co., Amsterdam/New York, 1976, 342 pp., 
$50.95. Dfl. 125.00. 



Applications and 
test equipment 
engineers 
If you have 
experience, 
General Electric has 
been in the semicon-
ductor business longer 
than anyone else—and 
today we're a world 
leader whose reputation 
for reliability is second 
to none. 

innovation 
Time and again we've 
proven we can turn bold 
ideas into practical 
applications. And joining 
us will bring the 
chance to work on 
state-of-the-art Signal, 
Power, Optoelectronic 
& Varistor Discrete 
Semiconductors. 

and staying 
power 
An annual multi- million 
R & D investment illus-
trates our commitment 
to staying out front. 
We're also part of the 
company built by people 
like Edison, Coolidge, 
Langmuir and Steinmetz. 
A company that's 
celebrating its 100th 
anniversary this year. 

you've got a lot 
in common with 
General Electric. 
We're looking for engi-
neers whose professional 
and personal qualities 
are a lot like ours. In 
return, we're prepared to 
offer a competitive 
salary, comprehensive 
GE benefits, and ample 
opportunity to continue 
growing as we continue 
to expand. Openings 
are for: 

Applications Engineer 
We need a technical profes-
sional who can consult, 
teach, write, travel and assist 
in product and business 
planning. If you're a strong 
circuits-oriented engineer 
seeking new vistas, this is it. 

Test Equipment Engineer 
We need a superior circuit 
design engineer with digital 
and analog experience and 
a background applying 
microprocessors to special-
ized semiconductor test 
equipment. 

Please send your resume to: 
Mr. D. Lasher, 
Semiconductor Products 
Department, GE Company, 
Electronics Park, 
Syracuse, NY 13201 

GENERAL 

Years of Progress 

ELECTRIC 
An equal opportunity employer, M/F 
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Meetings 
The present and future of microwaves 
are focus of discussion in Ottawa this month 
Based on the theme, " Micro-
waves Today and Tomorrow," the 1978 
IEEE International Microwave Sym-
posium (S-MTT) will be held at the 
Chateau Laurier Hotel' in Ottawa, Ont., 
Canada. The dates are June 27 through 
29. 
Complementing the technical pro-

gram will be four workshops, which have 
been scheduled immediately preceding 
and following the meeting. " Low- Noise 
Millimeter-Wave Receivers" and 
"Microwave/Millimeter-Wave Power 
Generation, Amplification, and Control" 
will be the topics on Monday, June 26, 
and "Superminiaturization of MIC 
Modules" and " Paramps, FETs, and Mix-
ers" will be discussed on Friday, June 
30. Another plus for meeting attendees 
will be the Microwave Exhibition featur-
ing displays by microwave device, com-
ponent, and subsystem suppliers. 

This year's social highlight, the ban-
quet, will be held on Wednesday even-
ing, following a cocktail party in the ex-
hibition area. The speaker, George 
Sinclair, will address the question: " Is 
the engineer losing contact with the real 
world?" Dr. Sinclair is professor of elec-
trical engineering at the University of 
Toronto; chairman of Sinclair Radio 
Laboratories, Ltd., Concord, Ont., and 
Sinclair Radio Laboratories, Inc., 
Tonawanda, N.Y.; and president of Laser 
Fusion Ltd., Concord. 

Registration fees for the Microwave 
Symposium are $65 for IEEE members, 
$80 for nonmembers, and $ 12 for Stu-
dent members ( in Canadian dollars). 
Fees for the workshops are $20 each. 

For information, write to the chairman 
of the Steering Committee: A. L. 
VanKoughnett, Communications 
Research Center, P.O. Box 11490, Sta-
tion H, Ottawa, Ont. K2H 8S2, Canada. 
The following is a list of the technical 

sessions, including their chairpersons 
and organizers. 

TUESDAY, JUNE 27 

Morning Sessions 

Microwave: Quo Vadis? H. Sobo!, Rockwell 
Int'l; L. Young, NRL 

Finline and Millimeter-Wave Components. M. 
Caulton, RCA 

Filters and Passive Components. J. Rhodes, 
Univ. of Leeds; R. Levy, MDL 

Afternoon Sessions 

Digital Microwave Systems. G. Chao, Tec-
tronix; P. Greiling, Hughes 

Computer-Aided Design. J. Bandler, McMaster 
Univ. 

Ferrite Devices. C. Boyd, Hughes 
Fiber and Integrated Optics. G. Yip, McGill 

Univ.; D. Anderson, Rockwell Inn 

WEDNESDAY, JUNE 28 

Morning Sessions 

Microwave GaAs FETs. F. Hasagavva, NEC, 
Japan; L. Eastman, Cornell Univ. 

Special Session on Millimeter-Wave Develop-
ment in Japan. T. Makimoto, Osaka Univ. 

Automated Network Analyzer Techniques. S. 
Adam, Hewlett-Packard; E. Komarek, NBS 

Microwave Field Theory. F. Silvester, McGill 
Univ. 

Afternoon Sessions 

Filters and Multiplexers. C. Kudsia, COMDEV, 
and R. Levy, MDL; R. Levy 

Microwave Systems. R. Hicks, Rockwell MCI, 
and H. Ogura, Kyoto Inst. of Technology; J. 
Horton, TRW, and K. lizuka, Univ. of Toronto 

Microwave Measurements. E. Komarek, NBS 
MIC Amplifiers and Oscillators. R. Knerr, 

Bell Labs 

THURSDAY, JUNE 29 

Morning Sessions 

MIC Components. R. Douville, CRC; R. Knerr, 
Bell Labs 

Microwave Network Theory. A. Oliner, PINY; P. 
Silvester, McGill Univ. 

Microwave High Power. H. Goldie, 
Westinghouse; K. Tomiyasu, General Elec-
tric 

Microwave Solid-State Devices. G. Haddad, 
Univ. of Michigan; L. Eastman, Cornell Univ. 

Afternoon Sessions 

Low-Noise Techniques. S. Okwit, LNR; H. 
Okean, LNR 

Microwave Transmission Lines. T. ltoh, Univ. 
of Kentucky; P. Silvester, McGill Univ. 

Submillimeter Waves. K. Button, M.I.T. 
Microwave Acoustics. R. Mariani, USAECOM; 

C. Hartman, TI 

Design automation 
is topic in Las Vegas 

The 15th annual gathering of engineers 
involved in developing and using com-
puter aids within the design environ-
ment will take place June 19-21 when 
the Design Automation Conference is 
held at Caesars Palace in Las Vegas, 
Nev. The meeting provides a forum for 
those in the electronics industry, as well 
as In mechanical and building design, to 
learn about the latest in design verifica-
tion, packaging algorithms, test-data 
generation, and design data bases. An 
art contest is planned, with competing 
entries of useful outputs from design. 
automation programs. 

Registration fees are $ 70 for 
members, $85 for nonmembers, and $30 
for students. Further information is 
available from: Donald J. Humcke, Bell 
Laboratories, Building 1B-322, Holmdel, 
N.J. 07733; telephone (201) 949-4039. 
The following is a list of the technical 

sessions, with their chairpersons. 

MONDAY, JUNE 19 

Morning Sessions 

Interactive Graphics. R. Jantz, Bell Labs 
Computer-Aided Manufacturing at GTE 
Automatic Electric. H. Hall, Raytheon 

Computer-Aided Mapping. C. Rosenthal, Bell 
Labs 

Afternoon Sessions 

Printed-Circuit-Board Layout. J. Soukup, Bell-

Northern Research 
Testing Methodologies and Fault Diagnosis. 

H. Anderson, Naval Surface Weapons 
Center 

Computer-Aided Architectural Design. R. 
Frew, Yale School of Architecture 

The Real World of Design Automation (Panel). 
D. Peterson, Lear Siegler 

TUESDAY, JUNE 20 

Morning Sessions 

Data Bases. D. Nash, Raytheon Missile 
Systems Div. 

Integrated-Circuit Layout. L. Abel, Digital 
Equipment Corp. 

High-Level Design Languages and Systems. H. 
Ofek, IBM 

The GTE Sylvania Phoenix System. J. Roder, 
GTE Sylvania 

Computer- Aided Documentation. M. 
Schleicher, Western Electric 

Afternoon Sessions 

Logic Design and Logic Design Systems. G. 
Patterson, Bell-Northern Research 

IC Layout and Verification. D. Schweikert, Bell 
Labs 

Mechanical Engineering and Manufacturing. 
R. Klahn, Bell Labs 

Theoretical Foundations of Topics in Design 
Automation. H. Loomis, Jr., University of 
California 

WEDNESDAY, JUNE 21 

Morning Sessions 

Test Generation and Testing. R. Marlett, 
Westinghouse Electric Corp. 

Software Engineering Tools and Techniques. 
G. Case, Sandia Labs 

Afternoon Sessions 

Simulation. C. Rose, Case Western Reserve 
University 

PCB Layout Systems. H. Lehrman, Martin 
Marietta 

PCB Layout Systems (Panel) 

EMC group to hold 
its 20th annual meeting 

The 1978 IEEE International Symposium 
on Electromagnetic Compatibility at the 
Sheraton-Biltmore Hotel in Atlanta, Ga., 
June 20-22, marks the 20th anniversary 
of this annual event sponsored by the 
IEEE Electromagnetic Compatibility 
Society. This year's host is the Society's 
Atlanta Chapter. 
Approximately 80 technical papers 

covering a variety of topics within the 
EMC discipline will be presented. The 
program will also include a special ses-
sion on specifications and a poster ses-
sion. In addition, manufacturers and 
distributors will exhibit EMC-related in-
strumentation, components, and 
materials. Among the special events will 
be a dinner outing at Stone Mountain 
Park and an awards luncheon. 

For details, call J. C. Toler at (404) 
894-3964. Mr. Toler chairs the Steering 
Committee. 

CIGRE's next meeting 
brings attendees to Paris 

The UNESCO Conference Building in 
Paris, France, will be the site of the next 
session of the International Conference 
on Large High-Voltage Systems (CIGRE) 
on August 30-September 7. Some 153 
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papers are scheduled for presentation. 
In general, the discussions will be 

divided among 15 specialized groups, 
which will consider such topics as: dc 
links, insulating materials, overhead 
lines, substations, planning, and the 
future of electric power transmission. In 
addition, a roundtable session will be 
directed in particular to the problems en-
countered by managers of power 
systems. 
The meeting will include technical 

visits to systems and laboratories in 
Paris and its environs. Following the 
meeting, on September 8-19, two study 
tours will be offered: one based in Edin-
burgh, Scotland, and the other in the Val 
de Loire area of France. 

Further information is available from: 
L. J. Mulligan, Ebasco Services, Inc„ 125 
Jericho Turnpike, Jericho, N.Y. 11753; 
(516) 997-9191, ext. 184. 

Workshop will discuss 
control of power systems 

The Joint Working Group on Power System 
Control Centers announces the fifth bien-
nial three-day Workshop on Real-Time 
Monitoring and Control of Power Systems 
(S- PE) to be held on the campus of the 
University of Tennessee in Knoxville, Oc-
tober 25-27. The workshop provides a 
forum for discussion of problems and pro-
posed solutions in this area. Informal inter-
change and active participation are en-
couraged by the selection of approximately 
50 individuals who are immediately con-
cerned with some aspect of this work. 

Persons who are engaged in any phase of 
research, development, application, or use 
in this field and who feel that they can con-
tribute to the workshop should request an 
application form from: Arthur G. Hoff-
mann, ECC, Inc., 3545 Chain Bridge Road, 
Fairfax, Va. 22030; telephone (703) 
385-9030. 

Papers are Invited 

• International Computer Symposium 
1978 (IEEE Rep. of China Sect.; Chinese 
Academy of Sciences), Taipei, Taiwan, 
Republic of China, December 18-20, 
1978. Subject: information management, 
theory, and application. Three copies of 
complete paper (20- page maximum) and 
a 200-word abstract to: Professor K. S. 
Fu, School of Electrical Engineering, 
Purdue University, West Lafayette, Ind. 
47907; or T. I. Ho, Telecommunication 
Laboratories, Chung- Li, Taiwan, 
Republic of China. Deadline: July 1, 
1978. 
• Conference on Television Measure-
ment (IEEE; I ERE et al.), London, 
England, May 21-23, 1979. Subject: 
developments in the specification, 
measurement, and handling of televi-
sion waveforms. A 200-word abstract to: 
Conference Secretariat, Institution of 
Electronic and Radio Engineers, 99 
Gower Street, London WC1E 6AZ, 
England. Deadline: July 4,1978. 
• 24th Annual Conference on 
Magnetism and Magnetic Materials 
(S-Mag et al.), Cleveland, Ohio, 
November 14-17, 1978. An abstract 

GENERAL ELECTRIC COMPANY 
IS LOOKING FOR A FEW 

GOOD PEOPLE 

THE BUSINESS 

SPECIALTY SEMICONDUCTOR COMPONENTS 
This includes Signal, Power, Optoelectronics & Varistor Discrete 
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THE LOCATION 

FINGER LAKES REGION OF UPSTATE NEW YORK 
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Are you a superior circuit design engineer? If you are skilled 
in microprocessor application to specialized semiconductor test 
equipment and have experience in both digital and analog 
circuit design, we would like to have you on our team. 
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R.L. Salce 
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Electronics Park 
Syracuse, N.Y. 13221 ANNIVERSARY 
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suitable for reproduction to: Dr. H. C. 
Wolfe. American Institute of Physics. 
335 East 45 Street. New York, N.Y. 10017. 
Questions regarding preparation of 
abstracts to: M. B. Stearns, Ford Scien-
tific Laboratory. P.O. Box 2053, Room 
3039. Dearborn, Mich. 48121. or H. J. 
Leamy. Bell Telephone Laboratories. 
Murray Hill. N.J. 17974. Deadline for 
abstracts: July 28, 1978. 
• 1979 Control of Power Systems Con-
ference ( Houston Sect.; Texas A.&M. 
Univ.), College Station, Tex., March 19-21, 
1979. An abstract to: Dr. C. W. Brice, III, 
Program Chairman, COPS/IEEE, Electric 
Power Institute, Texas A.&M. University, 
College Station, Tex. 77843. Deadline: July 
14, 1978. 
• 12th Annual Asilomar Conference on 
Circuits, Systems, and Computers 
(CompSoc et al.), Pacific Grove, Calif., 
November 6-8, 1978. Subject: circuit 
theory and design, communications and 
control systems, computer systems, 
computer-aided design. Three copies of 
complete paper to: Donald E. Kirk, Elec-
trical Engineering Department, Naval 
Postgraduate School, Monterey, Calif. 
93940. Deadline: July 31, 1978. 
• Chicago Fall Conference on Con-
sumer Electronics (S-BCCE), Rosemont, 
III., November 6-7, 1978. A 200- 500-word 
abstract to: Akio Tanaka, Papers Com-
mittee Chairman, Zenith Radio Corpora-
tion, 1000 Milwaukee Avenue, Enginer-
ing Room 360, Glenview, III. 60025; 
telephone (312) 391-7404. Deadline: 
August 1, 1978. 
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Wide Band, Precision 
CURRENT MONITOR 
With a Pearson current monitor and an oscillo-

scope, you can measure pulse or ac currents 
from milliamperes to kiloamperes, in any con-
ductor or beam of charged particles, at any 
voltage level up to a million volts, at frequences 

up to 35 MHz or down to 1Hz. 
This video monitor is physically isolated from 
the circuit. It is a current transformer capable of 

highly precise measurement of pulse amplitude 

and waveshape. 
Whether you wish to measure current in a 
conductor, a klystron, or a particle accelerator, 
it is likely that one of our off- the- shelf models 
(ranging from 1/2" to 10%" ID) will do the job. 
Contact us and we will send you engineering data. 

PEARSON ELECTRONICS, INC. 
4007 Transport St., Palo Alto, California 94303, U S. A 

Telephone 1415) 494-6444 
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• IECI ' 79—Conference and Exhibit on 
Industrial and Control Applications of 
Microprocessors (S-IECI). Philadelphia. 
Pa., March 19-21, 1979. Ten copies of an 
extended summary (600-word maximum) 
and an abstract (60-word maximum) to: 
Paul M. Russo. RCA Laboratories. 
Princeton, N.J. 08540; telephone (609) 
452-2700. Deadline: September 9, 1978. 
Suggestions for tutorial and special 
panel sessions are due to the same ad-
dress by the same date. 
• International Conference on Video 
and Data Recording ( IEEE; IERE et al.). 
Birmingham, England, July 17-19, 1979. 
A 500-700-word summary to: Con-
ference Secretariat, Institution of Elec-
tronic and Radio Engineers. 99 Gower 
Street, London WC1E 6AZ, England. 
Deadline: October 27, 1978. 
• ISH '79—Third International Sym-
posium on High-Voltage Engineering 
(North Italy Sect.; Italian Association of 
Electrical and Electronics Engineers), 
Milan, Italy, August 28-31, 1979. A 
200-word abstract is due by November 
30, 1978. For information: Gianguido 
Carrara, CESI. Via Rubatino 54, 201 34 
Milan, Italy. 
• Sixth IEEE International Semiconduc-
tor Laser Conference (S-QEA), San Fran-
cisco, Calif., October 9-11, 1978. Ten 
copies of 200- 500-word abstract to: C. J. 
Nuese, Program Chairman, RCA 
Laboratories, Princeton, N.J. 08540. 
Deadline: June 15, 1978. For 
postdeadline papers describing signifi-
cant, recent results, ten copies of com-
plete manuscript to Mr. Nuese by Oc-
tober 9, 1978. 
• Third IEEE Specialist Conference on 
the Technology of ElectrolumineScent 
Diodes (S-QEA, S- ED), San Francisco, 
Calif., October 11-12, 1978. Ten copies 
of 200-500-word abstract to: A. A. Bergh, 
Program Chairman, Bell Laboratories, 
Murray Hill, N.J., 07974. Deadline: June 
15, 1978. For postdeadline papers 
describing significant, recent results, 
ten copies of complete manuscript to 
Mr. Bergh by October 9, 1978. 
• 1979 International Symposium on Cir-
cuits and Systems (S- CAS; IECE-Japan), 
Tokyo, Japan, July 17-19, 1979. For 
regular papers, four copies of complete 
manuscript including an abstract, and 
for short papers, four copies of 

1000-word summary to: T. F. Fujisawa, 
Faculty of Engineering Science, Osaka 
University, Toyonaka, Osaka 560, Japan. 
Deadline: October 1, 1978. 
• FTCS-9 — 1979 International Sym-
posium on Fault-Tolerant Computing 
(CompSoc). Madison. Wis.. June 20-22, 
1979. Four copies of 200-word abstract 
to: Gerald M. Masson. Department of 
Electrical Engineering. The Johns 
Hopkins University, Baltimore, Md. 
21218; telephone ( 301) 338-7013. 
Deadline: November 1. 1978. 
• 1978 IEEE International Electron Devices 
Meeting ( S- ED), Washington, D.C., 
December 4-6, 1978. Subjects: solid-state 
devices; device technology; integrated 
electronics; electron tubes; energy-
conversion devices; quantum electronics 
devices; detectors, sensors, and displays. 
Sixteen copies of a 200-word abstract (which 
should indicate the area covered) to: Pro-
fessor R. E. Thomas, 1978 IEDM Technical 
Program Chairman, Department of Elec-
tronics, Carleton University, Colonel By 
Drive, Ottawa, Ont. K1S 5B6, Canada. 
Deadline: August 4, 1978. Deadline for 
abstracts of late-news (ten-minute) papers: 
October 20, 1978. 
• International Conference on Com-
munications (ComSoc, Boston Sect.,), 
Boston, Mass., June 10-13, 1979. Five 
copies of one-page abstract and manuscript 
to: Dr. John Logan, Chairman, ICC ' 79 
Technical Program, Bell Telephone 
Laboratories, 1600 Osgood Street, North 
Andover, Mass. 01845; telephone (617) 
681-6306. Deadline: November 15, 1978. 
Deadline for notification of intent to submit a 
paper: September 30, 1978. 
• 1979 Winter Meeting of the IEEE Power 
Engineering Society, New York, N.Y., 
February 4-9, 1979. Prospective authors 
should immediately request an author's kit 
from the PES Special Activities Office at 
IEEE Headquarters, 345 East 47 Street, New 
York, N.Y. 10017. Deadline for original 
manuscripts: September 1, 1978. 
• Third World Telecommunication 
Forum ( ITU), Geneva, Switzerland, 
September 23-26, 1979. A 100-200-word 
abstract to: Prof. Dr. F. L. Stumpers, N. 
V. Philips' Gloeilampenfabrieken 
Research Laboratories, Eindhoven, 
Netherlands; or ( in the U.S. and Canada) 
to: A. E. Joel, Jr., Bell Laboratories, 
Room 2C-632, Holmdel, N.J. 07733. 

POWER SYSTEM PLANNING If ?lei McGraw-Hill 
e4; Interncrtional 

Robert L. Sullivan, University of Florida MO Book Company 

Here is a book uniquely devoted to advanced topics in power system planning. Each 
chapter relies on material presented in previous chapters, in a fashion that is 
representative of the way various planning steps rely heavily on other steps in industrial 
practice. A common project is very used throughout the book, and in each chapter the 
concepts are illustrated by taking simple examples based on this project. Armed with the 
material present in this book, students and teachers will be better prepared to interact with 
the power industry. Similarly, practitioners will find this book invaluable in obtaining the 
analytical background needed to either develop their own planning tools or to modify 
existing tools. 
ISBN 07-061800-3 1977 324 pp. $28.00 

All press are approximate. These titles are available through your usual 
supplier. your local McGraw-Hill representativaiccinPany, or L C Stanoch, 
Room 3064-68. McGraw-Hill International Book Company. 1221 Avenue of the 
Americas, New York, New York 10020. U.S A. 
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Are you the engineer others look to 
for the latest technical news? 

The engineer who reads Electronic News knew 
about these events when they happened: 

DEC develops a bus interface for interconnection 
of instruments to PDP-11 computers with 
Unibus architecture ... BURROUGHS and 
FORD AEROSPACE & COMMUNICATIONS 
are picked to upgrade the US Army's commu-
nications network in Europe... NATIONAL 
SEMICONDUCTOR develops a programmable 
constant current source IC designed to operate as a 
current mode temperature transducer...IBM gets 
patent on garnet processing system for magnetic 
bubbles; anticipates savings of 50% on materials 
previously lost in preparation ... SCIENTIFIC-
ATLANTA plans to test earth station antennas as 
small as 4 feet... INTEL brings out a Fortran 77 
compiler for its line of 8-bit microprocessors... 
SCANOIPTIK introduces three oscilloscope 
plug-ins for use with the TEKTRONIX TM-500 
instrument series... 

