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 EDITOR’S PROFILE of this issue 
from a historical perspective …  

with Paul Wesling, SF Bay Area Council GRID editor (2004‐2014) 
 
March, 1963: 
Cover: Here we get an early view of what will become Silicon Valley – looking 

across San Jose with San Francisco in upper‐left, Berkeley and Oakland in 
upper‐right.  This is a part of the new IEEE’s San Francisco Section, part of 
the new Region 6.  As part of the merger of AIEE and IRE, there are 
several new subsections formed ‐‐ Santa Clara Valley, and Fresno ‐‐ to 
supplement the existing East Bay subsection.  There are still five Divisions 
and 20 Professional Groups that need to be re‐aligned into the IEEE’s new 
local chapters.  Other merger details on page 5. 
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larch 5 (Tuesday) SFS/PTGEC, ID

■larch 12 (Tuesday) SFS, SCVS
■larch 13 (Wednesday) PTGAP/PTGED/PTGMTT/PTGSET, PTGEM
larch 21 (Thursday) FSS

larch 27 (Wednesday) PTGAP/PTGED/PTGMTT/PTGSET, PTGIM
ipril 10 (Wednesday) PTGAP/PTGED/PTGMTT/PTGSET
ipril 24 (Wednesday) PTGIM

lay 29 (Wednesday) PTGIM
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Mega-Node
240-B
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Mega -Mode
403-Ao Low voltage 

standing
wave ratio 
over entire 
frequency 
range.

o Noise figures 
measured 
directly in db.

o Low voltage 
standing
wave ratio 
over entire 
frequency 
range (less 
than 1.2).

o Meter 
calibrated 
both in noise 
figure and in 
noise diode 
current.

• Noise figures 
measured 
directly in db.

• Choice of 
output 
impedance.

• Balanced and 
unbalanced.

• Reads noise 
figure 
directly.

KAY
Mega-Mode 3000

780

1 - 3000 MC 
CALIBRATED (VARIABLE) 
NOISE GENERATOR

3 - 500 MC 
CALIBRATED (VARIABLE) 
RANDOM NOISE SOURCE

The Mega-Node is a c 
noise source providing < 
eral output impedances 
either balanced or unb 
may be used for the r 
of receiver gain or nc 
tedious calculation of < 
and for the indirect c 
ard signal sources. T 
fined as the ratio of • 
practical system to ti 
ideal system, may t 
the meter of the Mej

5 MC TO 220 MC 
CALIBRATED VARIABLE 
NOISE GENERATOR

o Wide 
frequency 
range of 3 me 
to 500 me. 
Broad-band 
50-ohm 
output with 
no tuning.

• Accuracy
±0.5 db.

o Noise Figure, 
0 — 20 db.

• Price: $790. 
f.o.b. factory. 
$869. f.a.s. 
N. Y.

• Price: 
$375.00

• Price: 
$375.00, 
f.o.b. factory.
$412.50, 
f.a.s. N. Y.

o Accuracy 
±.25 db 
below 250 
me, ±1.0 db 
below 2000 
me, and ±1.5 
db at 3000 
me.

• 50, 70, 150, 
or 300 ohms.

’*ave

Gc.

amy
CAP‘ta/ 6-4000

• Wide 
frequency 
range of 1 me 
to 3000 me. 
Broad-band 
50-ohm 
output with 
no tuning.
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PULSE CAPACITORS

PULSE-FORMING NETWORKS

PULSE TRANSFORMERS

PULSE SYSTEMS

COMPANY
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GENERAL

CAPACITOR
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HIGH-POWER PULSE COMPONENTS 
DESIGNED AND MANUFACTURED 
FOR MODULATOR APPLDCAT1ONS

GENERAL CAPACITOR
755 LOMA VERDE AVENUE 

PALO ALTO, CALIFORNIA • (415) 3 21-8 304

I

PULSE-FORMING NETWORKS
A rack-mounted network with average power of 100 kw, peak power of 100 Mw, 
an airborne network with average power of 300 watts, peak power of 300 kw.