ADVANCED MICRO DEVICES is readying a 
16K dynamic RAM for sampling this summer... 
Five new chips will be added to the 6500 MPU 
series this year by SYNERTEK and ROCKWELL 
... Prices on neutron-doped float-zone silicon 
products are cut by MONSANTO... The 
NATIONAL TRANSPORTATION SAFETY 
BOARD asks the FAA to require flight data and 
cockpit voice recorders on most corporate and 
large private aircraft... Temperature control system 
by SYM-TEK SYSTEMS is said to be suitable for 
many types of environmental chambers... MOLEX 
introduces a 0.156-inch center ribbon cable and 
insulation displacement connector system... 
HEWLETT-PACKARD unveils a pre-programmed 
serial data analyzer for data communication 
networks... SIEMENS introduces ink-jet printer 
said to operate at 270 characters-per-second... 

...and this is only 10% of the Hot News 
that Electronic News delivers every Monday! 

Electronic News gives more industry news 
coverage than any other source: The latest 
technical developments and product reports 
(prices, specifications, availability) ... 
behind-the-scene news ( mergers, contracts, 
company plans and financial reports)... news 
about industry people (your customers, 
suppliers and competitors) ... news from 
Washington and overseas ... stock market 
quotations... In short, each issue delivers the 
entire gamut of the news of the electronics 
industry. It's the fast, simple way for the 

electronics professional to stay on top of the 
news. 

SEE FOR YOURSELF WITH A FREE, 
TRIAL SUBSCRIPTION 

Just return the coupon below, and we'll start a 
subscription to Electronic News in your name. 
If after an issue or two Electronic News 
disappoints you, simply write "cancel" on the 
invoice you'll receive and return it to us. There 
will be no cost, no obligation. And you keep all 
copies with our compliments. 

• • • • • OOOOO • • • • • • • • • • • OOOOO • • • • OOOOOOOOOOO • • • OOOOO • • • • • • • OOOOOOOOOOOOOOOOO • 

Electronic News • Circulation Department 7 East 12th Street • New York, NY 10003 

Enter a trial subscription in my name and bill me at the 
one-year rate of $ 15. If after reading an issue or two I decide 
Electronic News isn't for me, I'll write "cancel" on the bill and 
return it without paying or owing anything, but keeping all 
issues sent. 

Please allow 4-8 weeks for service to start. 

This offer only good In the U.S. All questions must be 
answered to process order. 

Name Title  

Principal function: E Management E Engineering 

Company  

Address   

City  State  Zip   

Principal Product or Service  

Are you: E Manufacturer EJ Non-Manufacturer 
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Classified advertising 
Positions Open 

The following positions of interest 
to IEEE members have been 
reported as open. Apply in writing, 
addressing reply to address given or 
to Box Number, c/o IEEE Spectrum, 
Advertising Department, 345 East 
47th St., New York, N.Y. 10017. 
Classified Advertising Rates for this 
column: $15.00 per line. No advertis-
ing agency commission is granted. 
Copy must be received by the 10th 
of the month preceding date of 
issue. 

Engineering Positions ($15,000-$40,000). Open-
ings at all locations coast to coast—all levels 
and disciplines. Over 1,000 firms represented. 
To cover ALL your immediate job possibilities 
in the " unpublished" market send your resume 
with salary requirements now. No fee. Con-
fidential, Professional. Key Systems-National 
Headquarters, New Bridge Center, Kingston, 
PA 18704 (717) 822-2196. 

Positions Available— Electrical & Electronic 
Eng's. Over 1000 US client companies pay our 
fees for selected technical referrals. Est. 1959. 
Send resume & salary history. Atomic Person-
nel, Inc., Box C, 1518 Walnut, Phila. Pa. 19102. 

Graduate Assistantships are available in both 
teaching and research at West Virginia Univer-
sity. For further information contact Dr. R. E. 
Swartwout, Department of Electrical Engineer-
ing, West Virginia University, Morgantown, 
West Virginia 26506. An affirmative action/ 
equal opportunity employer. 

Engineers: Recruiting for nationwide clients since 
1949. Electronics hardware, software, components, 
systems. Military, commercial. In confidence-
Brentwood-Box 11, Parsippany, NJ 07054. 

Energy Search, EE, field engineer to operate 
electronic instruments to evaluate wells drill-
ed for oil and gas. Various locations US4. 0-3 
years experience, only U.S. citizens and im-
migrants. Apply Carter Robinson, Schlum-
berger Well Services, P.O. Box 2175, Houston, 
Texas 77001. An equal opportunity employer. 

Communications Engineers— Exec. search 
and contingency placements nation-wide: 
Hardware/software system & component 
design, implementation & test. All fees paid. 
Call, submit resume with salary & location re-
quirements to F. Jones, Eastern Executive 
Assoc., Div. F. X. Jones Assoc., 881 Allwood 
Rd., Clifton, NJ 07012 (201) 777-6900. 

Texas, California, Florida, other SW, SE, W & 
Foreign location opportunities for sharp EE's 
having instrumentation, power, minicomputer, 
microcomputer, semiconductor or electronics 
exp.—hardware, software or systems. 
$19-32,000 base starting. Positions with private 
industry mfg. design and consulting cos having 
impressive growth. Each contact is made selec-
tively (you are in control) and held in strict con-
fidence. Our client cos assume all placement 
fees. Resume to J. L. Gresham, BChE, MBA will 
contact you at home first. Est. 1966, member 
AlChE. Systemation Consultants, Inc., employ-
ment service, 1410 Post Oak Tower, Houston, 
Texas 77056. (713) 622-1370. 

Faculty Position available in Iran. Electrical 
Engineering Faculty position at the 
assistant/associate Professor level with 
specialty in Electromagnetics, Communica-

tions, Systems & Control or Electronics. Posi-
tion requires undergraduate & graduate 
teaching & graduate research activity. 
Qualifications include the Ph.D., teaching ex-
perience and pertinent post-doctoral or in-
dustrial experience. Generous salary based on 
individual basis. Send resumes & names of 
two references to M. Irani-Kermani, School of 
Graduate Studies, NIRT, P.O. Box 41-3144, 
Tehran, Iran. 

Engineers— SE Locations, Process, 
Powerlight, Software, Hardware, Systems, In-
strumentation, Facilities. Fee Paid. No Con-
tracts, 12 yrs. experience. Beall Associates, 
P.O. Box 5042, Spartanburg, S.C. 29304. 

Research Assistantships in Power Engineer-
ing— Research Assistantships in Power 
Engineering are available to qualified graduate 
students seeking the MSEE, MSME, MSNE 
degree. For information, contact: Chairman, 
Purdue Electric Power Center, School of Elec-
trical Engineering, Purdue University, West 
Lafayette, Indiana 49707. This program is 
restricted to citizens and permanent residents 
of the United States. Purdue is an equal ac-
cess/equal opportunity employer. 

Head, Electrical Engineering Department. Ap-
plicants are sought for the position of Head of 
the Electrical Engineering Department, Col-
lege of Engineering, Rochester Institute of 
Technology. The Department is ECPD ac-
credited, has 17 faculty members, and offers a 
cooperative work/study undergraduate pro-
gram (460 students) leading to the B.S. degree 
and a part-time graduate program (80 students) 
leading to the M.S. or M.E. degrees. Can-
didates should have an earned doctorate in 
electrical engineering and significant in-
dustrial and academic experience. The new 
department head will be expected to intensify 
faculty involvement in the local industrial 
sphere while maintaining a strong commit-
ment to engineering education at the 
Bachelor's and Master's level. Candidates 
should contact Professor R. E. Heintz, Chair-
man, Search Committee, Electrical Engineer-
ing Department, Rochester Institute of 
Technology, Rochester, New York, 14623 by 
July 15, 1978— an affirmative action employer. 

Post Doctoral Fellow starting in September 
1978 in digital filters and digital signal pro-
cessing. Remuneration $12,000. Apply with 
resume to Dr. V. K. Aatre, Department of Elec-
trical Engineering, Nova Scotia Technical Col-
lege, P.O. Box 1000. Halifax. Nova Scotia, B3J 
2X4, Canada 

Communications and Information Sciences. 
Faculty positions are available in the Elec-
trical Engineering Department of the 
Polytechnic Institute of New York at both the 
Brooklyn and Farmingdale campuses. Ap-
plicants should have strong qualifications in 
the area of communications and/or informa-
tion sciences. The Polytechnic Institute of 
New York, founded in 1973 by the merger of the 
Polytechnic Institute of Brooklyn and the 
School of Engineering and Science of NYU, 
carries a tradition of strong emphasis on 
research. The expansion of the Electrical 
Engineering Department's Communications 
and Information Sciences program is sup-
ported by a substantial amount of funded 
research. Interested persons should send their 
detailed resume and other pertinent informa-
tion to: Professor Frank Kozin, Chairman of 
Search Committee, Department of Electrical 
Engineering, Polytechnic Institute of New 
York, Route 110, Farmingdale, NY 11735. 
Polytechnic, An Equal Opportunity/Affirmative 
Action Employer, 

Faculty Positions, George Washington Univer-
sity. The Department of Electrical Engineering 
and Computer Science, George Washington 
University, is seeking to fill three faculty posi-
tions. Persons with doctorate degrees and/or 

substantial industrial or research experience 
in the following areas are being sought: 1) data 
communications, 2) electrical power systems, 
and 3) medical engineering and electronics. 
Rank is commensurate with experience. The 
University is an equal opportunity, affirmative 
action employer. Send your resume or in-
quiries to: Professor Arnold C. Meltzer, Chair-
man, Department of Electrical Engineering & 
Computer Science, School of Engineering and 
Applied Science, The George Washington 
University, Washington, D.C. 20052. 

Faculty Position/Engineers: Small, Liberal 
Arts, Church-Related College with strong dual-
degree program seeks engineer interested in 
Liberal-Arts education. Ph.D. or near. Send 
resume to Dr. John Butler, Academic Dean, 
Georgetown College, Georgetown, Kentucky 
40324. 

Director, Bioengineering Services, McMaster 
University Health Sciences Centre. This posi-
tion is available immediately and applications 
are invited from Biomedical Engineers who 
have the qualifications to be registered as a 
Professional Engineer with the Association of 
Professional Engineers of Ontario. The facility 
is responsible for the development and 
maintenance of a wide variety of biomedical 
equipment in both hospital and university 
areas; also, it provides leadership for the injec-
tion of science and technology into medical 
thinking and practice. A joint academic ap-
pointment between the University and 
Hospital is envisaged for the Director who 
should have wide-ranging experience in 
biomedical equipment development and ser-
vice management. Applications including a 
detailed curriculum vitae, the names of three 
referees and an indication of the earliest 
possible starting date should be addressed to: 
Mr. R. E. Capstick, Manager, Employment & 
Staff Relations, McMaster University Medical 
Centre, 1200 Main Street West. Hamilton, On-
tario L8S 4J9. 

Faculty Positions in South America.Well fund-
ed University, pride of the Venezuelan educa-
tional system, has excellent opportunities for 
good teachers and researchers. PH.D. or 
equivalent required. Openings in the areas of 
digital systems, communications sytems, pro-
pagation, radiation, antennas, biomedical, 
analog electronics and networks. Successful 
candidates must be willing to devote con-
siderable effort to learning Spanish as soon as 
possible after arriving. Send resume to: Prof. 
German Gonzalez, Jefe Dpto. Electronica y Cir-
cuitos, Universidad Simon Bolivar, Apartado 
80659, Edo Miranda-Venezuela. 

Graduate Assistantships Available in Electric 
Power Systems Engineering. A graduate pro-
gram leading to the master of engineering 
degree with a first field in electric power 
systems. Contact, Director, Electric Power In-
stitute, California Polytechnic State Universi-
ty, San Luis Obispo, California 93407. An equal 
opportunity employer. 

Dean of Engineering. Texas A&M University is 
accepting applications for the position of 
Dean of the College of Engineering. The Col-
lege of Engineering offers 17 undergraduate 
degree programs in addition to Master of 
Science, Master of Engineering. Doctor of 
Engineering and Doctor of Philosophy 
degrees. The present enrollment is approx-
imately 6400 undergraduate and 820 graduate 
students, with a research program in excess of 
11 million dollars annually. Texas A&M Univer-
sity seeks candidates having the following 
qualifications: Proven administrative ability 
and leadership. Demonstrated academic 
achievement at the university level and an 
established reputation in the profession of 
engineering. Commitment to excellence and 
quality in teaching, research and the profes-
sion of engineering. Applicants should submit 
a complete resume (with references), including 
addresses and phone numbers. All materials 
should be sent to: J. M. Prescott, Vice Presi-
dent for Academic Affairs, Texas A&M Univer-
sity, College Station, Texas 77843. Texas A&M 
University is an Equal Opportunity/Affirmative 
Action Employer. 
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Faculty Position in Engineering. Broad-based 
teaching and research interests with 
specialization as follows: Electrical engineer-
ing (power or systems). Ph.D. required. Rank 
and salary determined by qualifications. Equal 
Opportunity Employer. Apply to: Lynn D. 
Russell, Dean of Engineering, University of 
Tennessee at Chattanooga, Chattanooga, Tn. 
37401. 

Research Scientist, Software Engineering. The 
Corporate Computer Science Center of 
Honeywell, Inc., located in suburban Min-
neapolis has an excellent opportunity for com-
puter scientists with a background and in-
terest in software engineering. You will be ex-
pected to operate as the lead scientist in a pro-
ject using technology to solve software prob-
lems in a variety of areas including language 
design, programming methodology, com-
munications, certification, and correctness. 
Candidates should possess a PhD or 
equivalent in Computer Science, Electrical 
Engineering, or Math plus experience in com-
puter technology with an emphasis in soft-
ware, a demonstration of creative applications 
of new techniques, and a background in one of 
the problem areas listed above. Honeywell of-
fers a competitive salary, a solid benefit 
package, excellent technical resources, and 
excellent opportunities for both personal and 
professional growth and recognition. If you 
wish to further investigate this opportunity, 
direct your resume to: Ron Heinz, Honeywell 
Inc., Honeywell Plaza — MN12-2109, Min-
neapolis, MN 55408. An Equal Opportunity 
Employer M/F. 

Head, Department of Electrical Engineering, 
North Carolina State University, Raleigh, North 
Carolina. The Department presents programs 
leading towards the B.S., M.E.E., M.S., and PhD 
degrees. It is one of the larger departments in 
the NCSU Engineering School with diversified 
research programs and approximately 30 
graduate faculty. A candidate with leadership 
abilities and an interest in developing research 
is sought to guide the department teaching 
and research programs. Qualifications include 
a PhD degree in Electrical Engineering, prior 
administrative experience, and evidence of 
professional accomplishment. Position 
available immediately. Send resume and four 
potential references to: Dr. Thomas S. 
Elleman, Head, Electrical Engineering Search 
Committee, Box 5636, North Carolina State 
University, Raleigh, NC 27650. An equal oppor-
tunity and affirmative action employer. 

Control Systems Analyst. Conduct Advanced 
research and development in aeronautical and 
energy systems using automatic control 
theory, statistics, optimization theory, time 
series analysis, identification and estimation 
theory and systems analysis. Applicant must 
have M.S. degree in Control Theory with 
course work in the above areas, in electrical 
engineering and computer programming with 
emphasis in FORTRAN and BASIC on the CDC 
6400. 40 hr. week, $7 per hour plus fringe 
benefits. Send resume to Dr. Raman K. Mehra, 
Scientific Systems, Inc., 186 Alewife Brook 
Parkway, Cambridge, MA 02138. 

Radar/Sonar Systems Research. Sperry 
Research Center has a research staff opening 
for a Ph.D.E.E. with two to three years' ex-
perience in radar, sonar, or communication 
systems modeling and analysis. Background 
in linear systems, statistics, detection and 
estimation theory, digital signal processing, 
wave propagation, and computer simulation of 
systems is desirable. Familiarity with modern 
digital technology and radar/sonar hardware 
would be useful. Please submit resume and 
salary requirements to Janet Porretti, Sperry 
Research Center, 100 North Road, Sudbury, 
Massachusetts 01776. An Equal Opportunity 
Employer. 

Senior Electrical Engineer. Experienced Lead 
Engineer. Requires a B.S.E.E. and minimum 10 
years experience in all aspects of Design, Con-
trol and Start-up as applied to gas and 
petrochemical plants. In addition to leading 
the electrical effort on new projects this posi-
tion provides a rare opportunity to be actively 
involved in the reshaping of departmental 

policies and procedures. Career prospects are 
excellent. Excellent salaries and benefits. 4I/2 
day work week. Please forward your resumes 
to: Larry W. Massey, Director of Personnel, 
DAVY POWERGAS, Inc., 6161 Savoy Drive, 
Houston, TX 77036, (713) 782-3440. An Equal 
Opportunity Employer M/F. 

Senior Gallium Arsenide Technologist. A posi-
tion is immediately available for someone to 
initiate, plan, and direct R&D leading to 
fabrication of high-speed, low-power GaAs 
FET digital logic circuits. Job includes carry-
ing out R&D in materials selection, ion implan-
tation and annealing to obtain optimal doping 
profiles for FETs, design and layout of FET 
logic circuits, and evaluation of completed 
devices and circuits. The successful can-
didate will have a Ph.D. in EE or Physics, ex-
tensive "forefront" experience in research in 
at least several of the following areas: ion im-
plantation and encapsulation of GaAs wafers, 
design and testing of integrated GaAs FET 
logic circuits, fabrication metallurgy of GaAs 
FET devices, epitaxial growth and physics of 
short channel effects on FETs, and high 
resolution lithography. Please submit your 
resume, in confidence, to: Janet Porretti, 
Sperry Research Center, 100 North Road, Sud-
bury, Massachusetts 01776. An Equal Oppor-
tunity Employer. 

Assistant Professor— Fall 1978. Two posi-
tions; communications, digital electronics, 
with basic electronics or circuits background. 
M.S. required, PhD preferred. Must have com-
mitment to undergraduate education. Send 
resume, references to: C. Chevalier, Head, 
Engineering & Technology Department, Nor-
wich University, Northfield, VT 05663. An equal 
opportunity employer. 

The Higher Institute of Electronics, Beni 
Walid, Libya—Applications are invited for 
teaching staff members in the following fields: 
Mathematics; Physics; Engineering, Drawing 
and Descriptive Geometry; Mechanical 
Engineering; Mechanical Workshop Super-
visors; English Language (Preference will be 
given to native speakers with technical ex-
perience.); Circuit Theory; Electronics; Com-
puter Science; Communications; Instrumenta-
tion and control; Microwave and Radar 
Technology; Technicians required to run the 
various laboratories of the above fields. The 
minimum Qualifications for Academic Staff 
are M.SC. and/or Ph.D. (Teaching experience is 
preferred.) The minimum qualifications re-
quired for technicians is a City and Guilds 
Technicians Diploma or equivalent, 
(preference will be given to candidates with 
previous experience). Please forward your 
resume to the Embassy of the Socialist 
People's Libyan Arab Jamahiriya, Higher In-
stitute of Electronics, Cultural Office, P. O. 
Box 19281, Washington, D. C. 20036. 

Electrical Engineering. A position at the 
assistant/associate professor level is 
available beginning September 1, 1978. Ap-
plications will be accepted until July 15, 1978. 
Applicants are expected to possess a Ph.D. 
degree, or equivalent, with specialization in 
analog and digital automatic control. The ap-
pointee will be expected to teach both 
undergraduate and graduate courses in con-
trol system analysis/design and must 
demonstrate ability to initiate and conduct 
research. Applicants with industrial ex-
perience in control systems design and in-
strumentation are preferred. Send resume to 
Dr. R.M. McDonald, Chairman, Engineering 
Systems Division, University of Tulsa, Tulsa, 
OK 74104. This Division includes bachelors 
programs in electrical engineering, 
mechanical engineering, and systems 
engineering, and a masters program in 
engineering systems. The University of Tulsa 
has an Equal Opportunity/Affirmative Action 
Program for students and employees. 

Head. Electrical Engineering. University of Il-
linois. Applications are invited for the position 
of Head of the Department of Electrical 
Engineering, University of Illinois at Urbàna-
Champaign. Earned doctorate required. Other 
qualifications sought include an international 
reputation in electrical engineering, ad-

ministrative skill, excellence in teaching and 
research, and leadership in academic, 
technical and professional societies. Salary 
dependent on qualifications. Starting date, 
May 21 or August 21, 1979. To insure full con-
sideration, resumes should be received by Oc-
tober 15, 1978. Contact: Prof. Clyde E. Kesler, 
Chairman, Search Committee for E.E. Head, 
1108 Civil Engineering Building, Urbana, IL 
61801. The University of Illinois is an equal op-
portunity and affirmative action employer. 

Electrical Engineering: Assistant/associate 
professor position in accredited B.S. program 
is currently open. Applicants should have an 
earned doctorate and teaching experience in 
the digital area. Teaching assignments are 
flexible. Send resume to Col. Oren L. Herring, 
Jr., Head, Department of Electrical Engineer-
ing, The Citadel, Charleston, S.C. 29409. An 
equal opportunity/affirmative action employer. 

National University of Iran. Immediate faculty 
positions are available at the Departments of 
Systems Engineering and Computer Science. 
Instruction is in Persian. Send resume or in-
quiry to Dean of School of Information and 
Management Sciences, National University of 
Iran, Eveen, Tehran, Iran. 

Dean, Sciences and Technologies. University 
of Houston at Clear Lake City. UH/CLC is a 
rapidly developing upper level and graduate 
university located between Houston and 
Galveston near the NASA Space Center. The 
bachelor's and master's degree programs are 
offered in both Sciences and Technologies. 
Applicants should have an earned doctorate 
plus university- level administrative ex-
perience. Duties include long-range program 
development, resource procurement, com-
munity/industry liaison and limited teaching. 
Desired appointment: September 1978. Please 
send nominations and/or resumes, including 
salary requirements and 3 references by July 
1, 1978 to: Dr. Eldon W. Husband, Chair, 
Search Committee, University of Houston at 
Clear Lake City, 2700 Bay Area Blvd., Houston, 
Texas 77058. Equal Opportunity Employer. 