*20
•Sa

HIGH-VOLTAGE CAPACITORS
Available with ratings from 2 kv to 200 kv, 
and pulse currents to 50,000 amps.

General Capacitor is your proven source for reliable pulse-power components. 
Our engineers offer you wide experience in the development, design, and pro
duction of low-inductance, high-current pulse capacitors, pulse-forming net
works, pulse transformers, ignitron switch and crowbar systems, and foil-wound 
charging chokes for custom applications.
Sophisticated components and sub-systems are designed, built, and tested to I 
your specifications. Send us your technical inquiries and requests for quotation.
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SYSTEM DEVELOPMENT
Communicom is now in expanded 
quarters in Palo Alto. Half of 
the plant is devoted to research 
and development and half 
to manufacturing.

Communicom specializes in the 
development of transmission 
systems, such as: data-multiplex, 
voice-multiplex, and related 
equipment for use on microwave or 
cable. Technical capabilities also 
include design of precision oscillators, 
discriminators, switching circuits, 
frequency multipliers, and the like.

SECTION MEMBERS! To stay on 

promptly to IEEE National Headquarters, Box A, Lenox Hill Station, 

New York 21, N.Y.

COMMUNICATION 
SPECIALISTS

4
5
5
6

8. 12. 13

. . 14

. 16, 17

. . 19

. . 20

. . 20

Address all correspondence, editorial and advertising material to:
IEEE OFFICE. SUITE 2210, 701 WELCH ROAD. PALO ALTO. CALIFORNIA

Mailing office of publication: 394 Pacific Ave., Fifth Floor. Second class postage paid at San Francisco, Calif.

Subscription: $4.00 (members); $6.00 (others): overseas, $7.00 per annum.

COMPONENT PRODUCTION
Communicom supplies a wide 
variety of filters and networks 
using toroidal coils and ferrite 
pot-core coils. If your filter is not in 
stock. Communicom will design and 
manufacture to your specifications.

Small precision transformers, pot 
coils, and toroidal coils are also 
produced to your requirements. 
Careful assembly, impregnation, 
sealing, and testing with equipment 
calibrated from NBS standards 
assures highest quality for military 
or industrial applications.

include 22 counties: Del Norte, Hum
boldt, Mendocino, Lake, Sonoma, 
Napa, Marin, Solano, Contra Costa, 
San Francisco, Alameda, San Mateo, 
Santa Clara, Santa Cruz, Monterey. 
San Benito, Mariposa, Merced, Ma
dera, Fresno, Kings, and Tulare. (Pho
to courtesy of Air-Photo Co., Palo 
Alto Airport.)

Only a portion of the area to be 
served by the San Francisco Section 
of IEEE is shown in this aerial photo
graph looking from a point above 
San Jose to the tip of the San Fran
cisco Peninsula, the Golden Gate, 
and Marin County. Oakland and Ber
keley are at upper right.

Proposed section boundaries will

through j u n e 3 0,

(IRE) (AIEE)
Peter Lacy, Wiltron Co. Victor E. Kaste, General Electric Co.

Membership Co-chairmen: Fred MacKenzie, Stanford Research Institute, DA 6-6200
William Warren, Shell Development Co., OL 3-2100

Publications Advisor: Peter Sherrill, West Associates

Executive Secretary: James D. Warnock, Section Office: Suite 2210, 701 Welch Rd.
Palo Alto, California, DA 1-1332

number 13

i e e e section chairmen



MEETING CALENDAR

Tuesday, March 58:00 P.M.

• Tuesday, March 12

PA- • Thursday, March 218:00 P.M.

• Tuesday, March 127:30 P.M.

DIVISIONS

1 706 El Camino Real, Menlo

• Wednesday, March 27

4 — grid

FRESNO SUBSECTION
"Astron Reactor Design"
Speaker: Dean O. Kippenhan, project engineer, electronics engineering dept.,

Lawrence Radiation Laboratory, Livermore
Place: P.O. & E. Bldg., 1401 Fulton St., Fresno

march 1 , 7 9 6 3

EAST BAY SUBSECTION
N. K. (GENE) LITTLE. LAWRENCE 
RADIATION LABORATORY

FRESNO SUBSECTION
J. M. SWALL. P.G.&E., FRESNO

SANTA- CLARA VALLEY SUBSECTION
ROBERT W. SUMNER. WESTING
HOUSE ELECTRIC CORP.

reporters

PROFESSIONAL TECHNICAL
GROUPS:
AUDIO: HERB RAGLE. AMPEX CORP.
AUTOMATIC CONTROL: A. S.

McALLISTER, SAN JOSE STATE
ANTENNAS AND PROPAGATION:

ROLF B. DYCE. STANFORD 
RESEARCH INSTITUTE

BROADCASTING: BEN WOLFE. KPIX- 
TV

BIO-MEDICAL ELECTRONICS: CON 
RADER. BECKMAN/SPINCO DIV.

COMMUNICATIONS SYSTEMS: 
MAURICE H. KEBBY. LENKURT

CIRCUIT THEORY: R. E. KIESSLING. 
ITT LABORATORIES

ELECTRON DEVICES: MAHLON 
FISHER. SYlVANIA. MICROWAVE

ELECTRONIC COMPUTERS: WILLIAM 
DAVIDOW. GENERAL ELECTRIC

ENGINEERING MANAGEMENT:
LEONARD M. JEFFERS. SYLVANIA

ENGINEERING WRITING AND 
SPEECH: DOUGLAS WM. DUPEN. 
ASSOCIATED TECHDATA INC.

INFORMATION THEORY: CHARLES 
H. DAWSON. PHILCO V/. D. L.

INSTRUMENTATION & MEASURE
MENT: JAMES HUSSEY. GENERAL 
RADIO CO.

MICROWAVE THEORY AND TECH
NIQUES: ROBERT J. PRICKETT, 
HEWLETT-PACKARD CO.

MILITARY ELECTRONICS:
VICTOR A. CONRAD, VARIAN 
ASSOCIATES

PRODUCT ENGINEERING AND PRO
DUCTION: W. DALE FULLER. 
LOCKHEED

RADIO FREQUENCY INTERFERENCE: 
JOHN W. WATTENBARGER. SIERRA 
ELECTRONICS CORPORATION

RELIABILITY AND QUALITY CON
TROL: V/. WAHRHAFTIG. PHILCO 

SPACE ELECTRONICS AND TELEM
ETRY: TOM LINDERS. LOCKHEED

HISTORIAN: EARL G. GODDARD, 
VARIAN ASSOCIATES

Antennas & Propagation 8=00 P-M.
Lecture No. 3: "Laser Techniques and Applications" 
Speaker: Professor Anthony Siegman, Stanford University 
Place: Physics Lecture Hall, Stanford University
Dinner reservations: Darlene Wheeler, DA 6-6200, Ext. 2695

Industrial 8:00 P.M. • Tuesday, March 5
"A New Approach to 100% Failure-Free Power Systems"
Speaker: Carl E. Gieb, Jr., special project engineer, Ideal Electric & Mfg. Co., 

Mansfield, Ohio
Place: Room 232, Pacific Gas & Electric Bldg., 245 Market St., San Francisco

PROFESSIONAL TECHNICAL GROUPS
Antennas & Propagation 8:00 P.M. • Wednesday, March 13
(Four-part Tutorial Lecture Series: "Laser Theory, Technique, and Application

—Joint with PTGED. PTGMTT, and PTGSET)
Lecture No. 2: "Gas Discharge and Semiconductor Lasers"
Speaker: Dr. Arnold Bloom, Spectra-Physics Inc., Mountain View
Place: Physics Lecture Hall, Stanford University
Meet-the-Speaker Dinner: 6:00 P.M., Red Cottage,

Park
Reservations: Darlene Wheeler, DA 6-6200, Ext. 2695

DIVISIONS:
COMMUNICATIONS: ALFRED R. 