Sydney University—Australia. Lectureship in 
Electrical Engineering. Applicants should be 
experienced in the theory and practice of Com-
munication Engineering. Appointee will be ex-
pected to conduct undergraduate and 
postgraduate courses in Telecommunications 
field. Relevant higher degree and/or suitable 
research or industrial experience is required. 
Applications by 19 June 1978 to Registrar, 
University of Sydney, NSW 2006, Australia, 
from whom further information available. 

The Electrical Engineering Department at 
South Dakota State University is seeking ap-
plicants for an Assistant Professor position, to 
begin August 16, 1978. The preferred areas are 
power and computer systems. An earned doc-
torate in electrical engineering preferred, 
however, an M.S.E.E. with considerable in-
dustrial experience will be considered. The 
successful candidate will be expected to 
teach undergraduate and graduate level elec-
trical engineering courses, some with 
laboratories. An active interest in applied 
research is required. Salary is commensurate 
with background and ability and is based on 
the academic year. Closing date is July 1, 
1978. Send resumes and two references to Dr. 
Virgil G. Ellerbruch, Head, Department of Elec-
trical Engineering, South Dakota State Univer-
sity, Brookings, SD 57007. An equal oppor-
tunity/affirmative action employer. 

Research Engineer to assist in research con-
cerning wind power feasibility and economics. 
Duties include working with wind power equip-
ment, processing data, and assisting in writing 
reports and proposals. Experience in the areas 
of wind power, electric power generation, com-
puter data processing, electronics, and 
meteorology would be directly applicable to 
the position. Send application to Dr. Gary C. 
Thomann, Box 44, Wichita State University, 
Wichita, KS 67208. Wichita State University is 
an equal opportunity/affirmative action 
employer. 

(Continued on p.68) 



CALCULATORS 
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Hewlett-Packard 
14-10 Mand Printer 13995 
FP- 19C Print programmable 275.95 
HP.21 Scientific 54.95 
if-22 Fmanc,al 7995 
FP-25 Progammable 79.95 
1P-25C Programmable 127.95 
FP-27 Finance/kbithiStat 109 95 
4,29C Programmable 155 95 
F1.-67 Card Pre;rammable 359.95 
4..91 Scientific Printer 259.95 
If-92 Financial Printer 399.95 
FP-97 Cerd Print. Ream 599.95 
FLP."E" series 49 95 to 99.95 
67/97 Pace 28.95 
120 Vag Cards 39.95 

Texas Instruments 
Business Analyst 24.95 
A€A Financial 59.95 
T45015 Printer 64.95 
TI-5040 Print and DispLay 84 95 
71-505014 Kind Printer 84 95 
TI-5100 Desk-top 44 95 
SR-40 Scientific 22 95 
T1-55 Adv. Scientific 49.95 
T1-57 Progernrimble 59 95 
TI-S8 Programmable 97.95 
TI-59 Card Programmable 21995 
PC- 100A Printer tor 58/59 149.95 
58/59 Modules 29.95 

Smith Corona 2200-Pica or Elite 249.95 

Atari Video Computer-Prog. TV game 159.95 

For faster delivery use cashiers check or money order. 
Add shipping: 1% of your order ($2.00 min.). East of 
Mssp. Riv. add $ 1.00. Calif. Res. add 6% tax. (Visa/MC 
accepted. 3% surcharge on HP calcs.). Subject to 
availability. 

ORDER OUTSIDE 
TOLL-FREE 800-421-8819 CALIF. ONLY 

For technical information call (213) 744-1444 

tam's 
,NCOOPCIRAT•D 

Since 1947 

TAM's Dept. JSP 

3303 S. Hoover St 

Los Angeles, CA 90007 

(213) 744-1444 , 

Circle No. 218 

UNIVERSITY OF 

SALFORD 

CHAIR OF 

CONTROL ENGINEERING 

Applications are invited for the Chair 

of Control Engineering in the Depart-

ment of Electrical Engineering. The 
interests of the Department include the 

following areas: Control of Machines 
and Power Systems, Computer Simu-
lation, Microprocessor Applications 

and Control Theory. Although, in gen-

eral, the emphasis of the work is on 

electrical engineering applications of 
control, suitable candidates with other 

related interests will be considered. 

The salary will be within the profes-

sorial range, the minimum of which is 

£8900 per annum. 

Applications should be received by the 

Registrar, The University of Salford, 

Salford M5 4WT, England (from whom 

further particulars may be obtained) by 

23 June 1978. Please quote reference 

number E/ 197/S. 

ciassined advertising 
(Continued trom p.67) 

Two Faculty Positions. Ph. D. preferably in 
electrical or systems engineering. One should 
have in-depth capabilities in at least one of the 
following areas: instrumentation and elec-
tronics, power, controls, and systems. The 
other position is in digital systems. Beginning 
August 15, 1978. Assignments will include 
teaching graduate as well as undergraduate 
courses, graduate thesis supervision, and in-
dependent research. Teaching and industrial 
experience desirable. Assistant professor 
preferred. U.S. citizenship or permanent 
residency visa status required. To ensure full 
consideration, send resumes by July 5, 1978. 
to Dr. J. G. Smith, Chairman. Electrical 
Sciences and Systems Engineering, School of 
Engineering and Technology, Southern Illinois 
University at Carbondale, Carbondale, Illinois 
62901. An equal opportunity/affirmative action 
employer. 

Energy Research- Washington, D. C. based 
national association of consumer owned elec-
tric utilities seeks dir. of energy research with 
responsibility for analyzing Federal and in-
dustry R&D programs; administering assoc. 
research grants; preparing statements for Con-
gr. and Exec. agencies; assisting members in 
power supply, environmental regs.; liaison 
with DOE, EPRI. BSEE or related technical 
degree required. Previous utility experience 
preferred. Salary: $23,500. EOE. Send resumes 
to: American Public Power Association, 2600 
Virginia Avenue, N.W., Washington, D. C. 
20037. 

Designer. Graduate E & EE, Power Demand 
Controllers, Programmable Controllers, 
Voltage Stabilizers, Computerized Control 
Systems. 5 years exp. Write: Oueensboro 
Transformer & Mach. Co., 115-25 15th Ave., 
College Point, NY 11356. 

Faculty Position in Electrical Engineering. Ap-
plications are invited for a faculty position 
with responsibilities to include teaching at 
both undergraduate and graduate levels, and 
participation in research. Applicants should 
hold the Ph.D. degree in Electrical Engineering 
and have a background in digital computer ap-
plications or computer engineering. The ability 
and desire to attract and conduct research is 
essential. Industrial and teaching experience 
is desirable. Electrical Engineering Depart-
ment with 20 full time faculty housed in 95,000 
square feet of new space offers programs 
leading to B.S.. M.S. and Ph.D. degrees with 
specialization in computer, control, com-
munication and power systems and in 
microelectronics. Rank and salary commen-
surate with qualifications. Preference will be 
given to equally qualified minority and female 
applicants. Send resume to Dr. B. J. Ball, 
Head, Department of Electrical Engineering, 
Mississippi State University, Drawer EE 
Mississippi State, MS, 39762. An equal 
opportunity-affirmative action employer. 

Electrical Engineering and Engineering and 
Public Policy. The Department of Electrical 
Engineering and The Department of Engineer-
ing and Public Policy at Carnegie-Mellon 
University are seeking a candidate for a joint 
appointment at the level of Assistant or 
Associate Professor. Candidates must have 
strong credentials in Electrical Engineering 
and demonstrated research ability in the area 
of public policy. Areas of particular research 
interest include telecommunications policy, 
electric power load management, and social 
impacts of computer technology. Send resume 
and list of publications to: Ms. I. Barbara 
Lydon, Assistant Head, Engineering and 
Public Policy ( IES), Carnegie-Mellon Universi-
ty, Pittsburgh, Pennsylvania 15213. 

Senior Electronic Engineer. Creative individual 
to present new projects to various levels of 
management and to coordinate a team of 
specialists engaged in the development of pro-
ject plans, primarily in power systems. EE 
degree and experience in utility systems, 
power generation, transmission and genera-

tion and/or power system for industrial ap-
plications. Send resume in confidence to: JET 
PROPULSION LABORATORY, Professional 
Staffing, Dept. 761, 4800 Oak Grove Drive, 
Pasadena, CA 91103. An Equal Opportunity 
Employer. 

Experienced Research Engineer for newspaper 
research. Areas of activity could include fac-
simile, electronic imaging, equipment control 
and microprocessor applications. Minimum 
qualifications are BS in electronics or physics. 
Salary commensurate with experience. Send 
resume to ERVVIN JAFFE, Director, ANPA 
Research Institute, P.O. Box 598, Easton, PA 
18042. 

Positions Wanted 

Classified Advertising Rates for 
"Positions Wanted" column: $15.00 
per line. 50% discount for members 
of IEEE (please supply membership 
number with copy; 50% discount ap-
plies only in " Positions Wanted" 
column, not in " Positions Open"). 
Copy must be received by the 10th 
of the month preceding date of 
issue. Address replies to Box 
Number given, c/o IEEE Spectrum 
Advertising Department, 345 East 
47th St., New York, N.Y. 10017. 

B.S. Electrical Engineering; Ph.D. Physics 
(Minor Computer Science); 3 yrs. industrial ex-
perience; Pt. time business courses in GSIA 
Carnegie-Mellon U. Seeks position in industry. 
Box 8544. 

Proposal Mgr.-25 yr. exp. Aerospace new 
technologies, seeks university position, win 
govt grants (funds). Box 8545. 

If you are not 
subscribing to the 
PROCEEDINGS 
OF THE IEEE, 
you may be 
underestimating 
yourself. 

If you are interested in going 
beyond your own specialized field . . . 
If you recognize the need to monitor 
developments in other fields that relate 
to your own . . . If you are curious about 
new research and developments in 
electrical and electronics engineering. 
the PROCEEDINGS OF THE IEEE is 
for you. 

Published monthly. the PROCEEDINGS. 
interdisciplinary by design, covers in 
depth the major advances in increasingly 
related fields. If you haven't seen 
the new PROCEEDINGS, you are in for 
some pleasant surprises. 

Write for descriptive folder today. 

I AB 

IEEE SERVICE CENTER 
445 Hoes Lane 
Piscataway, N.J. 08854 

IMML 
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New product applications 
Solid-state programmable limit switch 
can replace cam-operated counterpart 

This programmable electronic limit 
switch is designed for OEM and plant 
production equipment used in such in-
dustries as steel, packaging, bottle and 
can manufacturing, metal working, 
plastics, printing, pulp and paper, and 
materials handling. 
On an installed-cost basis, the switch 

is competitive with cam-operated limit 
switches, according to its manufacturer. 
It can be incorporated directly into OEM 
equipment or installed in the field to 
retrofit existing plant equipment. 
Advantages of the switch over elec-

tromechanical limit switches include: 
stable repeatability; faster programming 
setup, and adjustment; maintenance-
free, long- life operation; and provision 
for increased machine operating speeds 
of up to 100 r/min or more. 
The programmable switch consists of 

seven modules, which, in combination, 
can provide any number of limit con-
trols. Plug-in limit-setting modules and 
relays allow other limits to be added in 
the field. Limits may be adjusted to any 
value, at the turn of a dial, with no 
machine downtime. 
The only part of the switch system 

mounted on the machine is the elec-
tromagnetic transducer. Other 
modules are connected to the 
transducer by a single four-conductor 
cable with a length of up to 500 feet ( 152 
meters). 
The switch, known as " Dial- a- Limit, -

provides stability within ± 0.25 
degree—a level far better than what is 
available using cam-type controllers. 
The switch's new design completely 
eliminates parts that wear out or need 
periodic adjustment. 
Two types of limit-control output are 

offered by the Dial- a- Limit switch 

system: DTL/TTL-compatible transistor 
switch output for direct connection to 
logic-control systems, or single- pole 
double-throw relay output for direct 
machine control. Because position 
measurement is absolute, the accuracy 
of the output is not affected by power 
fluctuations. 
Other features of the switch system 

include simple, terminal- block wiring, 
snap-track mounting of control and relay 
units, and plug-in mounting of limit 
modules and relays. A full 0- to 
360-degree range in limit setting is 
available. 
The switch system is available off-the-

shelf for immediate delivery. 
For technical and price information, 

contact the manufacturer, Astro-
systems, Inc., 6 Nevada Dr., Lake Suc-
cess, N.Y. 11040 Circle No. 40 

This solid-state limit switch system is expected to find application in equipment now 
using electromechanical cam-type switches or solid-state proximity units. 

5- MHz microprocessor 
exceeds 8080A and 8085A performance levels 

The 8085A-2 microprocessor is com-
pletely compatible with other MCS-85 
family members. This 5- MHz, 8- bit 
microprocessor accepts 8080A software 
programs without the need for any 
modification, and is bus compatible with 
8080A components. 
The 8085A-2's throughput rate can be 

increased by more than 2.5 times that of 
the 8080A microprocessor. Its instruc-
tion time is 800 ns. The new system re-
quires only a single + 5-volt power sup-
ply for all components, including eras-
able PROMs. This contrasts with three 
supplies for an 8080A microprocessor. 
A typical three-chip 8085A-2 system 

can replace up to ten or more 8080A 
system components, and each 8085A-2 
component can replace a group of three 
to five 8080A components. Buffers are 
required only in larger systems. 

The 8085A-2- based system includes 
the MCS-85 microcomputer system com-
ponents family, compatible MCS-80 
devices, and a line of support products. 
Like the central processing unit, MCS-85 
components will be available in selected 
high-speed versions as well. MCS-85 
components allow a complete system to 
be built using only three devices: the 
8085A or 8085A-2 central processing 
unit; the 8156 or 8256-2 2- kb random-
access memory, input/output port, and 
timer; and the 8355-2 16-kb read-only 
memory and input/output port ( inter-
changeable with the 8755A or 8755A-2 
EPROM and input/output port). 
The three devices provide a 5-volt 

system with a central processing unit, 
256 bytes of read/write memory, 2 
kilobytes of program storage, 38 pro-
grammable parallel input/output lines, 

serial input/output ports, a system 
clock, a system controller, multilevel 
maskable vectored interrupt, and a pro-
grammable timer and event counter. 

Typical instruction cycle time using 
an 8085A-2 based system is 0.8 jis, with a 
5-MHz clock rate that can be set with a 
crystal oscillator or a TTL clock input. 

Each 8155 or 8156 2-kb random-access 
memory, input/output port, and timer 
module is comparable to two 256- by 
4- bit static random-access memories, 
and also contains 22 programmable in-
put/output lines and a 14- bit program-
mable timer/counter. 
The 8755A 16- kb EPROM and input/out-

put port contains a 2048- by 8- bit PROM 
that can be erased with ultraviolet light 
and is electrically reprogrammable. 
Samples of the 8085A-2 are available. 
Full details may be obtained from the 

manufacturer, Intel Corp., 3065 Bowers 
Ave., Santa Clara, Calif. 95051. 
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the better 
idea in 
current 
sensing... 
from 
F.W. Bell 
a complete line of 
non-contacting 
sensors for AC & DC 

e 

U*01 hit SEN.* 

1111.1.1 

11111=11,--

Model IA 
(DC) 

• Complete Isolation 
• Fast Response • Low Cost 
• Zero DC, and negligible AC, 

insertion loss 
• Linearity 2% FS 
• Small, Lightweight 

With their many advantages, Bell Current 
Sensors are replacing shunts, current trans-
formers and ferromagnetic saturation devices 
in a broad variety of applications. No break 
in the circuit is required, since the conductor 
being measured merely passes through the 
aperture. Sensing is by means of a Hall 
generator. 
Get all the details on Bell Current Sensors 
by requesting free literature on The "ID" 
and " IA- lines. 

-7 .ZAJ  ELL INC 
A Subsidiary of 

The Arnold Engineering Company 

4949 Freeway Drive East Columbus. Obio 43229 

Phone: (814) 888.7501 TWX . 810-337-2851 

New product 
applications 
IC counters offer 
three-state outputs 

The Am25LS2568 and Am25LS2569 are 
programmable up/down aco and binary 
counters respectively. They feature 
three-state outputs and a choice of syn-
chronous and asynchronous clear. Max-
imum clock-to-output delay is 27 ns. 

Fabricated with low-power Schottky 
technology, the devices replace up to 
five ssi anfl msi packages that were 
previously required to implement the 
equivalent function. They are available 
in 20-pin molded and ceramic dual- in-
line and flat packages for use over 
military and commercial operating 
temperature ranges. 

Prices start at $2.90 for the molded 
package in 100-unit lots. 
Advanced Micro Devices, Inc., 901 

Thompson Pl., Sunnyvale, Calif. 94086. 
Circle No. 42 

DIP-type NiCd battery is 
designed for PC-board use 

The " DataSentry" DIP-type NiCd battery 
is rated for 70 mAh at 15 mA. It will 
typically power a small memory, drawing 
10 µA for nearly three months, or a 
larger memory, drawing one-half ampere 
for more than five minutes. It is offered 
in voltage modules of 2.4 or 3.6 volts dc. 
The modular approach allows building 
up of battery system voltage. 
The battery can also be used as an 

electronic component. It can be 
constant- current overcharged con-
tinuously, to keep it in a " ready serve" 
mode, with only a few milliamperes. 

Storage-temperature range is -40 to 
+ 50°C. The battery is rated for a 65-mA 
capacity at a one-hour discharge rate, 
and is designed for a continuous over-
charge rate of 7 mA. 

In 1000-4999 quantities, unit price is 
$2.32 for the 2.4-volt battery and $3.48 
for the 3.6-volt version. 

General Electric Co., Battery Dept., 
P.O. Box 861, Gainesville, Fla. 32602. 

Circle No. 43 

Photodetectors match 
eye's spectral response 

This series of photodetectors closely 
matches the spectral response of the 
human eye in light- intensity measure-
ment and control applications. No cor-
rection factors are required to obtain an 
output indication in lumens, regardless 
of the light source measured. 

Six different active areas from 1 to 300 
mrn2 range in responsivity from 0.03 to 
90 nAllux to cover most requirements. A 
hybrid circuit is also available, which 
provides a near linear response over a 
wide range of input light levels up to 15 
lumens. It operates at voltages from ± 2 
to a single- rail 40 volts. Typical respon-
sivity of the hybrid photodiode/ 
amplifier at 20°C and ± 15 volts is 20 
mV/lux. 

Prices range from $10 to $90 depend-
ing on quantity and surface active area. 

Centronic, 1101 Bristol Rd., Mountain-
side, N.J. 07092. Circle No. 44 

Portable 225- MHz counter 
is priced at $295 

The model 5725C is a 225-MHz, direct-
count, three-function counter that 
operates from any external 9- to 15-volt 
dc source such as a car battery or air-
craft power supply. It can also be 

operated from the ac power line with an 
optional converter. 

Unit priced at $295, the instrument 
uses a single switch for selection of 
readings in Hz, kHz, and MHz over a 
range of 10 Hz to more than 225 MHz 
with a nominal sensitivity of 50 mV. 

Readouts to full resolution are made 
in 1 second, and selective-signaling 
audio tones may be measured to 0.1 Hz 
resolution in 10 seconds. Totalizing is 
achieved with the front- panel control, in-
cluding start and stop positions, and a 
reset push button. 
Marketing Dept., Ballantine 

Laboratories, Inc., P.O. Box 97, Boonton, 
N.J. 07005. Circle No. 47 

Video display has 
1100- line resolution 

Worst-case resolution of this video 
display monitor is 1100 lines at 100 
cd/m2 (30 fL). This is equivalent to 660 
lines worst case at a 90- percent modula-
tion index. This high brightness and 
resolution mean a greater black- to-
white range for better gray-scale im-
ages. Gray-scale images will not wash 
out, even in high ambient light. 

In medical imaging, the monitor finds 
application in multiple-image displays, 
B- scan ultrasound displays, image-
processing displays, and CT displays. In 
the analytic field, the unit may be used 
for scanning electron-microscope ap-
plications. Other uses include displays 
for electronic countermeasure systems 
and industrial or government security 
systems. 

Price of the 634 video display in single 
quantities is $ 1125. OEM discounts are 
available for quantities of ten or more. 

Tektronix, Inc., P.O. Box 500, Beaver-
ton, Oreg. 97077. Circle No. 46 

Differential fluid pressure 
transducers have wide ranges 

Designated the LX17XXDD and LX17XX-
DDF series, these transducers are 

Circle No, 7 
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MEASURE 
these specs 
against any other 

vector 
voltmeter 
Li 1.5 MHz to 2.4 GHz 
El to ± 1° phase accuracy toi GHz 
El 70 db dynamic range to 2 GHz 
Lii 50 ohm sampling head standard 

Now, use this 

Series 2020 
to measure: 
• network parameters 
• gain/attenuation 
• group delay 
• phase shift 
• frequency response 
• voltage/power ratio 

Series 2020 
You can also have it programmable 

to automate your RF and microwave 
testing send for latest data or call 

Harris Corporation, PAD Electronics 
Division, 6801 Jericho Turnpike, 
Syosset, NY 11791. (516)364-0400 

erl HARRIS u un. 
COMMUNICATIONS AND 

INFORMATION HANDLING 

Circle No. 10 

New product applications 

available with differential pressure 
ranges of -5 to + 5 lb/in'd, 0 to 15 lb/in'd, 
0 to 30 lb/in'd 0 to 60 lb/in2d, 0 to 100 
lb/in'd, 0 to 300 lb/in'd, and — 15 to + 15 
lb/in'd, with common-mode pressure 
from 30 to 300 lb/in'. 

Both series of differential pressure 
devices are housed in a brass package 
that provides total mechanical isolation 
of the transducer element. This 
eliminates any sensitivity to stress, such 
as may be created by mounting the 
transducer. 
The devices deliver output voltages 

within better than 1 percent accuracy. 
Price of the LX17XXDD series is $105 
each (quantities of one to 24) in any 
operating pressure range; price of the 
L.X17XXDDF line is $ 125 each in these 
quantities. 
National Semiconductor, 2900 

Semiconductor Dr., Santa Clara, Calif. 
95051. Circle No. 45 

32k and 64k ROMs offer 
300-ns access times 

The 2332 ROM stores 32 kbits, and the 
2364 ROM stores 64 kbits. Both operate 
at 300-ns maximum access time; use a 
single + 5-volt, ± 10-percent power sup-
ply; and are directly TTL compatible on 
all inputs and outputs. 
The family features a separate output 

enable function to eliminate bus conten-
tion and to assure compatibility with the 
multiplexed bus structures of new 
microprocessors. The devices are inter-
changeable with the new generation of 
5-volt EPROms and will be compatible 
with future devices storing more than 64 
kbits. 
The 2332 ROM costs $27 in a plastic 

package and $32.25 in a cerdip package; 
the 2364 ROM costs $53.50 in a plastic 
package and $67.25 in a cerdip package. 

Intel Corp., 3065 Bowers Ave., Santa 
Clara, Calif. 95051. Circle No. 48 

TO-5/1-0-39 heat sinks 
are OEM priced at 3.2e 

The 6200 series of heat sinks clip on a 
device without the need for special 
tools. A press- fit between the device and 
the heat sink provides an excellent path 
for heat conduction and insures positive 
device retention. 
Typical case- to- ambient thermal 

resistances at 75°C case-temperature 
rise are as follows: 6201PB-54°C/watt, 
6202PB-43°C/watt, and 6203PB 
—38°C/watt. 
Designed for TO-5 and TO- 39 

packages, the series is offered in a 
preblack anodized finish per MIL-A-8625 
Type Il. Typical pricing for the 6201 PB is 
3.2 cents in quantities of 10 000. 

Thermalloy, Inc., Dept. M, 2021 W. 
Valley View Ln., Dallas, Tex. 75234. 
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4k RAMs offer access 
times from 120 to 250 ns 

The 2141 family of HMOS 4096- X 1- bit 
RAMS consists of seven types that pro-
vide four speed versions and three low-
power selections. Maximum access 
times range from 120 to 250 ns. 

Temperature 

Monitoring 

comes to 

CAMAC 

Available 

in 

July ! 

Features of the 3525 Module 
Interfaces thermocouples without any ex-
ternal amplification or signal conditioning 

Temperatures are read on the Datavvay in 
degrees Celsius or Fahrenheit 

Thermocouple linearization and alarm limits 
provided on all 16 channels of differential 
inputs 

On-board microprocessor scans inputs, cal-
culates temperature, and compares it to 
preset limits 

LAM interrupt on out- of- limit temperature 

The CAMAC ( ANSI/IEEE-5831 modular 
interface standard is your link to proven 
system design for computer-automated 
monitoring and control. It offers you mod-
ular expansion, computer independence, 
fast access of remote points, and distributed 
intelligence and control. We can provide 
CAMAC systems tailored to your needs 
from a full line of stocked process I/O mod-
ules and equipment as well as software to 
handle them. Write or call today for more 
information on our 3525 Temperature 
Monitoring module and our brochures 
about CAMAC. 

KineticSystems 
Corporation 

Dept. SP68 
11 Maryknoll Drive 

Lockport, Illinois 60441 
(815) 838 0005 

Dept. SP68, 6 Chemin de Tayernay 
1218 Geneva, Switzerland (0221 98 44 45 
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ENGINEERS (Communications) 

A role in 
developing the new 
"SINCGARS"VHF--
that's the kind of 
challenge you'll find at 
ITT Aerospace/Optical. 
There's a lot going on at ITT Aerospace/Optical Division 
in Fort Wayne, Indiana, to quicken the pulse of an ambitious 
communications engineer. Our new contract to develop the 
U.S. Army's new generation battlefield tactical VHF radio 
is a case in point. 

SINCGARS (Single Channel Ground/Airborne Radio System) 
is a secure radio that will use the latest frequency-hopping 
anti-jamming techniques. Like our other radio communications 
and air traffic control programs, it extends the state-of-the-art 
and translates it into new and widely diverse fields of application. 

If you thrive on challenges of a high order, and are looking 
for a position that offers wide opportunity for rapid and sustained 
professional growth, we look forward to reviewing your 
qualifications for immediate openings in the following areas: 

la RF System Analysis and Design 

• Portable Transceiver Design and Applications 

• Digital and Spread Spectrum Communications Systems 

• Modulation Techniques ( FM, FSK, PSK) 

• Frequency Synthesizers 

• COMSEC and Tempest Design 

• Mechanical/Thermal Packaging 

• Microwave Automatic Test Equipment Design 

• RF Power Amplifier Design 

• Miniaturized Power Supply Design 

la Conversion of Circuit Designs into LSI Form 

We're located in Fort Wayne — a city that offers fine cultural, 
educational and recreational attractions, non-stressful family 
living, and an enviable cost-of- living. 

To arrange appointment, 

Call collect 9 AM - 3 PM 
Larry Haynes at (219) 423-9636 

Or send your resume, including salary history to: 
Mr. Larry Haynes, ITT Aerospace/Optical Division, 
3700 East Pontiac Street, Fort Wayne, Indiana 46803. 

AEROSPACE/OPTICAL ITT 
An Equal Opportunity Employer, M/F 

e  

New product 
applications 

Minimum cycle times equal maximum 
access times. All seven devices use a 
single + 5-volt, ± 10- percent power sup-
ply and are TTL compatible on all inputs 
and outputs. 
The family offers low power re-

quirements combined with fully static 
operation. The " L" series device, for ex-
ample, operates with only 40-mA max-
imum supply current. Current drops 
automatically to 5 mA maximum when 
the devices are deselected. 

Prices for the family start at $ 18.75 in 
quantities of 100 to 999. The seven types 
are available from stock in standard 
18-pin cerdip or plastic dual in- line 
packages. 

Intel Corp., 3065 Bowers Ave., Santa 
Clara, Calif. 95051. Circle No. 50 

Connectors speed 
ribbon-cable termination 

These series of planar (ribbon) cable 
connectors have been designed for use 
in microcomputer systems, minicom-
puters, stand-alone logic assemblies, 
and backpanels—as well as a wide 
variety of test and measurement hard-
ware. 
The 804-series of DIP/socket connec-

tors accepts 28 stranded and 28 and 30 
solid AWG conductors. The connector 

features a fixed 0.033-cm IDC contact 
with a dual-beam configuration. The 
connectors are available with 14-, 16-, 
21-, and 24-position versions. 
The second of the planar cable con-

nectors is the 805 series, which inserts 
into IC sockets and provides planar 
cable interconnection to PC boards. 
The 804-series connectors are priced 

at 0.09 cent per contact in quantities of 
1000 pieces. The 805-series connectors 
are priced at 0.06 cent per contact in 
these quantities. 

Spectra-Strip, 7100 Lampson Ave., 
Garden Grove, Calif. 92642. 

Circle No. 51 

TV demodulator has 
direct channel selection 

This transparent demodulator unit 
features direct channel selection for 
easy shifting to other RF sources. The 
PM5560 offers synchronous and 
envelope detection, which provides ac-
curate demodulation, especially at high 
modulation levels. Automatic gain con-
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HONEYWELL'S Avionics Division in Minneapolis, creators of systems and components for highly 
advanced technological applications such as the Space Shuttle, currently has exciting career 
opportunities for entry level and experienced engineers. We're seeking innovative BSEE Engineers who 
thrive on professional challenge and welcome increased responsibility. Product applications will include 
radar altimeter development, commercial avionics, microwave component design and system concept 
definition. 

DESIGN ENGINEERING 
• Test Equipment 
• Mechanical Packaging 
• Digital Logic 
• Heat Transfer/Circuit Design 
• Thin Film Lab 
• Microwave Systems 
• Digital. Optical Systems 
• EMS Analysis/Test 
• Structural Analyst 
• Metallurgy 

PRODUCTION ENGINEERING 
• Automatic Test Equipment ( processing,produc-

tion, trouble shooting electrical and electro 
mechanical devices) 

• Air Craft Flight Systems ( analyze and trouble-
shoot digital and analog electronic circuits) 

• Instrumentation ( production of C-Band radar 
testing and processing) 

• Inertial Components (gyros and laser gyro test-
ing with ATE and computer programming 
familiarity) 

• CAD/CAM (computer aided design/computer 
aided manufacturing) applying of CAM system 
to production of PCB assembly, involving circuit 
layout, NC drill, AI and automatic test. 

QUALITY ENGINEERING 
• Digital and Analog Circuit Component Testing 
and Inertial Guidance Components Testing 
(product assurance program development) 

RELIABILITY ENGINEERING 
• Circuit Analysis and electronic equipment 

production 

COMPUTER APPLICATION 
ENGINEERING 
• Software Design Realtime Application 
(programming in scientific application with 
FORTRAN and assembly plus software coding) 

• ATE Systems Software ( develop realtime 
peripheral drivers and code generation with 
assembly and FORTRAN) 

• Microprocessors ( software development, 
system architectures, project management) 

• Minicomputers ( applications programming for 
computer support systems with FORTRAN and 
assembly) 

FIELD SUPPORT ENGINEERING 
(These positions offer a lucrative per-diem 
package and a choice of attractive locations across 
the country.) 

• Application Software ( software and Program 
testing utilizing ATLAS ELAN. and DAP- 16) 

• ATE Maintainence- Computer Peripherals ( ATE 
hardware and software self testing and trouble-
shooting) 

• Space Shuttle - Engine Controller and Compon-
ents ( programming with digital computer type 
test equipment) 

COMPONENTS APPLICATIONS 
ENGINEERING 
• Electromechanical/Solid State ( regulated 
power supply design and magnetic components 
for aircraft applications) 

TECHNICAL WRITERS 
• Technical Manual and Instructional Material for 

aeronautical equipment and systems 

Your ability to match professional talents and a desireto grow with our requirements, will be rewarded with 
a highly competitive compensation and benefits package. An added plus is the uniquequality of life found 
here ... every conceivable recreational choice... top major league sports... old world neighborhoods and 
spacious suburban settings ... the best in health care, education and cultural interest ... and more. 

Please send comprehensive resume with salary requirements to 

John Buck 
HONEYWELL 

Avionics Division 
2600 Ridgway Parkway 

MN17-1507 
Minneapolis, MN. 55413 

HONEYWELL IS AN EQUAL OPPORTUNITY EMPLOYER ACTIVELY SEEKING APPLICANTS UNDER 
ITS AFFIRMATIVE ACTION PROGRAM 

li 
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ELECTRICAL ENGINEERS 
The Austin Company has immediate openings in: 

Cleveland • Atlanta • Chicago 

Detroit • Kansas City • Houston 

Los Angeles • Seattle 

Varied industrial and commercial projects including aircraft manufacturing 

and overhaul facilities, chemical plants, food processing plants, foundries, 

cement plants, hospitals, banks, newspapers, television stations, laboratories, 

merchandising facilities and general manufacturing plants. 

Full company benefits including a non-contributory pension plan, excellent 

working conditions in modern facilities—and a career opportunity. 

Send resume including educational background, salary requirements, availability 
and location preference to: Personnel Manager/The Austin Company/3650 
Mayfield Road/Cleveland, Ohio 44121. 

An equal opportunity employer. 

THE AUSTIN 
COMPANY 

Designers- Engineers-Builders 

POWER ENGINEERS 

Opportunities to participate in exciting and challenging development of 
superconductivity applications to power systems, such as dc power 
transmission, at the Los Alamos Scientific Laboratory. 

Candidates desired with advanced degree in Power Engineering and/or 
experience in electric utility or power equipment manufacturing industries. 
Experience with superconductivity or cryogenics not required. Re-
sponsibilities will include one or more of the following: 

• Power System Studies—Modeling; Technical/Economic 
Evaluation 

• Dielectrics Testing 
• Liaison with Electric Utility Industry/Manufacturers 
• Cable Design/Procurement 

The University of California's Los Alamos Scientific Laboratory offers 
excellent working conditions and fringe benefits, including 24 days annual 
vacation, ample sick leave, and a progressive retirement plan. Located 
high in the mountains of northern New Mexico, the living is uncrowded, 
casual; the environment is nearly as nature created it; the climate is 
superb-cool summers and mild winters; recreational opportunities 
abound. 

Please send complete resume or request application from: 

Leo Gonzales, Employment Representative 
Division-78-MM 

Los Alamos Scientific Laboratory 
P.O. Box 1663 

Los Alamos, New Mexico 87545 

AN AFFIRMATIVE ACTION/EQUAL OPPORTUNITY EMPLOYER 
WOMEN, MINORITIES, VETERANS, HANDICAPPED, URGED TO APPLY 

U.S. CITIZENSHIP REQUIRED 

• 

New product 
applications 

trol eliminates possible measuring er-
rors caused by drift of the transmitter 
output level. 
VHF range of the TV demodulator is 40 

to 300 MHz; the UHF range is 470 to 960 
MHz. Modulation can be adjusted and 
checked without special equipment with 
the built-in test carrier and sound-
deviation meters. 

Philips Test and Measuring In-
struments, Inc., Mahwah, N.J. 

Circle No. 52 

13- MHz signal source 

is programmable 

The model 172A programmable signal 
source offers full 13-MHz synthesizer 
performance, an interactive front panel 
with 40-character display, and storage 
for up to 100 all- parameter generator set-

tings. A microprocessor can relieve the 
system controller of formatting respon-
sibility. 

This signal source provides full func-
tion generator versatility in addition to 
51/2 -digit synthesizer resolution. 
Modular construction with low calibra-
tion interaction minimizes down time. 

Price is $4300, with a delivery time of 
30 days. 

Wavetek, P.O. Box 651, San Diego, 
Calif. 92112. Circle No, 53 

System " compresses" 

video signals 

The model 260B video compressor ac-
cepts signals from a conventional CCTV 
camera and reduces the bandwidth by a 
factor of several thousand for coupling 
to the telephone system. Still pictures 
only are transmitted, with a typical 
frame time being 78 seconds per image 
for medium resolution of 256 X 512 pic-
ture elements. A companion device, the 
model 275 video expander, must be used 
at the receiving location to reconstruct 
the television image. 
The 260B may be used with the normal 

dial-up telephone network, leased lines, 
radio links, microwave links, or satellite 
channels to provide low-cost visual com-
munications. 
A small remote panel permits the user 

to select from three separate video input 
signals, to initiate or terminate a 
transmission at any time, and to pause 
in the middle of a transmission for split 
screen effects. 
Colorado Video, Inc., Box 928. 

Boulder, Colo. 80306. Circle No. 56 
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avocations 
DVMs "process" 

own measurements 

This line of 51/2- and 61/2-digit voltmeters 
feature a choice of processing programs 
and interface options. Eight programs 
compute various results using the 
measurements as base data. A ninth 
program employs an internal clock as a 
time reference and offers full time con-
trol over measurements. Start, stop, and 
interval between measurements can all 
be set on a time base of 96 hours. 

Processing capability includes: offset, 
multiplication, ratio, limits, percentage 
deviation, maximum, minimum, peak-to-
peak, temperature, and statistics. For 
systems use, there are four interface op-
tions available: BCD, binary, RS 232, and 
IEEE Standard 488. 
The 51/2-digit model is priced at $2995; 

the 61/2-digit model costs $3995. The pro-
cessing option is an additional $990. 
Guildline Instruments, Inc., 2 

Westchester Pl., Elmsford, N.Y. 10523. 
Circle No. 54 

PROM system 
programs FPLAs 

The "Smarty" is a universal PROM pro-
gramming and emulating system that 
comes complete with built-in program-
mer, a 1k X 8 PROM simulator editor, and 
a punched-paper-tape readér controller. 
The permanently connected " per-

sonality slaves" are available for all 
PROM families, all individual PROMs, and 
FPLAs. Up to 15 slaves can be daisy-
chained to the system for single- or 

multiple- unit programming. All slaves 
have their corresponding PROM 

/FPLA/RAM part numbers printed on them 
to simplify use. 
The system has RS-232 and 20-m cur-

rent loop TTY interfaces, keypad and ter-
minal control, and a production- line op-
tion that will burn in 240 PROMs 

simultaneously. 
Price is $1595. The optional 

microcassette drive is priced at $696. 
Family and unit slaves are $ 195 to $450. 

Sunrise Electronics, 307-H S. Vermont 
Ave., Glendora, Calif. 91740. 

Circle No.55 

Analog board mates 
with popular minicomputers 

This single- board analog-output system 
plugs directly into the backplane of 

AERONUTRONIC 
Newport Beach,CA 

At Aeronutronic. leader in high technology electronics. electro-optics. laser and radar 
systems. you'll encounter a galaxy of professional opportunitiés. A wide range of new and 
on-going programs create a challenging work atmosphere and real career stability. Why 
not follow The Force to one of these positions? 

Electro-Optical 
Systems 
• Laser Optics Engineers 
• Optical Lens Designers 
• IR Seekers 
• FLIR Design 
• Digital Systems Design 
• System/Sensor Analysis 
• Fire Control Analysis 
• Control System Analysis 
• Optical System Conceptual Design 
• Program Management 
• Circuit Design Engineers 

Analog & Digital 
Electronic Packaging 

Research & Advanced 
Development 
• Electronic Engineers 
• Semiconductor Devices 
• Thermal Imaging Technology 
• Hybrid Micro Electronics 
• Mechanical/Opto-Mechanical 

Engineers 
• Reliability Engineering 

Electronic Engineers 
• Design of circuits for servo controls. 

active filters and computer I/O 
• Design of circuits for microproces-

sor- based systems. digital controls, 
computer I/O and MIL-STD- 1553 
type base and controller 

• Hands-on design tasks with an ex-
panding design group 

Advanced Tactical 
Missile Systems 
• Radar Engineers 
• Transmitter Modulator Design 
• Electronic Engineers 
• Test Support Equipment 
• Mechanical/Opto-Mechanical 

Engineers 

• Reliability Engineering 
• Software Engineers 
• Systems Safety Engineer 

Missile and 
Satellite Control 
• Systems Analysis Engineers 
• Control Systems Analysis 
• Classical or Modern Techniques 
• HEL Beam Steering Systems 

Ordnance and 
Fire Control 
• Proximity Fuze Engineers 
• Ordnance Development Engineers 
• E/0 Fire Control Systems 
• Safe Arm Devices 
• Active/Passive Target Detection 

Hybrid 
Microelectronics 
• R&D Engineers 
• Applications Engineers 

Circuit Partitioning 
• Design, Layout Engineers 

In addition to our highly desirable Newport Beach ( Orange County) location, you will 
receive a competitive salary and a generous benefits package. Our fringe benefits include 
13 paid holidays, group medical, dental and life insurance, paid vacation, paid prescrip-

tion drug plan, savings and stock investment plan, retirement plan. car purchase. tuition 
assistance and relocation assistance. Send resume to. G.E. Gerner. Professional Place-
ment. Dept. FA- 03 Ford Aerospace & Communications Corporation, Ford Road. 

Newport Beach, CA 92663. 

We are an equal opporturnty 
employer M F H 

fa, 
Ford Aerospace & 
Communications Corp 
Aeronutronic Division 
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Search Reopened 

DEAN OF 
ENGINEERING 

The Newark College of Engineering of New Jersey Institute of Technology invites 

applications and nominations for the position of Dean of Engineering. Newark College 

of Engineering ranks among the leading schools in the nation in the number of B.S. 

degrees granted in Engineering, and offers graduate degrees through the doctorate. 

The Dean administers the development of all engineering programs and is responsible 

to the Vice President for Academic Affairs. 

Candidates should have an earned doctorate, documented administrative and lead-

ership ability, proven teaching and research experience and recognition as a practicing 

engineer. 

Application deadline July 30, 1978 

Position Available 1978-79 Academic Year 

Letters of application or nomination and professional vitae including names 

of reference should be sent to: 

BOX DE- 1 

New Jersey Institute 
of Technology 

323 High St., Newark, NJ 07102 

Affirmative Action Equal Opportunity Employer 

New product 
applications 

Computer Automation's LSI-2, -3, and -4 
minicomputers. The system, designated 
the DT1735, is designed to fit in one 
standard half slot of the computer's 
card cage. 
The minicomputer and the board form 

a complete eight-channel analog-output 
system for computerized control and 
readout applications. All eight channels 
are powered directly off the minicom-
puter + 5-volt power through a dc-dc 
converter. 
The DT1735 offers full 12- bit resolu-

tion and an accuracy within ± 0.012 per-
cent FSR. Differential linearity is ± 1/2 
LSB. Gain and offset are adjustable to 
zero for each channel. Price is $ 1895 for 
eight channels and $1095 for four chan-
nels. 

Data Translation, Inc., 4 Strathmore 
Rd., Natick, Mass. 01760. Circle No. 57 

Encoder display has 
digital compensation 

This series of digital displays for use 
with linear and rotary incremental en-
coders is available in four- or six-digit 
models with optional rate indication and 
digital compensation for temperature, 
tension, relative humidity, or other pro-
cess variables. All units are equipped 

Good news for PDP and LSHlusers 

Plessey has added on FFT 
analyzers. 

• 
• 

The Plessey SPM range of Fast Fourier Transform 
spectrum analyzers offers both the system builder 

and the end-user excellent 
performance at a fraction of 
the cost previously possible. 
And now the range has been 
extended to include the SPM 
02- II which màkes efficient, 

low-cost FFT processing power 
available to PDP-ii and LSI-ii 

At S9,200 the SPM 02-I I comes complete 
with all that's needed to interface with your 

system. OEM discounts available. 

Phil Burnley 
Irvine, California 92714 
Tel:1714) 540-9931 

PLESSEY 
MICROSYSTEMS 

David Garrison 
Gaithersburg, Maryland 20760 
Tel: ( 3011840-9455 

Circle No. 21 
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with quadrature detection circuits that 
permit multiplication of input pulses by 
a factor of up to 16. A four-digit scale 
factor multiplier provides indication in 
English or metric linear units, as well as 
angles in degrees, radians, or grads. 

Available for panel- mounting or 
bench-top use, the 1900A series may be 
used with all commercial two-phase in-
cremental encoders designed to operate 
from a 12-volt dc source. With Trump-
Ross "Tru-Tac" encoders, resolutions of 
0.15 degree can be achieved. 
Fluidyne Instrumentation, 2930 

Lakeshore Ave., Oakland, Calif. 94612. 
Circle No. 59 

"Silent" fan designed 
for office equipment 

The TA500S tube-axial fan has been 
designed for use with office and 
peripheral computer equipment that 
operates in populated areas. Overall 
sound power level is 6 dB lower than this 
manufacturer's TA500 fan, with 15 per-
cent lower input power. Air performance 
is 100 ft'/min at zero static pressure. 
The five-blade impeller is injection 

molded as one piece in black polyester 
thermoplastic. The housing is a one-
piece black- painted zinc die casting, and 
the drive is a 50/60-Hz shaded-pole 
motor that is available with either sleeve 
or ball bearings. 