DOLE. PAC. TEL. & TEL. CO.
INDUSTRIAL: J. ARTHUR WELLS. ART- 

WELL ELEC., INC.
INSTRUMENTATION & CONTROLS:

RONALD K. CHURCH. HEWLETT- 
PACKARD CO.

POWER: JAMES J. McCANN. 
CIFiC GAS & ELECTRIC CO.

SCIENCE & ELECTRONICS: JAMES J. 
HALLORAN. ELECTRO ENGINEER 
ING WORKS

SANTA CLARA VALLEY SUBSECTION
Field Trip
Place: Main Entrance, Jennings Radio Manufacturing Corp., subsidiary of I.T. & 

T., 970 McLaughlin Ave., San Jose (McLaughlin Avenue is southern extension 
of S. 24th Street, between Williams and Story roads, near Bayshore Freeway)

SAN FRANCISCO SECTION
(Joint meeting with PTGEC)
"Practical Applications for Adaptive Circuits and Systems"
Speaker: Professor Bernard Widrow, Stanford University
Place: Physics Lecture Hall, Room 101, Stanford University 
Dinner: 6:00 P.M., The Red Shack, 4085 El Camino Real, Palo Alto 
Reservations: May Sharp (Lockheed), DA 3-1831, Ext. 141, by March 4

production staff 
EDITORIAL ASSISTANT: DORIS GOULD 
ADVERTISING ASSISTANT: CAROLE 

POWELL

SAN FRANCISCO SECTION 6:00 P.M.
Nontechnical, social event along the lines of a stag party
Place: The Village, Columbus at Lombard, San Francisco
Tickets: $6.00 each (including dinner, group entertainment, dominoes, door 

prizes, and other forms of small group entertainment), from Douglas D. Dodds, 
EX 2-5353



MEETING CALENDAR

• Wednesday, April 248:15 P.M.

of the various
• Wednesday, May 29

grid — 5

Instrumentation & Measurement
Lecture No. 4: "Detection of Planetary Life" 
Speaker, place to be announced

Instrumentation & Measurement 8:15 P.M.
Lecture No. 5: "Instrumentation for Man in Space" 
Speaker, place to be announced

I

iI

Electronic Computers 
(Joint meeting with SFS

• Wednesday, April 10 

on Third International

, see above)

Engineering Management 8:00 P.M. • Wednesday, March 13
Speaker: Dr. Walter H. Schwidetsky, manager, space navigation and data sys

tems, General Dynamics/Astronautics
Place: Caravan Inn, 4375 El Camino Real, Mountain View
Happy Hour: 6.00 P.M.
Dinner: 7:00 P.M., smorgasbord, $3.50 inclusive

Antennas & Propagation 8:00 P.M.
Lecture No. 4: "Laser Developments Overseas—Report

Quantum-Electronic Conference, Paris, 1963"
Speaker: Dr. Malcolm Stitch, Hughes Aircraft Co., Culver City 
Place: Physics Leet ure Hall, Stanford University
Dinner reservations: Darlene Wheeler, DA 6-6200, Ext. 2695

Automatic Control
The Computer Control Problem"

Speaker: Dr. Jack Bertram, manager, controls systems research, IBM
Place: Electrical Engineering 126, Stanford University
Dinner: 6:15 P.M., Old Plantation (formerly Sabella's), El Camino

Chase, Sunnyvale
Reservations: Mrs. Pauline Eckman, DA 1-3300, Ext. 268, by noon, 

March 1 3

Microwave Theory & Techniques 8:00 P.M. • Wednesday, Mar. 13, 27
(Tutorial Lecture Series: Joint with PTGAP, PTGED, and PTGSET, see above)