Torin Corp., Torrington, Conn. 06790. 
Circle No. 61 

30- MHz dual-trace 
5-mV scope costs under $1000 

This 30-MHz dual-trace oscilloscope 
features 5-mV sensitivity, single-shot 
trigger, built-in delay of 120 ns, and a 
20-ns/cm sweep capability with a rise 
time of 11.7 ns. 

Other features include: a dc to 30-MHz 

bandwidth, 5-mV/cm to 5-volt/cm sen-
sitivity, and sweep speeds ranging from 
0.2 fis/cm to 0.5 s/cm. Synchronization is 
automatic to repeated waveforms over 
20 Hz, with free run below 20 Hz. The in-
strument offers trace rotation, plus and 
minus polarity, a warning lamp for an un-
calibrated condition, push-button opera-
tion, and lever-type input switches. 

ENGINEERS 
The Boeing Company in Seattle, Washington, has a variety 

of challenging career opportunities for experienced engineers 
on a wide-range of programs. 

Enjoy the relaxed life-styles and unspoiled beauty of the 
Pacific Northwest in the -Nation's Most Liveable City.- You 
won't find a better opportunity to combine career growth with 
a pleasing environment. We'd like to hear from you if you have 
a BS degree or higher in engineering or computer science and 
experience in any of the following areas: 

AUTOMATED TEST INSTRUMENTATION 
DEVELOPMENT 

COMPUTER AIDED DESIGN 
COMPUTERS AND DISPLAYS DESIGN 

DIGITAL CIRCUIT DESIGN 

ELECTRICAL/ELECTRONIC TEST 

ELECTRONIC MATERIALS AND PROCESSES 

ELECTRONIC PACKAGING DESIGN 

ELECTRONIC PARTS EVALUATION 

FLIGHT/MISSION/SYSTEMS TEST 

GUIDANCE AND CONTROL ANALYSIS 

NONDESTRUCTIVE EVALUATION 

OPERATIONAL SOFTWARE DEVELOPMENT 

SOFTWARE 'COMPUTING SYSTEM DESIGN AND 

ANALYSIS 

SOFTWARE COMPUTING SYSTEM TEST AND 
EVALUATION 

SOFTWARE QUALITY ASSURANCE 

TEST SYSTEMS SOFTWARE DEVELOPMENT 
TEST PROGRAM PLANNING 

SYSTEMS DESIGN ANALYSIS 

SYSTEMS REQUIREMENTS DEFINITION 

WIRING AND CONTROL DESIGN 

Candidates must be U.S. citizens. Selected candidates will 
be offered an attractive salary, comprehensive fringe benefits 
package, and relocation allowances. 

Send your résumé to The Boeing Company, P.O. Box 3707-
LMM. Seattle, WA 98124. 

An equal opportunity employer. 

Airzwedv 
Getting people together 
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Stability 
+Growth  
Opportunity! 

The SYSTEMS division of Litton has 
DOUBLED its size in the past four years, 
and TRIPLED volume in SALES creating 
one of the more STABLE environments in 
industry. 

Positions of uncommon potential are now 
available in Defense and non-Defense 
contracts. Ask us about them! 

ANALOG OR DIGITAL PROCESSING 
• LSI application 
• High speed data conversion 
• Power supplies 

TELECOMMUNICATIONS SYSTEMS 
DESIGN 
• Advanced digital subsystems including 
TDM 
• RF and analog subsystems including 
frequency synthesis and FDM techniques 
• Microprocessors and related real-time 
operating systems software 
• Voice switching systems 

ELECTRONIC WARFARE SYSTEMS 
• State-of-the-Art, ESM/ECM 
• Signal processing 

ELECTRONIC WARFARE 
PROCESSING — HARDWARE 
• Microwave subsystem design 
• Circuit design — RF, video, analog, high 
speed A/D converters 
• EW digital subsystem design — signal 
sorting, microprocessors/microcontroller 
design, computer interfacing 

RF 
• Microwave communications and 
receiving systems 
• High Sensitivity DF Receivers 
• Solid state microwave component design 

We are located in a pleasant college town 
in Maryland with rolling hills, and the 
Chesapeake Bay and nation's capital less 
than an hour away. If this sounds like the 
opportunity you seek, please send your 
resume including salary history in 
confidence to: 

W.L. McAmis 

I. 
Litton 

Arnecom Division 

LITTON 
SYSTEMS, INC. 

5115 Calvert Rd., College Park, MD 20740 
An equal opportunity employer M F H 

New product 
applications 

Priced to sell for less than $1000, the 
unit is offered with a two-year manufac-
turer's limited warranty. 

Leader Instruments Corp., 151 Dupont 
St., Plainview, N.Y. 11802. Circle No. 60 

Software designed for on-line 
interactive processing 

"Incoterm Transaction Entry Manage-
ment System" (ITEMS) software in-
cludes a high-level English- type 
language known as " transaction defini-
tion." User programmers can use this 
language to develop data-entry and 
editing applications that are specific to 
each installation. 
The software operates in 3270 pro-

tocol on this firm's series 30 and 40 in-
telligent terminal systems and allows 
eight display stations and eight printers 
to be operated under the control of in-
dependent concurrent programs. 
There is a one-time-per-customer fee 

of $7500 for the software with a continu-
ing fee of $2400 per year. These fees 
allow the customer to use the software 
at all sites with no additional charges. 

lncoterm Corp., Honeywell Informa-
tion Systems, 200 Smith St., Waltham, 
Mass. 02154. Circle No. 65 

Systems Engineers 
Advance into Robot Technology! 
Working at Signetics you'll grow with one of the 
world's largest manufacturers and suppliers of 
integrated circuits. Here is your chance to enter into 
the microelectrcinic world and help us design I.C. 
circuits of robot technology of the 1980s. You will 
work in our advanced product development group and 
participate in some of the most exciting state-of-the-
art technology existrng in today's industry. 

Opportunities exist in the following areas: 

*Appliance Control 
*Home Security 
*Telecommunication 
*Industrial Control & Instrumentation 

To qualify, a BSEE, MS or PhD is preferred with at 
least 5 years of industrial experience. 

Please send your resume, including salary history, to 
Signetics, Job 006, 811 East Argues Avenue, Sunny-
vale, CA 94086. We are an equal opportunity employ-
er m/f. 

II1DtiCS 
a subsidiary of U.S. Philips Corporation 



News from Industry 

SMALLER AND FASTER MAGNETIC BUBBLES PRODUCED EXPERIMENTALLY 

Independent developments in the U.S. and The Netherlands show promise 
for future application in computers with magnetic-bubble memories. In the 

U.S.,. International Business Machines Corporation staffers have discovered 

that certain combinations of garnet materials and processing procedures are 

capable of forming stable magnetic bubbles as small as 0.4 micrometer in 
diameter or eight times smaller than those in garnets now available commer-
cially for data storage. Decreased size of a magnetic bubble provides the 
potential for a dramatic increase in the amount of information that can be 

packed into a bubble device in a given area since each bubble, regardless 
of its size, can hold only one bit of information. At Philips Research 

Laboratories in Eindhoven, The Netherlands, new materials have been de-
veloped in which bubble speed is 30 to 100 times faster than in previously 
known materials. Investigations have shown that magnetic layers of manga-

nese, europium, and lutecium containing iron garnet deposited on the ( 110) 
face of a single-crystal substrate of the nonmagnetic gadolinium-gallium-

garnet permit bubble speeds up to 500 m/s. Increased speed is significant 
because bubble speed determines the maximum frequency of the rotary mag-

netic field used to move the bubble and, therefore, the maximum clock fre-
quency at which bubble memories can be operated. 

BELL WILL INSTALL FIBER-OPTIC INTRACITY EXCHANGE TRUNK 

Flushed with success of the small-scale light-wave communications sys-
tem under test in Chicago, the Bell System plans to have a fiber-optic 

intracity exchange trunk in commercial operation in regular service by the 
end of 1980. Location of the trunk has not yet been determined but candi-

date cities are Chicago, Boston, New York, Los Angeles, Atlanta, Philadel-
phia, Pittsburgh, and Rochelle Park and Union City, N.J. 

In Canada, between telephone switching sites in Calgary and Cheadle 
in southwestern Alberta, Harris Corporation will build a 51-km fiber-optic 

high-capacity communications link. Under a contract with Canada's Alberta 
Government Telephone System, Harris will start on the project this year 
with completion scheduled for the fall of 1979. 

NEW MICROSCOPE TECHNIQUE LOCATES ATOMS 

Electron energy-loss spectroscopy is the name of a new electron micro-
scope technique capable of sorting out electrons, generated by the micro-

scope, that have been slowed down by interactions with electrons in the 
material being studied. For interactions with inner-shell electrons, the 

amount of energy lost is characteristic of a specific element. Therefore, 
particular atoms can be identified and their locations determined. Devel-

oped at Bell Labs, the technique has been used to identify and locate low-
atomic-weight elements that can adversely affect miniature solid-state 
devices. Medical researchers are also expected to use the technique widely. 

The National Institute of Mental Health, for example, has already used 
electron energy-loss spectroscopy to confirm, for the first time, exactly 

where serotonin is stored in blood platelets. Researchers also have found 
lithium stored in the same parts of the platelets. Finding the two chemi-

cals in the same place is an important clue to medical researchers trying 
to discover how lithium functions to control mental depression. 

IFFF cnprtrum 111NE 1978 Th 



News from Region 1 

ATLAS/ATE SEMINARS 

A one-day seminar on IEEE Standard Atlas Test Language and Atlas Syn-
tax has been scheduled for June 12 at the Boston Park Plaza Hotel in Boston, 

Mass. Designed to provide a fundamental working knowledge of Atlas, the 
course will address the structure of the language as presented in two IEEE 

Standards: Standard Atlas Test Language ( IEEE Std 416-1976) and Standard 

Atlas Syntax ( IEEE Std 416A-1976). The course is aimed at managers, en-

gineers, and programmers in commercial and military operations who are 
responsible for automatic test equipment, hardware, and software for test-

ing and test applications. Fees are $67.50 for IEEE members, $ 75 for non-
members. For details: Thomas Van Hook, IEEE Standards Office, 345 East 

47 Street, New York, N.Y. 10017; ( 212) 644-7960. 

The Atlas seminar will be followed, on June 13-15, by the ATE Seminar/ 
Exhibit on Automated Testing for Electronics Manufacturing, which is spon-
sored by Circuits Manufacturing magazine. For further information: Sheila 

Goggin, Circuits Manufacturing Magazine, 1050 Commonwealth Avenue, Boston, 

Mass. 02215; (617) 232-2668. 

SIGNAL PROCESSING COURSE AT R.P.I. 

An advanced short course in two-dimensional digital signal processing 

will be held August 14-18 at the Communications Center of Rensselaer Poly-
technic Institute in Troy, N.Y. The course will cover theory, practice, 
and application, and will provide the opportunity to use the interactive 

design facilities of R.P.I.'s Computer Graphics Center. Complete informa-
tion may be obtained from the course director, Professor John Woods, Rens-

selaer Polytechnic Institute, Troy, N.Y.12181; (518) 270-6330. Registra-

tion will be open through July. 

TRENTON STATE FEATURES MICROCOMPUTERS 

Three short courses designed to meet the needs of engineers, computer 
scientists, and others interested in the areas of microcomputers and digi-

tal electronics will be offered by Trenton State College during the week 
of August 21. The courses are: "Assembly Language Programming and Inter-

facing for the 8080/8085/Z80 Microprocessor" ( fee, $ 350); "Programming in 

Basic for the Microcomputer Owner" ( fee, $ 300); "Microcomputer Digital 
Logic Circuits" ( fee, $ 300). Courses will consist of lectures coupled 
with laboratory sessions. Classes will be limited to 20 participants. 

For further details and registration forms: Division of Continuing and 
Adult Education, Trenton State College, Trenton, N.J. 08625; ( 609) 771-

2255. 

M.I.T. SUMMER PROGRAM 

Ultrasound, Sound, Microwaves, Laser and Ultraviolet: Biophysical 
and Biological Basis, Hazards and Applications in Medicine and Industry, 

July 24-28 at the Massachusetts Institute of Technology, Cambridge. Tui-
tion for the one-week program is $580 ($ 350 for two days). Write to: 

Director of Summer Sessions, Room E19-356, M.I.T., Cambridge, Mass. 02139. 
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Finally a cheap 
(or rather inexpensive) 

Video A/D Converter 

Now you can afford to go digital 

We've done today what everyone thought was years away. 
We've developed a Monolithic Video A/D Converter to 
sell for less than $500— it works just great— and best of 
all, it's ready for delivery now. 
TRW's new 8 bit TDC 1007J costs only $485 ( in 100's), 

features up to a 10 to 1 power reduction over existing 
converters, is less than Y3 the size, and converts with 
unmatched accuracy up to 30MHz (33 ns conversion time). 
The TDC 1007J exceeds the standards that networks re-

quire for studio equipment, yet is economical enough for 
field and/or industrial use. If you have a product that is 
now using one of those expensive Video A/D Converters 
you can mount the TDC 1007J (and about $30 worth of 
other components) on a card and start saving a bundle 
immediately. ( Incidentally— we are making available, in 
small quantities, an evaluation board. It's a fully tested 
drop- in unit containing everything you need to go digital 
—just ask for TDC 1007 PCB.) 

Let us show you how you can go digital...economically. 
Available from stock from Hamilton / Avnet or contact 
your local TRW Electronic Components field sales office 
or call Willard Bucklen at (213) 535-1831, or send coupon. 

TRW LSI Products 

An Electronic Components Division of TRW Inc.. 

P.O. Box 1125 

Redondo Beach, CA 90278 

Please send data sheets on the new TDC 1007J Monolithic Video 
A/D Converter and the TDC 1007 PCB. 

Name 

Company 

Div/Dept Mail Code 

Address 

City 

State 

TRW LSI PRODUCTS 

Zip 
IEE-6 
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rManhattan 
CIC 

Manhattan IS IN NEW JERSEY 
(201) 779-8900 

OUT OF STATE (800)631-7742 

Manhattan IS IN NEW YORK 
(800) 631-3528 

Manhattan IS IN SAN FRANCISCO 
(415) 697-7016 

Manhattan IS IN LOS ANGELES 
(213) 685-5500 
(803) 423-4040 

Manhattan IS IN CLEVELAND 
(216) 749-7500 
(800) 362-2915 

Manhattan IS IN HOUSTON 
(713) 868-2222 

TEXAS 1-800-392-4948 

OK KS  ARK LA / 1-800-231-3868 

Manhattan IS IN ATLANTA 
(404) 346-1100 
(800) 241-8620 

Manhattan IS IN CHICAGO 
(312) 344-5040 
(800) 323-9022 

See us at ELECTRO -78, 
Booth No.601 603 

Circle No. 206 

COMMUNICATION 
INSTRUMENTATION 
CONTROL 

Electronic 

Electrical 
Wire & 
Cable 

FOR AUTOMATIC INSERTION... 
Switch to KEMET 1322 precision 
molded axial leaded capacitors. The 
excellent lead concentricity of the 
1322 molded part is far superior to 
epoxy back-filled parts, and elimi-
nates high-speed automatic insertion 
problems. The high-quality 1322 
gives you same size, same function, 
with more CV values. 0.1 to 68.0pf 55°C to+125°C temperature 
range, 2 to 50 volts. For more information, write: Electronics Division, 
Union Carbide Corporation, P.O. Box 5928, Greenville, SC 29606. 
Phone: (803) 963-6300. Or see your local KEMET Representative. 

KEMET — Competition — 
precisuon molded. epoxy 

KEMET OFFERS YOU MORE. 

ELECTRONICS DIVISION 
COMPONENTS DEMRTMENT 

UNION 
CAROM 

In I nonln. 11.,n1.nboa I moor A Non 1,11..116,1an 

New product 
applications 

20-MHz pulse generator 
priced at $595 

The model 101C pulse generator has a 
fixed rise time of less than 10 ns and pro-
vides a variable output to ± 18 volts 
from 50 ohms. Simultarieous auxiliary 
front-panel outputs are designed for UL 
logic levels (a 4-ns rise time) and CMOS 

(open-collector output capable of 40-volt 
amplitude or 100 mA). 
Two accessories— one a code 

generator—can generate an arbitrary 
code up to 4096 bits long. The other, a 
burst generator, generates a presettabie 
burst of pulses from one to 999. 
The unit is priced at $595. 
Concord Instrument Div., Systron-

Donner Corp., 10 Systron Dr., Concord. 
Calif. 94518 Circle No. 58 

Sequence controller IC 
has 4096-word range 

The Am2910 address sequencer controls 
up to 4096 words of microprogram-
stored microinstructions. In addition to 
an ability to address sequentially, the 
controller provides conditional branch-
ing to any instruction within its 
4096-microword range. 
An on-chip loop counter keeps count 

of how many times a single micro-
instruction or loop has been executed. 
The loop counter automatically controls 
this repetition. 
The sequence controller is available in 

a 40-pin ceramic DIP or a 42-pin flat 
package for use over the military and 
commercial operating temperature 
ranges. Prices start at $25.95 in 
100- piece lots. 
Advanced Micro Devices, Inc., 901 

Thompson Pl., Sunnyvale, Calif. 94086. 
Circle No. 66 

Miniature power relays 
rated at 5 and 10 amperes 

These miniature power relays are rated 
at 5 and 10 amperes and can handle 
loads up to 280 volts ac. They employ 
0.5-inch- long 0.062-pin terminals that 
match standard slip-on female connec-
tors offered by Molex and Winchester. 
The relays feature 3750-volt ac rms in-

put/output photo isolation and operate 
at logic levels of 4 to 8 volts dc or 9 to 16 
volts dc with a control current of 15 mA. 

Pricing in 1000- lot quantities ranges 
from $3.60 to $5 depending on current, 
voltage, and terminal configuration. 

Circle No. 33 
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Delivery is four to five weeks in 
moderate production quantities. 

Theta-J Relays, Inc., 1 DeAngelo Dr., 
Bedford, Mass. 01730. Circle No. 82 

Test clips protect 
MOS ICs from static 

These IC test clips fit on DIP packages to 
protect MOS ICs from static. Cable ver-
sions include a connecting cable preat-
tached to the top of the clip. Attaching 
all leads at the far end of the cable to a 
working ground effectively short-circuits 
each IC pin to ground and eliminates the 
problem of static discharge during 
handling. 
The test clips are available in 14-pin, 

16-pin, 24-pin, and 40-pin configurations. 
Cables are available in 40-, 45-, and 
60-cm lengths in each clip size. Prices 
for each clip and cable assembly range 
from $7.75 to $21.75 (unit quantities). 

Continental Specialties Corp., 70 
Fulton Terrace, New Haven, Conn. 
06509. Circle No. 63 

520-MHz automatic counter 
is temperature compensated 

This 520- MHz automatic frequency 
counter features a temperature-
compensated crystal oscillator to main-
tain stability under extreme conditions 
of ambient temperatures. The counter 
has an LED display of eight digits, with 

resolution of 1 Hz up to 80 MHz and 10 
Hz above 80 MHz. 

Designated the PM6664, the unit can 
handle various power requirements 
automatically. It offers a wide range of 
automatic input sensitivity: 20 mV rms 
(100 Hz-520 MHz) to 1 volt rms. Input at-
tenuation is automatic and continuously 
variable, ensuring accurate measure-
ments. 
The counter weights 1.4 kg and 

measures 145 by 44.5 by 220 mm. Price is 
$645 ($545 without crystal oscillator). 

Philips Test and Measuring In-
struments, Inc., Mahwah, N.J. 

Circle No. 64 

CCD memory 
driver IC comes in a DIP 

Designated the SN75363NE, this CCD 
memory driver DIP has six internally con-
nected heat-sink pins for improved heat 
dissipation. Package leads fit standard 
14-pin sockets. 

Designed for use between TTL and 
high-current, high-voltage systems, the 
circuit can drive high capacitive loads 

(typically 1000 pF) at frequencies rang-
ing from 1 to 5 MHz. 
Operation is from standard bipolar 

and MOS supply voltages. It has been op-
timized for operation with Vcc2 supply 
voltage from 11 to 15 volts and with 
nominal Vcc3 supply voltage from 0 to 4 
volts higher than Vcc2. 
The device is characterized for opera-

tion from 0 to 70°C. Price in 100-piece 
quantities is $3.60. 
Texas Instruments, Inc., Inquiry 

Answering Service, P.O. Box 5012, M/S 
308 (Attn: SN75363NE), Dallas, Tex. 
75222. Circle No. 67 

30- and 55-volt Darlington 
couplers come in 6-pin DIPs 

This series of Darlington optically cou-
pled isolators offers collector/emitter 
breakdowns of 30 to 55 volts. Collector 
leakage is typically under 10 nA at 80 
volts. Current transfer ratios to 500 per-
cent minimum are specified at 1- mA in-
put curtrent. At 10 mA, CTR is over 1000 
percent. 
Offered in 6-pin DIPs, the couplers are 

priced from $1.65 to $ 1.59 in 100-piece 
quantities. 
The manufacturer assures 5000-volt 

dc surge protection for application in 
controllers, telecommunications, vend-
ing machines, instruments, and motor-
control circuits. 

Spectronics, Inc., 830 E. Arapaho Rd., 
Richardson, Tex. 75080. Circle No. 68 

Bilateral FET is 
optically isolated 

The model H11F optically couples the 
GaAs IRED to a silicon bilateral analog 
FET. The series is designed to perform 
two major functions: as a fast (less than 
15 seconds) bilateral analog switch with 
60-volt p-p signal capability and as a 
linear variable resistor with less than 
2000 ohms "on" resistance and more 
than 300 MO "off" resistance. 

Typical applications as a variable 
resistor include: distortion-free attenua-
tion of low-level signals, automatic gain 
control using an isolated AGC signal, 
and electronically adjusting active-filter 
fine tuning or band switching. 
As an analog switch, it can be applied 

in isolated sample-and- hold circuits, 
even where signal polarity is undefined. 
It can also be used for multiplexing both 
ac and dc signals. 

Prices start at 98 cents in 1000-lot 
quantities. 
General Electric Co., Electronics Park 

7-42, Syracuse, N.Y. 13221. Circle No. 69 

Waveform generator 
covers 10 nHz-999 Hz 

Designated the model 350 low-frequency 
generator, this unit uses a crystal-
controlled clock and digital synthesis 
techniques to generate sine, square, 
triangle, ramp, haver-sine, haver-square, 
haver-triangle, and inverted waveforms. 
The unit has nine frequency ranges, 

with three-digit resolution providing an 
overall frequency range of 10 nHz (3.17 
years) to 999 Hz. When operating in the 

f true 
1111 

DC/DC 
CONVERTERS 

SAVE 
YOUR 
CHIPS.. 

(e040 ISO 

(1,1%.0 
.AND 

°"4" YOUR 
INPUT 

SOURCE 

The U, CU Series 
D INPUT PROTECTION: 

Over/Under Voltage 
Shutdown-Standard 

D CHIP PROTECTION: 
Clamped Logic Outputs 

El INPUT RANGE TO 4:1: 
9- 36V...18- 72V...28-90V 

g UP TO 25 WATTS OUT: 
Singles-Triples- Quads 

See Us in EEM and Gold Book 

Get The Facts Fast, Circle the 
number for Free Catalog. 
We'll also include the new issue 
of our power supply journal, 

WATTS UP. 

z 
SEMICONDUCTOR 
CIRCUITS, INC. 

218 RIVER ST., HAVERHILL, MA 01830 
Tel. ( 617) 373-9104. TWX. 710-347-0269 

New product applications 

Circle No. 217 
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DEFENSE COMMUNICATIONS AGENCY 
ELECTRONICS ENGINEERS 

The Defense Communications Agency has requirements for two Senior Electronics Engineers for the Worldwide 
Military Command and Control System (WWMCCS) System Engineering Organization. The WWMCCS Organization 

is responsible for providing the national command authorities and senior department of defense officials with 
accurate and timely Information concerning global situations and for providing a reliable means of communicating 

decisions based on that information to military forces under all conditions. 

One position requires recent experience as a chief engineer or deputy chief engineer with direct responsibility 
for the definition, planning, configuration selection and development of a technically advanced, multi-site, on-
line-to-communications, user-Interactive AUTOMATED INFORMATION PROCESSING SYSTEM. This work must 

have: (a) included detailed parametric performance analysis of the major components of that system including 
analysis of cost/benefit for various alternative configurations of input devices, communications circuits and 

communications processors, central and distributed processors, on-line and bulk storage, terminals and displays, 
operating systems, programming languages. compilers and other system software, and complex application 
software; and (b) resulted in the successful implementation of a viable system. In addition, must have been directly 

and personally involved at a significant level of technical responsibility in the design and development of (a) one 

or more major hardware components and (b) one or more major software components for use in general-purpose 

automatic data processing systems. Must also have experience in the identification and satisfaction of the special 
technical characteristics imposed on the design of ADP requirements and systems by the requirements for overall 

content and need-to-know security, and an ability to satisfy priority demands. 

One position requires recent experience as a chief engineer or deputy chief engineer with direct responsibility 
for system architecture definition, system planning. system development and familiarity with the evolving WWMCCS 
architecture. This work must have included support and assistance in the development of the related subsidiary 

command and control architecture end proparns of the Services and Unified and Specified Commands; the policy, 
management, technology, architecture, and programs of the WWMCCS. This Includes warning sensor systems, 

communication systems, information systems, command facilities, procedures, operating systems, and advanced 

technology, including alternative systems/techniques for sensors, data processing, communications and display 

elements of WWMCCS. 

Advanced degree, preferably a PhD, in Electrical Engineering or a related physical science is highly desirable 

SALARY: $38,171 to $47,025 per year depending on qualifications. These are civil service positions. 

Send detailed resume or Standard Form 171 before 7 July 1978 to: 

Defense Communications Agency 
ATTN: Code 132 

Washington, D.C. 20305 

AN EQUAL OPPORTUNITY EMPLOYER 

ENGINEERING 
ANALYST 
WASHINGTON, D.C. 

The Communications Satellite Corporation has an immediate 

opening for an Engineering Analyst at its headquarters fa-
cility. 

Duties include; develop computer programs for orbit and 
attitude estimation, for computing orbit and attitude ma-

neuvers using mechanics, vector analysis and control sys-

tem performance. Perform mission analysis for current and 

proposed communications satellite systems including: 
analysis of maneuvers both to achieve initial synchronous 

orbit and to satisfy stationkeeping requirements, and eval-
uation of proposed control systems. Investigate spacecraft 
malfunctions by analyzing the pertinent telemetry data. 

Requires: MS in bngineering or physical sciences, Ph.D. 
preferred. Specialization in analytical mechanics, numerical 
analysis or control theory. Scientific programming experi-

ence desirable. Three years industrial experience with MS 

or one year with Ph.D. 

We offer a full range of benefits including educational, re-
tirement, life and medical insurance. Relocation expenses 

paid. 

Please send resume and salary history in confidence to 

Staffing Manager. 

C41> A 7- we/ 
COMMUNICATIONS SATELLITE CORPORATION 

950 L'Enfant Plaza, S.W. 
Washington, D.C. 20024 

An Equal Opportunity Employer M/ F 

New product 
applications 
ramp or triangle modes, the minimum 
step amplitude is 50 µV at a maximum 
signal amplitude of 20 volts p- p. When 
operating in the sine-wave mode, the 
minimum step phase-angle resolution is 
0.00045 degree ( 1.62 seconds of arc). 

Modular plug-in units include a 
variable-phase generator, a trigger unit, 
and an amplitude-control unit. The basic 
model is priced at $ 1400. 

Exact Electronics, Inc., 455 S.E. 2nd 
Ave., Hillsboro, Oreg. 97123.Circle No. 71 

Design kit available 
for fiber optics 

This fiber optics designer's kit contains 
an assortment of emitter and detector 
bushings, splice bushings, polishing 
bushings, several sizes of convector fer-
rules, a polishing plate, a hand tool for 
terminating fiber optic cable, and sam-
ple lengths of cable. 
An instruction book provides cross-

referenced data concerning semicon-
ductor emitters and detectors, as well as 
fiber optic cables. 
The kit contains enough components 

to house 25 emitters or detectors, to 
make five free- hanging and five 
bulkhead-mounted splices, and to ter-
minate 20 cables. 

Price is $ 165. 
Amp Inc., Harrisburg, Pa. 17105. 

Circle No. 70 

Graphics package 
permits three- axis plotting 

"3-D Plot" is a software/firmware 
package that can provide three-
dimensional plotting analysis when 
used with the Tektronix-4051 graphics 
computing system. Consisting of two 
ROM packs, the package can overcome 
the constraints of speed and space 
when dealing with three-dimensional 
plots. A "conics" ROM is a function and 
image generator that reduces plotting 
time. The "graphics" ROM is an image 
manipulator that packs data into less 
• memory space. 

A " dark vector" feature permits moves 
and draws in one matrix. Moves are 
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Engineers 

Face to face 
Interface 

When 20 major corporations participate in 
our program, it's time to take notice, because 
they will be participating in another suc-
cessful INTERSTATE CAREER CENTER with 
the intention of hiring professionals like 
yourself. We will be visiting the following 
cities: 

BOSTON 
NEW YORK 
PHILADELPHIA 
WASHINGTON 

CHICAGO 
ST. LOUIS 
SAN FRANCISCO 
LOS ANGELES 

As recognized leaders in theirlield, our client 
companies will be offering outstanding ad-
vancement opportunities in Electronic 
Engineering and Management in the salary 
range of $ 18,000 to $40,000 in all of the 
following technical areas: 

COMPUTER SYSTEMS 

MINICOMPUTERS 

MICROPROCESSORS 

CONTROL SYSTEMS 

MICROELECTRONICS 

PROGRAMMING 

SATELLITE COMMUNICATIONS 

TELECOMMUNICATIONS 

RF SYSTEMS 8 MICROWAVE 

DATA COMMUNICATIONS 

SIGNAL PROCESSING 

AVIONICS 8 AEROSPACE 

Career opportunities will be offered in the 
following locations: Massachusetts-
Connecticut- New York- New Jersey-
Pennsylvania- Maryland- Virginia- Florida-
Michigan- Illinois- Minnesota- Ohio- Texas-
Arizona-California and Washington. 

You'll have an excellent opportunity to sit 
down and interview with Fortune 500 firms át 
absolutely NO COST. It's a prime time for you 
to sell yourself—and in trié process, obtain 
the career and salary that meettlour expecta-
tions. 

If you're experienced in any of, the above 
disciplines, and would enjoy gaining ex-
posure to some of the nation s leading com-
panies, take advantage'df. this opportunity to 
become an integral part .of success. To at-
tend one of ou Career Centers, call Gerry 
Lenox collect at ( 215) 839-6070 or send 
your resume. io cohfidence, to: 

INTERSTATE 
STAFFING, 
INC. 
GSB Bldg. 4119 

Bala-Cynwyd, Pa. 19004 

(representing equal opportunity employment. A,4/F) 

INTERSTATE 

STAFFING 

INCORPORATED 

Electronics' 
Engineer 

The Lawrence Berkeley Laboratory, the major re-

search and development center of the University of 

California, Berkeley, has an immediate opening for 

an Electronics Engineer. The work involves engi-

neering some of the world's most advanced circuits 

and instrumentation systems for scientific research. 

Requires experience and demonstrated ability in 
areas of advanced analog and digital circuit design. 

Prefer advanced E.E. degree. 

Competitive salary and an excellent benefit pack-

age accompany this position. For immediate con-

sideration, please send a resume and salary history 
to: 

LAWRENCE BERKELEY LABORATORY 

Personnel Department 

Attn: Mr. R. Lowder 

1 Cyclotron Road 

Berkeley, CA 94720 
(416) 843-2740 ext. 6271 

Equal Opportunity Employer M/F 

We already 
know your next 
employer. 
May we 
introduce you? 
Wallach Associates, Inc., specializes in bringing together 
talented, experienced professionals and the nation's 
leading research, service and technical corporations. 

Just one call to Wallach puts you in touch with a wide 
range of exceptional companies. Companies that offer 
top salaries, top benefits . . as well as interview and 
relocation expenses. All at NO COST TO YOU. 

• Minicomputers • Radar Systems 
• Microprocessors • Communication Systems 
• Software development • EW/SIGINT/ELINT 
• Signal processing • Microwave Systems 
• Digital systems • Electromagnetics 
• Command & Control • Fire Control Systems 

If you find your area of expertise listed above. call 
TODAY! And even if you don't see your technical 
specialty here, contact us anyway. Chances are we're 
also lboking for people with your qualifications 

Contact Robert Beach. 
V P. We'll put you in touch 
with your next employer 

fast' Representing 
equal opportunity employ-
ers nationwide (agency). 

WALLACH 
Your career connection 

WALLACH 
associates, nc. 

1010 Rockville Pike 
P 0 Box 2148 
Rockville, Maryland 20852 
(301) 762-1100 

76F IEEE spectrum JUNE 1978 



New product 
applications 

distinguished from draws by making the 
sign of the x coordinates negative. As a 
result, hidden line determination is 
speeded. 
The package is priced at $950. 
Second Source Industries, 735 Ad-

dison St., Berkeley, Calif. 94710. 
Circle No. 72 

Video AID converter 
is priced at $485 

This 8- bit monolithic video NO converter 
can perform conversions In 33 ns and Is 
priced at $485 in quantities of 100. The 
single chip contains 20 000 bipolar com-
ponents and provides 255 comparators 
with combining logic. 

Designated the TDC1007J, the device 
requires only 2.5 watts of power, plus 1 
watt for peripheral circuitry (as opposed 
to up to 25 watts for older converters). 
Operating temperature range Initially Is 
specified at 0 to 70°C. 
The device meets video requirements 

for conversion rates of more than four 
times the color subfrequency. 
TRW LSI Products, P.O. Box 1125, 

Redondo Beach, Calif. 90268. 
Circle No. 75 

Wire-wrappable board 
designed for CMOS uses 

These two cmos boards are equipped 
with two power and two ground planes. 
The 2-065 cmos board is capable of 
mounting up to 36 16- pin DIPS or an 
equivalent mix of other popular DIP sizes. 
The boards are designed to meet the 

requirements of cmos product designs 
where it is common to implement simple 
delay and differentiation functions with 
resistor-capacitor networks. The center 
mounting of the component pins permits 
easy access from the discrete com-
ponents to the lc packages. 
The model 2-045 is priced at $35.75, 

and the model 2-065 is available at a 
price of $44.95 ( unit price in quantities of 
one to nine). 

Hybricon Corp., 410 Great Road, 
Littleton, Mass. 01460. Circle No. 78 

Modem filters handle 
60- to 600- baud data rates 

This family of fixed- frequency active 
modem filters offers an inverting mid-
band gain of 0±0.5 dB. Relative to the 
midband gain, these active filters at-
tenuate the in-channel space and mark 
frequencies by no more than 1.5 dB, 
while attenuating adjacent channels' 
space and mark frequencies by 28 dB 
minimum. 

Fixed frequencies are 60, 75, 110, 150, 
300, and 600 baud. All filters operate 
from a single-ended power supply that 
may range from + 10 to + 30 volts dc. 

Prices start at $42 in quantities of one 
to nine, and are as low as $ 19 each at the 
1000- piece level. 
Frequency Devices, Inc., 25 Locust 

St., Haverhill, Mass. 01830. Circle No. 76 

AT LITTON MS 
We're 

11/4-

v 

the state-of-the-art 
In the design of advanced inertial navigation systems, airborne 
computers, ships control systems, and missile guidance. 

We are currently seeking Engineers at all degree and experience levels. 
In the following areas: 

• Analog Circuit Design 

• Servo Design 

• Core Memory Design 

• Power Supply Design 

• Inertial Systems 
Mechanization 

• Real Time System 
Design 

• Airborne 
Microprocessor Design 

You will enjoy working on new and continuing long-term programs in 
a stable and highly professional work environment. We are located 
in the beautiful community of Woodland Hills, California, in the West 
San Fernando Valley, 30 miles northwest of downtown Los Angeles, 
which offers relaxed, uncongested living close to beaches, mountains, 
recreational areas, shopping facilities and cultural events. 

For immediate consideration, please send your resume in confidence 
to: 

11: 
Mr. Frank R. McCarter 

GUIDANCE & CONTROL SYSTEMS 
5500 Canoga Avenue 

Litton Woodland Hills, Calif. 91364 

Equal opportunity employer M/F 

U.S. Citizenship Required 
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Now Available  

NEW DATA ON EE SALARIES, 
PENSIONS AND FRINGE BENEFITS 

IN THE UNITED STATES 
IEEE Study analyzes 
representative sample of 
non-student membership. 
Ideal facts for corporate 
management and individual 
use. A must for engineering 
management, technical 
recruiters, personnel and 
salary administrators. 

The IEEE 1977 Membership Survey 
in the United States prompted a 
9,227, or 36.8% usable response, 
to an extensive questionnaire mailed 
on June 24, 1977 to 25,056 
Members, Senior Members and 
Fellows. Tabulation was performed 
in the fall of 1977. 

GRAPHICS 
SIMPLIFY FINDINGS 

Highlights quickly provide broad 
coverage of the study, showing 
income, by brackets and average; 
supplemental income; employment 
figures; differences among those 
employed full-time in their areas of 
primary technical competence; 
percent of Member, Senior Member 
and Fellow grades; influence of 
geographic areas on incomes; how 
type of job and kind of company 
effect income; and much more. All 
of this information is typical of what 
is shown graphically on just about 
every finding in the study. Over 100 
tables and charts describe the key 
results. 

DEMOGRAPHICS 

You find information on age, highest 
degree earned and how education 
affects income; how experience 

helps in relation to education, plant 
end product and job function. 

FRINGE BENEFITS 

Great emphasis has been given to 
fringe benefits and pensions, since 
they constitute a major portion of 
company compensation today. Study 
shows percent of those covered by 
pension programs, years necessary 
to be completely vested, employer/ 
employee participation in various 
plans, percent with Keogh, IRA 
retirement plans and combinations. 

You get useful facts on health 
and accident plans, including major 
medical. Who pays and what 
percentage the employer pays. 
Vacations are well covered. 

Professional dues in terms of 
company and employee payments 
are shown. Percent of IEEE 
members participation in other 
professional societies may give 
you a bit of a surprise. 

Key exhibits include: 
• Income by primary 

technical competence 

• Income by highest 
degree earned 

• Income by 
geographic region 

• Income by industry 

*Mart 
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• Income by respondent's primary 
end product or function 

• Variety and number of retirement 
plans and employer contributions 
to them 

• Frequency distribution by basic 
health, accident and major 
medical insurance 

IN TWO VOLUMES 

The 1977 Survey is published in two 
paperbound volumes: Part I and 
Part II. Part I (79 pages) is the basic 
report, containing respondents' 
profile, data on fringe benefits and 
professional activities. Part II ( 96 
pages) contains numerous 
cross-tabulations of salary vs. 
varying sets of two demographic 
characteristics. 

ORDER FORM 
Send to IEEE SERVICE CENTER 445 Hoes 
Lane, Piscataway, N.J. 08854 

•Please send me copies of the IEEE 
1977 U.S. Membership Salary and 
Fringe Benefit Survey as indicated. 
(Circle applicable price below.) 

Member Nonmember 
Part I ( UH0125-51 $25.00 S40.00 

Part II ( UH0126-3) S25.00 $40.00 

Parts I & II ( UH0130-5)$40.00 $75.00 

Total Amount $   

• Payment enclosed. ( Make check payable 
to IEEE.) 
• Please bill me. ( Note: A $ 2.00 billing 
charge is added to all non- prepaid 
orders.) 

New Jersey resents please and 5°. state sales tax tc 
total purchase SS-A 

4c1d ,ess 

City State Country Zip 
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New product 
applications 

Voltage regulator IC 
uses PWM switching 

This pulse-width- modulation ( Pwro) swit-
ching voltage regulator is designed 
primarily for power supply control. 
Designated the TI494, it has on a single 
chip all the functions required for PWM 
control circuits: a 5-volt regulator, a 
current- limit amplifier, an adjustable 
oscillator, a dead-time control com-
parator, a pulse-steering flip-flop, and 
output control circuitry. 

Both the error amplifier and the 
current-limit amplifier have a common-
mode input voltage range from — 0.2 volt 
to a Vcc3 of — 1.5 volts. Fixed internal off-
sets provide a current- limit amplifier and 
a 45-percent maximum duty cycle for the 
dead-time control comparator. 

Prices in 100- piece quantities for the 
plastic DIP are $2.88. The ceramic DIP is 
priced at $3.31. 
Texas Instruments, Inquiry Answering 

Service, P.O. Box 5012, M/S 308 (Attn: 
TL494), Dallas, Tex. 75222. Circle No. 69 

Asynchronous/synchronous 
controllers combined 

This universal line multiplexor combines 
a four- line asynchronous controller with 
a single- line synchronous controller on a 
single board. The communications 
"subsystem-on- a- board" interfaces 
asynchronous terminals as well as a 
synchronous line to a host computer. 
The multiplexor occupies a single slot 

in this manufacturer's Nova or Eclipse 
chassis, and it is software compatible 
with the manufacturer's ALM series 
asynchronous and SLM series syn-
chronous line multiplexors. 
The unit features full modem control, 

including auto answer, and provides 
cyclic redundancy check to assist 
system software in implementing 
various synchronous line protocols, 
such as IBM's " bisync." 

Data General, Rt. 9, Westboro, Mass. 
01581. Circle No. 79 

IC counters offer 
three-state outputs 

The Am25LS2568 and Am25LS2569 are 
programmable up/down BCD and binary 
counters respectively. They feature 
three-state outputs and a choice of syn-
chronous and asynchronous clear. Max-
imum clock-to-output delay is 27 ns. 

Fabricated with low-power Schottky 
technology, the devices replace up to 
five ssi and Nisi packages that were 
previously required to implement the 
equivalent function. They are available 
in 20- pin molded and ceramic dual- in-
line and flat packages for use over 
military and commercial operating 
temperature ranges. 

Prices start at $2.90 for the molded 
package in 100- unit lots. 
Advanced Micro Devices, Inc., 901 

Thompson Pl., Sunnyvale, Calif. 94086. 

Circle No. 81 
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TRW OFFERS MORE THAN 

JUSTA JOB... 

IT OFFERS A FUTURE Q5,1t 
NASA's Tracking and Data Relay Satellite System (TDRSS) is planned to 
substantially supplant the current ground-based spacecraft tracking and 
data network in the 1980's and beyond. The TDRSS will provide tracking 
and data services up to 32 user spacecraft simultaneously via a satellite 
repeater and a dedicated ground station located at White Sands, New 
Mexico. TRW is currently working under a 300 million dollar subcontract to 
Western Union, NASA's prime contractor, to supply the spacecraft, ground 
station hardware and software, and system engineering, integration and 
test services. We have immediate openings for senior communication 
system engineers to perform system analysis and design of this challenging 
new system. 

Communication system analysts and designers with five to fifteen years of 
experience are preferred. The activities available to qualified candidates 
include: 

• System design: Requirements allocation/verifica-
tion for the user forward and return link data services 
and TDRSS tracking, telemetry and command func-
tions. 

• System operations: Requirements allocation/verifi-
cation for the user signal acquisitions/tracking (an-
tenna, carrier, PN code), user tracking services (range/ 
range rate), simulation and verification services, fre-
quency management and operational interfaces. 

• Ground segment design: Requirements allocation/ 
verification for both associate subcontractor and 
TRW equipment and TRW operational software. 

• System analysis: Analytical support to all of the 
above design activities. 

In general, the positions available require the ability to proceed from a 
system design concept through the development and flowdown of re-
quirements to the affected hardware and software, and finally the ver-
ification of the design through analysis, simulation or test. 

TRW's campus-like facilities are located 3 miles from local beaches, and 2 
hours in any direction to great skiing, lakes and deserts. 

We offer excellent benefits including a nationally recognized flexible 
benefits program, competitive salaries and our climate is conducive to 
growth and challenge. 

If you are interested in a future with us, send resume to: 

Box C-MD, Bldg. M3, Room 2073 

TRW One Space Park, Redondo Beach. California 90278 

Equal Opportunity Employer M/F 

COMMUNICATIONS 
ARINC Research, established national leader in systems engineering and analysis, has 
positions available in the Command, Control and Communications Group for experienced 
Project Managers and Systems Engineers. II you are interested in conceptual design, 
systems integration and interoperability studies, signal processing analysis and acquisition 
policy and have experience in any one of the following areas: Satellite Communications, 
JTIDS, WWMCCS, GPS, MLS, or Secure Voice, then we are interested in talking to you. 