Space Electronics & Telemetry 8:00 P.M. • Wednesday, Mar. 13. 27
(Tutorial Lecture Series: Joint with PTGAP, PTGED, PTGMTT, see above)

march 1, 1963

consolidation notes
COUNTERPARTS OF IEEE

With this issue the Grid now 
reaches a merged readership of 
nearly 10,000 throughout the Bay 
Area and beyond, including nearly

Electron Devices 8:00 P.M. • Wednesday, Mar. 13, 27
(Tutorial Lecture Series: Joint with PTGAP, PTGMTT, and PTGSET, see above)

Robert E. Grady, with Dean Robert 
Parden of Santa Clara University act
ing as honorary chairman, have made 
great progress in considerations of 
finance, publications, program, mem
bership and related activities, pub
licity and public relations, and histor
ical committees, all of these areas 
being virtually agreed upon.

Still to be resolved are awards 
procedure and organization for the 
new IEEE section; the formation of a 
nominating committee and its devel
opment of a slate of officers to be 
elected by the membership for the 
fiscal/program year 1963-64; the 
writing and adoption of new bylaws; 
and the question of how many sub
sections there will be in the section.

Further progress is expected at the 
March 5 meeting of the joint merger 
committee.

Five active AIEE/IEEE divisions 
have been added to the roster of 
Grid reporters, and their meetings 
will be publicized in the meeting 
calendar and elsewhere in the pub
lication in the same manner of han
dling professional group (now known 
as professional technical group) meet
ings in the past.

Details on some 
AIEE/IEEE chairmen and their activi
ties follow.

Victor E. Kaste is chairman of the 
section. His firm is the General Elec
tric Co. and his headquarters are at 
235 Montgomery St., San Francisco.

W. H. Peterson is vice chairman, 
responsible for the scheduling of gen-

( Continued on page 10)

Instrumentation & Measurement 8:15 P.M. • Wednesday, March 27
Lecture No. 3: "The Instrumentation and Performance of the Mariner II Ex

periments"
Speaker: Ivan Walenta, Mariner II science project engineer, JPL, California In

stitute of Technology, Pasadena
Place: Lockheed Auditorium, Bldg. 202, 3251 Hanover St., Palo Alto
Dinner: 6:15 P.M., L'Omelette Restaurant, 41 70 El Camino Real, Palo Alto
Reservations: Mrs. Marje Andrews, DA 1-3300, Ext. 273

8:15 P.M. • Thursday, March 14
2000 members of the San Francisco 
Section of AIEE/IEEE, subscribers, 
and others.

Real & Cherry Merger details, under the co
chairmanship of Stanley F. Kaisel and 

Wednesday, j f
Parden of Santa Clara University act
ino ac knnnrArv rnAirman navP manA

8:00 P.M. • Tuesday, March 5
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communication notes

TELEPHONE REVIEW
To reach the Section Office, dial 

321-1332 or 321-1333. To reach the 
WESCON Business Office, dial 321- 
1334or 321-1335.

\ ■

John E. Bertram 

meeting ahead 
CONTROLLING COMPUTERS

The computer control problem will 
be the subject of J. E. Bertram, man
ager, controls systems research, IBM, 
San Jose, at the March 14 meeting of 
PTGAC, Electrical Engineering 126, 
Stanford University.

The speaker will explore the con
trol and data-processing problems in
volved in applying a digital computer 
to the control of a typical industrial 
process.

A graduate of Washington Univer
sity, St. Louis (BSEE) and Columbia 
University (MS, Engineering Sc.D.), 
Dr. Bertram was a member of the ap
plied physics group of the engineer
ing research laboratory of DuPont, 
and an instructor, associate, and as
sistant professor at Columbia, having 
been appointed a research staff mem
ber in 1958 at IBM, where he has 
worked on problems related to the 
use of digital computers in control 
applications. Since April 1961 he has 
been manager of control systems re
search.

meeting ahead

INDUSTRIAL DIVISION OF IEEE
A new approach to 100 percent 

failure-free power systems will be the 
subject of Carl E. Gieb, Jr., special 
project engineer, Ideal Electric & 
Mfg. Co., Mansfield, Ohio, before 
the Industrial Division of IEEE on 
Tuesday, March 5.

The 8 p.m. meeting will be held in 
Room 232 of the P.G. & E. Building, 
245 Market St., San Francisco.

The requirement of failure-free 
power systems has become increas
ingly stringent for critical applica
tions such as instrumentation, control, 
and computer power supplies. Mr. 
Gieb will review the various systems 
available today and describe in de
tail a new development which features 
emergency power supply up to 2000

eting ahead

JENNINGS FIELD TRIP

The Santa Clara Valley Subsection 
of IEEE will sponsor a field trip to 
Jennings Radio Manufacturing Corp., 
970 McLaughlin Avenue, San Jose, at 
7:30 p.m. on Tuesday, March 12.

The high-power vacuum electronic 
components test laboratories at Jen
nings will hold an open house, with 
demonstrations of high-voltage and 
high-power DC, AC, and radio fre
quencies, along with vibration, shock, 
and other environmental factors. The 
Jennings high-voltage vacuum-pow
ered switch laboratory has available 
up to 200,000 amperes at lower volt
age levels, and up to 200,000 volts of 
60-cycle power. It also has up to 
500,000 volts peak of 60 cycles for 
high-potential testing, and one million 
volts for 1 1^x40 microsecond wave 
impulse testing.

The high-power radio-frequency 
laboratory has DC and radio-fre
quency transmitter capabilities up to 
400 kilowatts CW, and a frequency 
range of 300 kilocycles at over 120,- 
000 volts, up to 600 megacycles. This 
equipment is used for testing the 
Jennings radio-frequency vacuum 
switches, vacuum relays, and vacuum 
capacitors. It also provides up to 
70,000 volts. DC for testing vacuum 
switches used to interrupt higher 
voltage DC. The environmental test 
lab provides all the requirements of 
high-power vibration, shock, and 
other environmental tests required for 
reliable military applications. This 
laboratory also provides precision 
measurement and calibration for the 
Jennings vacuum-tube voltmeter 
which measures up to 200 KV peak 
of 60 cycles. RF and pulse. Special 
effect of high-power vibration will 
also be shown.

Robert W. Sumner, Westinghouse 
Electric Corp., Sunnyvale, is chair
man of the subsection; Marvin W. 
Sheets, General Electric Co., San 
Jose, is secretary-treasurer.

Arnold Bloom 

meeting ahead

SECOND IN LASER SERIES

The second lecture in the Laser 
Tutorial Series is to be given Wednes
day, March 13, by Dr. Arnold Bloom, 
on the subject, ’ Gas Discharge and 
Semiconductor Lasers,” at the Stan
ford physics lecture hall.

Dr. Bloom performed his doctoral 
studies in high-energy nuclear physics 
under Chamberlain and Segre at the 
University of California. He has since 
concentrated on theoretical investiga
tions of resonance physics and optical 
pumping, accompanied by concur
rent experimental work. Beginning at 
Varian in the theoretical study of nu
clear magnetic resonance, he made 
significant contributions in this field, 
in 1955 publishing a basic paper on 
double resonance phenomena. Since 
then he has published over a dozen 
papers in the field of optical pump
ing. During 1958, he studied this sub
ject at the University of Paris with 
Professor A. Kastler, one of the 
original discoverers of the optical 
pumping phenomena. Dr. Bloom has 
given invited papers at several signif
icant conferences and has authored 
more than 20 technical papers. He is 
therefore eminently qualified to dis
cuss those lasers that employ gas dis
charge excitation.

meeting ahead

FRESNO SUBSECTION

Astron reactor design will be the 
subject of Dean O. Kippenham, proj
ect engineer, electronics engineering 
department. Lawrence Radiation Lab
oratory, Livermore, at the March 
meeting of the Fresno Subsection of 
IEEE. The 8:00 p.m. meeting will be 
held on March 21 in the P.G. & E. 
Building, 1401 Fulton Street, Fresno.