Please forward resume or call: 

Robert T. Hall ( 301) 224-4000 

reLlairtsra FIESE—AFICH CORPORATION 

2551 Riva Road, Annapolis, MD 21401  

Offices In California and Maryland 
An Equal Ooportundy Employer M F 
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MANAGER—Scientific Services 

American Hospital Supply Corpora-

tion, a major health care corporation 

is seeking a proven professional to 

manage our new product development 

programs. The responsibilities include 

establishing project objectives and 

schedules as well as controlling costs 

and outside testing. 

The position will be based out of 

Glendale, California. There will be 

approximately 15% travel. 

The candidate we seek will preferably 

have a Phd. in Electrical Engineering 

or computer Sciences with over 4 

years of experience in a research ca-

pacity. Good communication skills are 

required. 

To apply please send your resume in-

cluding salary history in confidence 

to 

Michael R. Miller 

Manager of Employment 

One American Plaza 

Evanston, Illinois 60201 

An Equal Opportunity Employer 

Spectrum's hardware review 

For more information on the follow-
ing products, circle numbers on the 
Reader Service Card corresponding 
to bracketed numbers. 

Optical connector, designed to ac-
commodate duplex (two-fiber) fiber-
optic cables with 0.013- to 0.017-inch-
(0.33- to 0.043-cm-) diameter fibers 
has a self-centering feature that 
aligns mating fibers along their 
center axis, AMP Inc. [90]; 12- bit 
analog-input module is pin compati-
ble with popular microprocessors, 
Burr- Brown Research Corp. [91]; Price 
reductions averaging 25 percent have 
been made in this manufacturer's 
line of Corguide optical waveguides, 
Corning Glass Works [92]; Semicon-
ductor add- in memory system for 
DEC PDP-11/04 and 11/34 minicom-
puters provides 32k by 18 bits of 
dynamic MOS memory on a single 
card, Fabri-Tek, Inc. [93]; Miniaturized 
and metallzed Synthar type TSZ long-
time-constant capacitors retain 99 
percent of their charge for 150 hours, 
Industrial Condenser Corp. [94]; 
Model 2000 data logger is expanded 
in capability to Include types 13, E, N, 
R, and S thermocouples scaled to 
read In °C, ° F, and ° K, in addition to 
standard ranges for types J, K, and T 

thermocouples, Instrulab, Inc. [95]; 
Room-temperature-curing instant 
adhesives for industrial applications 
come in several formulations, each 
intended to solve specific types of 
bonding challenges, Loctite Corp. 
[96]; Ultrathin silver-oxide watch 
power cell has a diameter of 0.455 
inch (1.16 cm) and it is only 0.085 
(0.216 cm) thick, Panasonic (97); 
Ultraminiature polystyrene 
capacitors with values ranging from 
0.1 to 5 MF at 100-volt ratings are less 
than one fourth the size of com-
parable units, PFC, Inc. [98]; Portable, 
plug-in micro/minicomputer power-
supply regulators exceed perfor-
mance ratings of conventional 
ultraisolation transformers and in-
clude voltage- regulation, over-
voltage-protection, and short-circuit 
current- limiting features, Sola Elec-
tric Co. [99]; Dual-density, 75-in/s 
800/1600-W1n, magnetic-tape system 
is available for use with Sperry 
Unlvac V77 minicomputers, Sperry 
Univac, Div. of Spefry Rand Corp. 
[100]; Free Weston model 6000 
autoranging digital multimeter carry-
ing case is offered to purchasers of 
the meter during the period May 
1-August 31, 1978, Weston In-
struments, Div. of Sangamo Weston, 
Inc. [ 101]. 

Systems/Design ENGINEERS 
A Iliallibutenn Company -Welex Division 

Welex, the wireline service division of Halliburton Company. is 
assisting the energy industry in its search for and development of 
oil and gas resources. Welex designs and manufactures the 
electronic surface and subsurface equipment used in its field 
operations Research is the backbone of Welex growth and is 
why we consider our Engineers to be so vital to the success of our 
operations. 

We are initiating a major expansion of our technical staff and 
many challenging opportunities exist for Engineering 
Programmers and Electrical or Mechanical Engineers with 
recent creative experience in some of the following areas: 

• Real Time Software 
• Digital Circuits Assembly 
• Assembly Language 
• Analog Circuits 

• Data Acquisition 
• Microprocessors 
• Graphics Displays 
• Microcomputer 

These permanent positions require minimum BS degree with 
graduate degree preferred 

Welex is headquartered in Houston. Texas. the 5th largest city in 
the U.S. The climate is mild and sunny on the Texas Gulf Coast. 
where cultural events, sports and recreational activities at 
nearby beaches and lakes are available year round Houston's 
lower cost of living and no local or state income taxes make it 
more than comfortable to pursue your profession 

JOIN our team of professionals in helping this vital industry to 
keep AMERICA moving. If you are interested in the career 
opportunities we have to offer, please send resume in confidence 
to Employment Supervisor. Dept IES, P 0 Box 42800. Houston. 
Texas 77042 

We Are An Equal Opportunity Employer M/F 
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HIP 
HERMISTORS 

MINI-MARKF 
Manufacturers who are advertising their important 
new products here are making available product 

literature for your use. Simply circle the 
corresponding numbers on the SPECTRUM Reader 
Service Card inside the back cover of this issue. 

Inexpensive DIGITAL IC TESTER performs 22° 
inspections per test in 1-5 secs. Covers 14. 
16-pin TTL. DTL and CMOS @ 5V. Employs 
fixed pattern functional test, requiring no 
-good" IC for comparison. 4-digit display gives 
absolute results. Can also check continuity of 
resistor network. Model 1248: $795. Electro 
Scientific Industries. 13900 N.W Science Park 
Dr.. Portland, Oregon 97229. 

Sister instrument tests at two added vol-
tages and also covers HTL and offers 

automatic handler interface. 

Circle No. 24 
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This is an example of the many off-

the-shelf stages and mounts for 

micropositioning applications de-

scribed in our NEW 100 page catalog. 

In addition to product specifications, 

the catalog also contains design hints, 

product selection guides, and appli-
cation notes. This catalog is valuable to all 

those interested in vibration isolation systems, 

mechanical stages, laser applications, and electro-optical 

components. Send for your free copy today. 

newport research corporation 
18235Khealdyc,cie.F.,,,t. ,, valley.c.9270ePhone(71419627700 

Circle No. 15 

PLATING 
EQUIPMENT 

for the 
• General Plating Industries 
• Electronic • Space • Missile 
We specialize in the manufacture of 
plating equipment for printed circuits 
and custom consoles. We have a com-
plete line of DC Power Supplies, Dig-
ital Amp Minute/ Hour Meters, Tanks 
and Accessories. Circle No. 32 

Equipment Division 
DEPT 191 

3000 Supply Avenue, Los Angeles, Ca 90040 • ( 213) 726 3033 • TWX 910 580-3179 

CURVE TRACKER 
INTERCHANGEABLE 

THERMISTORS 
Chip thermistors 

with leads and 
coating combine 

SMALL with LOW 
COST and HIGH 
RELIABILITY. R ((/ 
25°C 509 to 5001(9 
±10% to + 1%. 

CURVE TRACKING INTERCHANGEABLE tolerance ± 1°C, + 5°C, 
±.2°C. POINT MATCHED INTERCHANGEABLE tolerances for tem-

perature control to + 1%. Thermistor probes to your specs. 

WESTERN THERMISTOR CORP. 
354 Via Del Monte, Oceanside, CA 92054. ( 714) 433-4484 

Circle No. 14 
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✓IDEO 

XPANDEP 

Converts digital data to 
standard 525-line TV 
format with full gray-

scale (to 256 levels) and resolution to 256 X 512 pixels. 
May be used as computer output device or as slow scan TV 
receiving terminal. Two-way digital data interaction; pictures 
may be written, then altered one pixel at a time. Contact 
CVI, Glen Southworth 
Box 928, Boulder CO 80306, 303/444-3972. 

• 
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New 1977 Catalog of 
• Switching Regulated 
• Open Frame 
• Miniature 
• Modular 
• Laboratory 

Power Supplies 

From The World's Largest Manufacturer of 

  Quality Power Supplies 

POWER/MATE CORP. 
514 S. RIVER STREET.HACKENSACK.N.J. 07601 

Circle No. 6 

ite experiencea 
2114 4k static RAM 

From EMM—the in-
dustry's largest sup-
plier of 4K static 
RAMs—a 2114 with a 

year and a half of de-
livery behind it. Not a new part. Just a new pin-out of a proven 

part. 1K X 4 organization. 5V only. Standard 18-pin DIP. It 
draws only 300 mw, has all the speed you need for micro-
processor applications. 

EMM/SEMI, Inc. 3883 N. 28th Ave., Phoenix, AZ 85017. 

See us at Booth 1327 at the (602) 263-0202. 
NCC SHOW Anaheim CA June 5-8 Circle No. 8 
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MEMORY 
POWER 
DISTRIBUTION 
Mini/Buse helps package 
up to 32K words on a 
single high density add-in 
expansion memory. Low 
cost, low-inductance, 
high-capacitance bus 
bars can solve your 

ROGERS CORPORATION printed circuit space prob-
CHANDLER, ARIZONA 85224 lems and shorten assem-
Phone: (602) 963-4584 bly time while reducing 
EUROPE Metron NV Gent Beig,um JAPAN Nippon Mer. , • ., and isolating noise. 

For Information Only, Circle No. 17 
For Immediate Need, Circle No. 202 

STOCK TRANSFORMERS 
FOR PC BOARD 
MICROPROCESSOR DC 
SUPPLIES 
Designed for triple-output regulated 
supplies used in µP and other logic/op-
amp combinations. 

Featuring single or dual primaries with 
outputs for 5V and -±12V or 5V and ± 15V 
from 5 to 25VA. PRONTO DELIVERY. Send 
for literature and complete list of auxiliary 
components (rectifiers, IC chips, etc.). 

Write or call: Signal Transformer Co., Inc., 
500 Bayview Ave., Inwood, N.Y. 11696, 
Tel. (516) 239-7200. 

Circle No. 34 

GIANT 
FREE 
CATALOG 

Brand new 1978 edition-164 pases. 
Hundreds of unique new items! 
Hard- to-get surplus bargains. In. 
genious scientific tools. 1000'S of 
components, 100's of instruments: 
lasers. comparators, magnifiers. 
telescopes, projectors, micro-
scopes. binoculars, photo- attach-
ments. Fully illustrated. Great 

buys, Write for catalog LE- 12. 

Edmund Scientific Co. 

Barrington N.J. 08007 

Circle No. 4 

FREE 1978 
FIT POMONA ELECTRONICS 
CATALOG 
Over 600 items described and illus-

trated in this 90 page catalog; featuring 

42 new products. From POMONA, the 

quality name in electronic test ac-

cessories. 

ITT Pomona Electronics Division 
1500 E. Ninth Street 
Pomona, California 91766 

Circle No. 207 

i‘s1 .4106. 

ger 140 \ 

wene,, 

Broad Range 
Gaussmeters 
Measure AC and DC magnetic fields. 
Read from milligauss to kilogauss to 
analyze magnetic circuits; measure 
residual fields, stray fields, absolute 

and differential fields. Models available: 
MG-2A analog display. 8 F.S. ranges from 

10 G to 30 KG: MG-3A, analog display. 11 F.S. 
ranges from 1 G to 100 KG: MG-30. digital display. 

5 F S ranges from 10 G to 100 KG. Write: 

WALKER 
SCIENTIFIC INC. 

  ROCKDALE ST. / WORCESTER, MASS. 01606 U.S.A. 
Telex No. 920489 / Telephone (617) 852-3674 

Circle No. 13 

Free 192-page 

Optics Guide 

(regularly $8.50) 

covers use of Lenses, 
Beamsplitters, Filters, 

MIES GtIOT Reflectors, etc. 
Includes catalog of world's largest selection 
of stock optics. 

Send letterhead stating your application to: 
Melles Griot, 1770 Kettering Street, 
Irvine, CA 92714 or phone 714/556-8200. 

Circle No. 12 

OPTICS 
GUIDE 
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Fluke Makes the Best DVM Better! 

Fluke's new 8502A gives you added front panel accessibility 
to the µP power of the workhorse 8500A. That makes it the 
most advanced DVM for bench and systems. 

Imm • t00000 • 0 •E 

• • • - - (sr 
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FLUKE 
CALL (800) 426-0361, TOLL FREE, or write: 
John Fluke Mfg. Co., Inc., P.O. Box 43210. 
Mountlake Terrace, WA 98043. 

For Literature, Circle No. 27 For Demonstration, Circle No. 28 

nee •••• we two.« •••• 
• III • • • • • . 

PROGRAMMABLE 
DC VOLTAGE STANDARD 
From -± 0.0/ to -± 1000 Vdc 

A new auxiliary option, Model RA-4, extends the range of the main 
frame instrument. Combined RA-4. 501 specs are: 4 RANGES: 
100 m V, ± 10 V, ± 100 V, ± 1000 Vdc/RESOLUTION (loom): 0.1 µV, 
1 µV, 10 µV, 100 µN/ACCURACY: ± (0.01% of setting + 0.0005 of 
Range)/STABILITY: 0.0001% 24 hrs: 0.0025%/90 days: 0.005%! 
year PRICE: $1350. (export higher). All functions are program-
mable — all outputs via single connector set. 

C' 

ELECTRONIC 
DEVELOPMENT 
CORPORATION 

11 Hamlin St.,So. Boston, MA 02127 Tel: (617) 268-9696 

Circle No. 200 
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A few well chosen ee 
words from EMM 

The EMM SEMI 3539 is a 256-word 
by 8-bit RAM. It features 400 ns 
maximum access time, TTL-compatible inputs and outputs, and +5V power 
supply. Use of a common I/O bus permits packaging in a standard 22-pin DIP, 
with multi-sourced pin-out. A small memory system in one package! 

For complete Information on the EMM SEMI 3539, contact any EMM SEMI 
sales office or distributor, or call us today. 

EMM SEMI, Inc. 
A subsidiary of Electronic Memories & Magnetics Corp 

3883 North 28th Avenue, Phoenix, Arizona 85017 ( 602) 263-0202 

SEE US AT BOOTH 1327 AT THE NCC SHOW, ANAHEIM, CA, JUNE 5-8 

Circle No. 9 

OEM HeNe Redline TM 
Lasers 

Offer design engineers output 
powers from 2mW to 6mW. Coher-
efltTM HeNe lasers are used for 

measuring quality control, and 
reading and writing. Also in facsimile 
transceivers, graphics, industrial bar 
code readers, alignment systems, 
surface inspection devices and a 
dozen others. Coherent offers singular laser units or integrated systems 
complete with acousto-optic modulator and power supply driven by TTL logic 
levels. More than four years of field experience and two million device hours 
of life data have been logged. 

Contact Coherent, 3210 Porter Drive, Palo Alto, CA 
94304. 
(415) 493-2111 Circle No. 3 

Applications literature 
All about 
analog multipliers 

This 40-page applications guide covers 
analog multipliers, dividers, squarers, 
and square rooters. Over 30 applications 
are presented, along with a section on 
theory and a bibliography. Applications 
detailed include increased accuracy 
with multiplying DACs, audio power 
boosters, bridge linearization, automatic 
level control, flow meters, and acoustic 
thermometers. 
The applications guide is published by 

Analog Devices, P.O. Box 280, Norwood, 
Mass. 02062. Circle No. 120 

Fundamentals of 
phase-control SCRs 

This 12-page applications note presents 
information on the basic operation of 
phase-control silicon-controlled rec-
tifiers (SCRs). Nineteen graphs, figures, 
and circuit diagrams illustrate the 
discussions of junction temperature, 
voltage blocking, thermal resistance, 
power dissipation, etc. Applications in-
formation and an appendix of mathe-
matical derivations are also included. 
The applications note is published by 

FMC Corp., Semiconductor Products 
Div., 800 Hoy/ Street, Broomfield, Colo. 
80020. Circle No, 121 

Applying reed switches 
to temperature sensing 

This nine-page manual describes how 
reed relay switches, originally designed 
for telephone systems applications, 
have been adapted to tempertature-
sensor applications. Thirteen illustra-
tions highlight the discussion. Specific 
uses suggested include engine 
temperature sensing, oven overheat 
alarm, food-freezer thaw warning, and 
cooling-fan stop indicator. 
The manual is published by Midwest 

Components Inc., P.O. Box 787, 
Muskegon, Mich. 49443. Circle No. 122 

Understanding software for 
corporate financial accounting 

This 68-page manual provides a step-by-
step guide for executives and data-
processing professionals involved with 
the selection of a computer-based finan-
cial application system. Besides a wide 
range of case histories, the manual 
features many charts, graphs, and sam-
ple reports. Highlights include the flow 
of cost accounting, transaçtion 
analysis, and on-line information needs. 
Generating reports, financial 
statements, and related information 
necessary for accurate decision making 
is also demonstrated. 
The manual is published by Software 

International, Elm Square, Andover, 
Mass. 01810. Circle No. 123 

Getting NBS time 
via satellite 

This 12- page brochure describes the Na-
tional Bureau of Standards time code 
now being broadcast from the Geosta-
tionary Operational Environmental 
Satellites. These satellites are in orbit 
over the equator and provide 24-hour, 
continuous service to the entire Western 
Hemisphere. Reception is easily im-
plemented with a small antenna and a 
commercially available automatic 
receiver. 
The brochure ( Publication TFS-602) is 

published by the National Bureau of 
Standards, Boulder, Colo. 80303. 

Circle No, 124 

New thoughts on 
microelectrode measurements 

This 24- page laboratory handbook and 
reference list is intended for elec-
trochemical researchers in biological 
science. Detailed are the various 
methods and equipments used to per-
form potential or current and impedance 
measurements in electrolytes. Chapter 

listings include: electrode fundamen-
tals, micropipette electrodes, ion-
specif ic microelectrodes, and elec-
trotitration.Reference are also provided. 

The handbook is published by W-P In-
struments, Inc., P.O. Box 3110, New 
Haven, Conn. 06515. Circle No, 125 

Understanding temperature 
and power controls 

This 44- page catalog of temperature 
controllers, thermostats, and magnetic 
contactors contains five pages of " how 
to" information on selecting 
temperature controllers, a glossary of 
technical terms common to 
temperature-controller descriptions and 
specifications, and several applications 
examples illustrated with typical wiring 
diagrams. 
The catalog is published by 

Chromalox Division, Emerson Electric 
Co., 7500 Thomas Blvd., Pittsburgh, Pa. 
15208. Circle No.126 

Spectrum's literature review 

To receive these items, circle the in-
dicated Reader Service Card numbers. 

Hybrid and monolithic data converters 
(tutorial and catalog), Datel Systems, 
Inc. [ 135]; Catalog of microcomputers, 
accessories, software packages, parts, 
and literature, Tandy Computers [ 136]; 
Measuring molecular parameters with 
light- scattering instrumentation, 
Chromatix [ 137]; Making multiple power 
system measurements with a polymeter, 
Dranetz Engineering Laboratories Inc. 
[138]; Temperature•resistance 
characteristics of a positive-
temperature-coefficient silicon ther• 
mistor, Texas Instruments Inc. [ 139]; 
Relay selection and application manual, 
Relay Specialties, Inc. [ 140]; YAG laser 
primer/catalog, General Photonics Corp. 
[141]; Check list evaluates power struc-
ture of typical computer installations, 
Computer Power Systems Corp. [ 142]; 
Liquid-crystal displays— principles of 
operation, construction, and applica-
tion, Beckman Instruments, Inc. [ 143]; 
EMI defined, discussed in filter hand-
book, AMP Capitron Division [144];Moun-
ting power semiconductors for adequate 
cooling, Westinghouse Electric Corp. 
[145]. 
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BOX 56 

ProtessIonai consulting services  
DONALD RICHMAN 

Consulting, Research and Development 
Automatic Process Control, Avionics, 
Communications, Radar, Sonar, M LS, 
Microprocessors, Displays, Color TV, 

Digital Systems, Signal Processing 
Richman Resea rch Corporation 

445 Northern Boulevard 
Great Neck, N.Y. 11021 (516) 487-3445 

FREDERICK A. KAHL (SM'57) 
LIGHTNING PROTECTION CONSULTANT 

SYSTEMS—CONSTRUCTION—LAYOUT— 

UPGRADING PRESENT INSTALLATIONS— 

SEMINARS—iNSTRUCTION—SPECIFICATIONS 

805-969-5998 
SUMMERLAND CA. 93067 

A. J. McPHEE CONSULTING ENGINEERS 

TELECOMMUNICATIONS SYSTEMS 

INFORMATION NETWORKS 

Analysis. Appraisal, Implementation 

466 ow Nook Road Tel: 201-967-9415 
Emerson, N.J. 07630 Telex: 126285 McPhee 

R. C. HANSEN, INC. 

Consulting engineer in radiating sys-
tems, antennas, and electromag-

netics. 
Box 215 

Tarzana, California 91356 
213-345-0770 

MIDWEST NETWORKS 

Custom & Prototype Filters 

Computer Proven Designs 

Complete Engineering Services 

Box 29, Medinah, Illinois 60157 

(312) 529-4610 

MSI TELECOM ENGINEERS 

Industrial, Government and Utility Systems 

Microwave, • Cable • Mobile Radio • Switching 
Surveys • Designs • Specifications • Construction 

Frequency Data and Planning • FCC Rules 

Established 1952 Denville. N J 07834 

V J Nexon, Director 201-627-7400 

CONSULTING COMMUNICATIONS 
ENGINEERS, INC. 

C. Raymond Kraus, President 
A group of experts from the Bell System • 
Guidance, Counsel, Studies, Programs, 
Expert Testimony • Quality of Service De-
termination • Mergers • Seminars for 
Telephone Executives • Interconnection • 

845 Mt. Moro Rd., •Villanova, Pa. 19085 
215 525-8445 

LEONARD R. KAHN, P. E. 

Consultant in Communications and Electronics 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Stereophonic Systems 

Modulation Systems 
74 North Main Street 

Freeport, New York 11520 
516-379.8800 

PAUL D. ROCKWELL 

Telecommunications Engineer 
HF-VHF-UHF- microwaves • Earth stations 
Overseas broadband turnkey installations 

Proposal preparation 
System analysis • Performance predictions 

Test plans • Factory & field liaison • Reports 
5800 Hillburne Way, Chevy Chase, Md. 20015 

(301) 654-7669 

SAMUEL SENSIPER, Sc.D., P.E. 

CONSULTING ANALYSIS AND DESIGN 

ELECTROMAGNETICS AND ELECTRODYNAMICS 
ANTENNAS, MICROWAVE COMPONENTS AND SYSTEMS 

D 90%3,02 CULVER CO, CA90230 2,3-620-3'' 

LIGHTNING ELIMINATION ASSOCIATES 
PROTECTION SERVICES GUARANTEED 

LIGHTNING STRIKES 
POWER LINE SURGES 

SWITCHING TRANSIENTS 
ELECTROMAGNETIC DISTURBANCES 
ROY B CARPENTER. JR, PRESIDENT 

12412 BENEDICT AVE DOWNEY, CA 90242 
(213) 923-1268 CABLE: LEAINC 

ADVERTISING SALES OFFICES 
New York, N.Y. 10017, 345 East 47th Street. 

William R. Saunders Advertising Director 644-7767 
Hendrik Prins Research Manager 644-7768 
Eugene V. Lombardo New York Manager 644-8042 
Carl Maier Advertising Production Manager 644-7579 

Boston, Mass. Gerard S. Mullin. The Channel. Brewster 02631, 617-896-5930. 

Philadelphia, Pa. Andrew N. McCreight, Box 199. Chester Springs, 19425, 215-363-7355. 

Chicago, Ill. Ralph Bergen. 540 Frontage Road, Suite 361-A, Northfield 60093, 312-446-1444. 

San Francisco, Calif. 94104. Charles S. Harrison, 57 Post St., 415-392-6794. 

Los Angeles, Calif. 90057. Peter Schulz, Ken Jordan. 1901 West 8th St., 213-483-8530. 

Tokyo, Japan 141. Dempa Publications, Inc., 11 -15 Higashi-Gotanda, 1-chome, Shinagawa-ku. 

England. Edwin S. Murphy, P.O. Box 17, Horley, Surrey, RH6 OEX 0293-862611. 

Publisher: Donald Christiansen Administrative assistant: M. C. Cortes-Vergara 

Associate Publisher: W. R. Saunders ( Advertising) 

Vice President, Publications: R. W. Lucky 

M. T. MANRY, Ph.D. 
Consultant in Digital Signal Processing 

• digital filtering . FFT processing 
• digital control • image processing 

. FORTRAN software 

Analysis—Design 
300 E. 30th, Austin, TX 78705 

512-472-5538 

Dennis Willard, P. E. 
Data and Control Systems: Computer Pe-
ripherals; Automatic Test Equipment. 
Product Planning, Design Reviews, Product 
Development & Proclact Engineering. 

CTL, Box 6356, Santa Rosa, Ca. 95406 
(707) 526-3615/3660 

DAVIS & ASSOCIATES, INC. 
Telecommunications Consultants 

proposals analysis 

system designs construction 

microwave—TV--digital—UHF —satellite 

802 LIngco Drive (214) 234-5422 
Richardson TX 75081 D. K. Davis, Pres. 

ALBERT E. HAYES, JR., Ph.D. 
Consulting Engineer 

ELECTROMAGNETIC COMPATIBILITY 

Proposals • Studies • Reports 
System Design • EMI Test & Control Plans 

Supplier Liaison • Test Surveillance 

Box 2948, Fullerton, CA 92833 (714)558-8031 

EMACO EMC CONSULTANTS 
Electromagnetic Compatibility (FCC. CISPR. 
VDE. MIL-STD-461), Accurate German-English 

Translations of 

VDE 
Regulations 

Herbert K. Mertel 
P.O. Box 22066, San Diego, CA 92122 

(714) 453-2480 

BERNARD L. KLEINKE J.D. 
Registered patent attorney will evaluate and prosecute patent 
applications for industry and individual inventors all Idear ht fields 
of— 

Electronics Telephony 
Television Computer Systems 

Electrical Hardware/Software 
Member: American Bar Association Software Patent 

Committee 
Chicago Bar Association Patent Law Committee 
Patent Law Association of Chicago 

135 S. Là Salo SI, Chicago, Illkwls 60403 (312)332-6420 

Advertising Rates 

1 Insertion S 150.00 
12 Insertions $1440.00 

50% discount to IEEE members on 
3 or more consecutive insertions. 

1 inch only, no cuts or display type. 

Advertising restricted to professional 
engineering and consulting services. 
No product may be offered for sale. 
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SENIOR ELECTRONICS 
PROJECT ENGINEER 

Ball Corporation, a widely diversified manufacturer of 

products which expand consumer and commercial 

markets, is actively seeking a Senior Project Engineer 
to take-on immediate micro and mini computer systems 

design responsibilities within its progressive Muncie 
facility. 

Qualified candidate will possess a BSEE or CS degree 

coupled with a minimum of 5 years industrial control 

systems design experience including demonstrated 

accomplishments in systems development and as-

sembler programming. Prior exposure to Intel micro-

computer applications is desired but not mandatory. 

25% travel. 

Excellent salary and full benefits accompany this ex-

ceptional Corporate engineering opportunity. For im-

mediate consideration, forward detailed resume in 

confidence, or phone COLLECT to: 

Norman Rappe 
Personnel Manager 

BALL CORPORATION 
P.O. Box 5000. Muncie, IN 47302 

(317) 747-6600 
8am to 5pm est. 

Al Equal Opportunity Employer M/F 
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12 
YEARS 
OF 

STEADY 
GROWTH 

1978 

1977 

1976 

TASC 
THE ANALYTIC SCIENCES CORPORATION 

A unique growth environment 
for very able 

Systems 
Engineers 

1975 

1974 

1973 

1972 

1971 

1970 

1969 

1968 

1967 

At TASC, we have more than 50 active proj-
ects The last thing you'll get into is a rut 
You'll solve extremely challenging prob-
lems, work in small teams, under just about 
ideal conditions to foster your best achieve-
ment You'll grow—count on it. 
We hire people very selectively, who 

have an advanced Engineering degree and 
strong writing, oral, and interfacing skills. 
Our immediate openings afford leadership 
opportunities in the following areas . 

Radar Guidance Systems 
Develop error models and simulations for mid-
course and terminal radar and radar/inertial 
guidance systems. 

Avionics 
Evaluate performance, reliability life cycle cost of 
advanced avionics. Utilize cost models and test 
data to validate competing design alternatives. 

Inertial Systems Testing 
Develop acceptance test methodologies for 
advanced inertial navigation systems. Apply 
modern estimation techniques for the projec-
tion of test data to operational performance 
requirements. 

Optical Systems Analysis 
Develop optimal estimation and control 
algorithms and fire control logic for integrated 
pointing/tracking/adaptive optics systems. Ana-
lyze performance of the resulting beam control 
systems 

Navigation Systems Software 
Generate specifications for a navigation system 
environmental simulator including control tra-
jectory generation, navigation and instrumenta-
tion functions 

Geophysical Applications 
Develop mathematical models describing geo-
physical phenomena, especially as related to 
gravity and geodesy Analyze survey data to vali-
date models 

TASC is located about 10 miles from Boston. 
Benefits are liberal, compensation fully reflects 
abilities and is regularly reviewed Please send 
inquiry, with resume, in confidence, to: 

Mr R S Taskey 

TA SC 
The Analytic Sciences Corporation 

6 Jacob Way, Reading, Mass 01867 
An filial Opportunity t iliployri IVI 

U S Citizenship itHstfired 

Technische Hogeschool Delft 

DELFT UNIVERSITY OF TECHNOLOGY 
Department of Electrical Engineering 

The Department of Electrical Engineering has a position open 

for a 
Professor in Electronic Instrumentation  

The main responsibilities will be teaching and research in the 
field of electronic measurement equipment and instrumen-
tation systems with emphasis on systems for the transduction 

of physical parameters into electronic signals and the pro-
cessing of these signals in order to make them suitable for 

presentation, registration or control. 

The applicant should have experience in one of the relevant 

subjects and be qualified to perform research and to super-
vise research projects of staff, graduate and undergraduate 

students. 
He is expected to teach in the Dutch language within two 

years after the appointment. 

Qualified applicants are invited to send their curriculum vitae 
and a list of scientific publications within two months after 
publication of this advertisement to the Dean of the Depart-

ment of Electrical Engineering, Prof. Dr. Ir. S. Middelhoek, 
Mekelweg 4, P.O. Box 5031, 2600 GA DELFT The Nether-

lands. 
Anyone desiring to nominate a potential candidate is also 

invited to contact the Dean. 
Salary will be in accordance with the usual scale for pro-

fessor. 

ENGINEERS 
Looking for something better? 

AA! Corporation can provide the answer: 
• Technical challenge 
• Administrative challenge 

• A unique place to live and work 
• Recognition 
• Professional Growth 

We are a company that is experiencing dynamic growth! This growth 

provkfees outstanding opportunities to software, hardware and menagernent 
personnel to participate in the development of advanced Simulation Sys-

tems (Radar, Sonar, Fire Control. IR. Air Traffic Control and Electronic 
Warfare) These systems provide a technical and administrative challenge 

second to none Positions are available in one or more of the following 

specialties 

• LOGIC DESIGN 11 REAL TIME 
la SYSTEMS DEFINMON PROGRAMMING 

II GENERAL 8 SPECIAL PURPOSE al DESIGN 
COMPUTER INTERFACES SUPERVISION 

ikal is conveniently located in beautiful Hunt Valley. a rural/urban corn-

munfly North of Baltimore, within a short drive of the Chesapeake Bay and 
the cultural centers of Baltimore and Washington This community offers 

a wide variety of living styles and excellent school systems AAI offers an 

excellent salary and benefits proçyarn 

For Immediate consideration, 

call Hugh N. Shaffer 

Personnel Supervisor 
301 666-1400 weekdays 8-4 
or send resume In confidence. 

CD' t ertnrin 
P.O. Box 6767 

Baltimore, Maryland 21204 
EQUAL OPPORTUNITY EMPLOYER 
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4%-
And innovation is our client's stock in trade. We're 
LRK Associates and we represent one of the top 
10 employers of creative hardware and software 
design professionals. If your experience matches 
the areas below, consider initiating a professional 

TRION OF ININIOVATION. 
dialogue with us now. We can introduce you to a 
multitude of long-range projects and programs 
that will prove not only financially rewarding and 
professionally stimulating, but will also afford 
you a tremendous measure of personal pride. 

IMMEDIATE OPPORTUNITIES EXIST IN THE AREAS OF: 
• Software Systems Design and Development 
• Command & Decision Software Definition 
& Design NTDS Systems 

• Signal Processing Design 
• Intelligence Systems Software Design 
• Documentation Engineers 
• Software Project Management 
• Proposals Expertise for 

Large Scale Systems 

In The East: 

703-790-8640 
LRK Associates 
Management Consultants 
6845 Elm Street, Am. 4604 
McLean, Virginia 22101 

• Command and Control 
• Simulation Design Engineers 
• Data Base Design 
• Digital Logic Design 
• Microwave Design 
• Ship Systems Design 
• Combat System Integration 
• Systems Analysts: Radar (ASW), 

Communications and Weapons 

L.RC 
ASSOCIATES 

U S CitIzenship Recitored 
epresenfing equal employment opportuney MiFiH 

In The West: 

714-848-8494 
LRK Associates 
Management Consultants 
16371 Beach Boulevard # 141, Rm. 4604 
Huntington Beach, CA 92647 



Announcing a new service for you: 

READER 
SERVICE 
PRODUCT 
SELECTOR 
Only you and certain other selected readers receive this edition of SPECTRUM 
called SPECTRUM • E It is mailed only to individual computer-selected engineers 
having specific qualifications, experience and occupational needs. Advertising in 
SPECTRUM • E is concentrated in those areas concerned with the design and applica-
tion of electronics devices and systems. An additional service, aimed to help you, is this 
list of products and services which may be of current value. 

Simply circle the appropriate Reader Service Numbers on the opposite page and 
SPECTRUM will promptly forward your requests to the manufacturers. 

Category 

COMPONENTS 
Axial leaded capacitors 

Capacitors 
Chip thermistors 
Codec 
Driver module 

Lasers 
Optics components 
Static RAM, 4k 
Static RAM, 256 x 8 

Switches 
Transformers 
12- bit analog-input module 78 
Ultraminiature capacitors 78 
Video A/D converter 76A 

Page Circle 
No. 

76B 
78 
79 
15 
58 
81 
80 
79 
81 
8C 
80 

COMPUTING 
Array processors 

Computer systems 
Magnetic-tape system 
Memo system 

Cover 4 
8G 
78 

78 

DESIGN AIDS 
Electro-optical design aids 79 
Leak detectors 8H 

33 

94 
14 
38 
37 
3 
12 
8 
9 
18 
34 
91 
98 
30 

39 
29 
100 
93 

15 
31 

Category Page Circle 
No. 

Plating equipment 79 32 
Test accessories 80 207 

Wire dispenser 5 16 

INSTRUMENTATION, 
TESTING 

Current monitor 64 
Current sensors 70 
Data logger 78 
Digital IC tester 79 
Digital multimeter 78 
Digital voltmeter 80 

Earth tester 59 
Gaussmeters 80 
High voltage testing 58A 

Measurement and 
recording systems Cover 2 

Micro bus analyzer 88,17 
Modular instrumentation 6-7 
Multifunction tester 4 

Portable oscilloscope 8D-E 
Spectrum analyzers 74B 
Temperature monitor 71 
Vector voltmeter 71 
Voltage standard 80 
Waveform recorder 22 

5 
7 

95 
24 
101 

27,28 
1 

13 
23 

211 

35,36 
25,26 
203 

204,205 
21 
212 
10 

200 
201 

Category Page Circle 
No. 

MATERIALS, PACKAGING 
Adhesives 
Optical connector 

Optical waveguides 
Wire and cable 

78 
78 
78 

76B 

MULTIPRODUCTS, 
SERVICES 

Advanced technology 14-15 

CAMAC standards 61 
Multiproducts 80 

POWER SOURCES 
Lead-acid batteries 
Power cell 
Power distributor 
Power supplies 
Power-supply regulators 

8F 

78 
80 

79 
78 

SYSTEM MODULES 
Video expander 79 

96 

90 
92 

206 

22 
208 
4 

19 

97 
17,202 

6 
99 

2 
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NEW CONCEPTS 
SYMPOSIUM 

AND WORKSHOP 
ON DETECTION AND 
IDENTIFICATION 
OF EXPLOSIVES 

A symposium workshop to solicit new 

and imaginative approaches for the 
detection and identification of illegally used 
explosives is being sponsored by the U.S. 

Departments of Treasury. Energy, Justice 
and Transportation on October 30, 31 and 

November 1, 1978 in Reston, Virginia. The 
purpose of this symposium is to dessemi-
nate to a broad range of currently unin-
volved members of the scientific and 

technical community: 1) current needs and 
problems 2) state of current research and 
3) interest of the federal sector in new ideas 
and approaches. General and poster ses-
sions will be used to describe operational 
requirements and the state of current 
technology. Small workshop sessions will 

be utilized to explore new approaches. 
Registration will be held on October 29 
between 6 PM and 8 PM. 

Examples of current research which will be 
discussed include: 

Vapor Detection Methods 
Natural vapor characterization 

Vapor tagging of explosives 
Detection instrumentation 
Animals 

Non-Vapor Detection Methods 
Nonionizing: e.g., NMR, FIR 
Ionizing: e.g.. X Ni ray. CT 
Deactivation of Blasting Caps 
Non-Vapor Taggants 

Identification Methods 
Identification Taggants 
Debris Analysis 

Taggant Incorporation Methods 
Microencapsulation 

Vapor Absorption 

Coatings Alloying 

Limited funds may be available to en-

courage the participation of a few resear-
chers. Applications for travel support are 
currently available and must be returned to 

the Symposium Chairman by 1 August 
1978. 

Researchers are also encouraged to sub-
mit papers and poster session displays. A 
short outline of proposed papers or 

displays should be submitted to the Sym-
posium Chairman by July 17. 1978. Any-
one interested in attending, presenting 

papers or displays, or otherwise par-

ticipating in this symposium should con-
tact: A. Atley Peterson. Symposium 

Chairman, Bureau of Alcohol. Tobacco 

and Firearms. 1200 Pennsylvania Ave.. 
N.W., Washington. D.C. 20226 

(202) 566-7436. 
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If you are not now a member of IEEE and are 

interested in applying for membership, please 

check appropriate box on the Reader Service 

cards. 
Or write to: IEEE Membership 

345 E. 47th Street 

New York, N.Y. 10017 

Attn: Mark M. Lucas 

PLEASE 
PLACE 

101 STAMP 
HERE 

READER INFORMATION DEPARTMENT 

spectrum 
P.O. Box 315 

Dover, N.J. 07801, U.S.A. 

PLEASE 
PLACE 

100 STAMP 
HERE 

READER INFORMATION DEPARTMENT 

sPe 
P.O. Box 315 

Dover, N.J. 07801, U.S.A. 
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Systems Engineers 
Arizona Public Service Company, a recognized industry 
leader in the development of power systems and pro-
cess control, has immediate openings for the following 
Systems Engineers: 

Process Control 
Power plant control computer software systems design, 
development and application. Real-time FORTRAN 
assembler programming. Engineering, mathematics, 
or physics degree required Minumum of 2 years soft-
ware systems engineering experience required. 

Electric Utility 
Analytical and applications design and development for 
engineering and operations. Bachelor's degree in En-
gineering. Physics or Math required.- Minimum of 2 
years systems engineering experience in engineering 
and operations applications on IBM 370 system. 

Power System Analysis 
Develop and maintain State-Of-The-Art power systems 
analysis software concerning power flow transient 
stability, and fault analysis. Minimum of Bachelor's 
degree in Electrical Engineering or mathematics is 
required with knowledge of FORTRAN Experience in 
power systems analysis is desirable. 

We offer excellent salaries and fringe benefits as well 
as the casual lifestyle of the Southwest. If you are in-
terested, please send your resume including salary 
history to: Mr. Tom York, Arizona Public Service Co., 
P.O Box 21666, Station 1199, Phoenix, AZ 85036. 

Arizona 
Public Service 
Co. 

an equal opportunny employer m/f 

ASSISTANT PROFESSORSHIPS 
in 

ELECTRICAL ENGINEERING 
Applications are solicited for a junior faculty 

position in the Department of Electrical Engi-

neering and Computer Science in the area of 

high voltage technology. Candidates should have 

a strong background in the physics of conduction 

and breakdown in solids, liquids, and gases and 

should be interested in applying this technology 

to high voltage systems and devices. Duties in-

clude teaching at the graduate and undergrad-

uate level, performing research, and supervising 

thesis students. Research would be carried out 

within the Electric Power Systems Engineering 

Laboratory 

Applicants should include a curriculum vitae and 

names and addresses of 3 or more references, 

non U.S. citizens should include an explanation 
of visa status. Additional material describing the 

applicant's work, such as papers or technical 

reports and a one-paragraph statement of future 

research plans, would be helpful. Send appli-

cations to: 

Professor Gerald L. Wilson 
Chairman 

Electric Power Systems Engineering 
Laboratory Search Committee 

Massachusetts Institute of Technology 
Room 10-172 

Cambridge, Massachusetts 02139 

M.1 T. is an equal opportunity/affirmative action 
employer and actively solicits applications from 
women and minority group candidates. 
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A Place to 
Rinse Your Mind 
Oregon. Much of its natural beauty remains. It is 
an ideal place to grow. We grew here ... from a 

small shop to a Fortune 500 R&D and • 
manufacturing complex. We're still growing. Rich 
green forests and fields, streams, mountains, and 
boating waters to the Sea. We believe there is no 
better contrast for high technology thinking; and 4 
•  rio better prescription for clearing the mental 

°flitter that can stand in the way of a fresh idea. It 
'wdrks. One of our engineering managers recently 

ad-libbed: "We've gotten into the habit of 
success." Our concern is more than technical 

exCelIence. Excellence in people, and support for 
•-•• ", what they believe they can do is the expectation 

•.* we place on our commitment. Learn more about 
and about what we can do together. There are 

,,,continuing opportunities 'ranging from advanced 
r' ybrid Microelectronic R&D to IC and Instrument 

Production and Marketing. If you.hàve anyof the 
ésh idea company ... a Fortune 500' 

leadgr 6fnstrumentation Graphic Display, and 
mputer Peripherals cart.sé', Write6 us: 
al Staffing, TEKTRONI5(,'INC.,,P,O. Box • 

500, Beavertor4GregOn W077. 

Lied .print of this Scene.igiv4ilable at no 
',get). ' Just drop a notelo: Eppidk at the 

Ze4. ".„1 above address. 
, 

An Equal Opportunity Employer 

Tektronbc 
COMMII \CALL L NC/ 



While the fish in the bowl darts about in front of a TV 
camera, cross-hairs on a video monitor track its 
constantly shifting centroid. The MAP-300 array 
processor — with 15 million floating point oper-
ations per second — follows the fish, continually 
processing digitized video data in real time. An I/O 
Scroll"' interfacing the TV camera inputs digitized 
video directly into the MAP at a rate of 4 million 
pixels per second. This goldfish and 
its TV-twin are the proof that even 
the most demanding real time array 
processing tasks are now possible 
. . . but ONLY with MAP. 

Fast 1:0 Scrolls — input/output 
address processors — provide 
MAP's real time capability. They pull 
data directly into MAP and rush it to 
one of three independent memory 

busses at transfer rates up to 40 megabytes per 
second. CSPI is delivering a full line of economical 
I'0 Scrolls that interface a wide variety of peripheral 
devices to MAP. A torrent of data that would swamp 
any computer or other array processor can move 
directly through MAP like a fish through water. 

If you didn't catch our fish act at the IEEE Confer-
ence in Tulsa, talk to someone who did or ask for a 

demonstration yourself. Write to 
CSPI for references, technical spec-
ifications, pricing, and application 
notes on real time array processing. 

DWI CSP Inc. 
209 Middlesex Turnpike 
Burlington, MA. 01803 
(617) 272-6020 

What can a goldfish tell you 
about Array Processing? 
MAP is the only Array Processor that functions 

in real time...all the time. 