Roy V. Hall is chairman of the sub
section; J. M. Swall, P.G. & E., Fresno, 
is secretary-treasurer.

KW with no drop in frequency, no 
drop in voltage, and no shock to the 
stand-by prime mover.
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Creating a new world with electronics

HUGHES
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I'M AM ENGINEER 
AND I QUGHT 

to KNOW 
WHAT AM 
ENGINEER 
WANTS!

ND MORE ELECTRONIC
egg-timers! I'LL
BE CONTRIBUTING!
I'LL BE DOING
SOMETHING SIGNIFICANT!
SOMETHING INTER-PLANETARY!

for unmanned satellites or high speed strike re
connaissance systems: IR systems requirements 
for ballistic missile defense.

I WANT FULFILLMENT
I WANT TO WORK ON 

the surveyor.
AT HUGHES!

AND HE SAYS
WHY? YOU'RE 
getting as much

AS SIEFRIED 
AND LUOAS!

BESIDES-
HUGHES

IS CLOSER
TO THE 

BEACH.

€0 HERSHEIMER 
COMES IN AND

I TELL HIM 
I'M QUITTING!

L---------------------------------------------- J
HUGHES AIRCRAFT COMPANY

AEROSPACE DIVISIONS

An equal opportunity employer.

missiles and space vehicles, satellites, radar 
tracking, control circuitry, control systems, 
control techniques, transistorized equalization 
networks and control servomechanisms.
CIRCUIT DESIGNERS. Involves analysis and 
synthesis of systems for: telemetering and com
mand circuits for space vehicles, high efficiency flight; automatic target recognition requirements 
power supplies for airborne and space electronic 
systems, space command, space television, guid
ance and control systems, and many others.

£0 I SAID: MONEY! 
WHAT'S MONEY? YOU 
businessmen JUST 
DON'T UNDERSTAND 

THE MIND 
OF AN 
ENGINEER!

JUST THINK!
SOMEDAY THERE'LL

BE A LITTLE
PIECE OF ME
ON THE

MOON!

Please airmail 
your resume to:

Mr. Robert A. Martin
Head of Employment 
Hughes Aerospace Divisions 
11940 W. Jefferson Blvd. 
Culver City 12, California

&

Hughes is hiring! Numerous opportunities now exist in a variety of 
advanced projects and studies. Examples include: The MMRBM —Mobile Mid-Range 
Ballistic Missile (Integration, Assembly & Checkout), TFX(N) Electronics, SURVEYOR 
-soft-landing lunar spacecraft, SYNCOM —synchronous-orbit communications satel
lite, VATE — automatic test equipment, BAMBI — anti-missile defense, and others. 
Positions are open at all levels for specialists with degrees from accredited universities.

CONTROLS ENGINEERS. Concerns airborne INFRARED SPECIALISTS. To perform sys- 
computers and other controls related areas for: terns analysis and preliminary design in infrared 

activities for satellite detection and identification, 
air-to-air missiles AICBM, infrared range meas
urement, air-to-air detection search sets, optical 
systems, detection cryogenics and others. 
SYSTEMS ANALYSTS. To consider such 
basic problemsas: requirementsof manned space
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a, single 
source for 

measvii’ement 
&> recording 
instruments

CALL CECIL BRITT, JACK PENWELL OR GORDON 
SHOCKEY FOR SERVICE AT DA 6-9800

AC MEASUREMENT ']
DEVICES, ■-
INSTRUMENT SERVOS
Phase angle voltmeters, ratio boxes, 
AC/DC converters, instrument servos.
NORTH ATLANTIC INDUSTRIES, INC.

Our engineers are experts in measure
ment and recording instruments. Call us 
when you need engineering and product 
assistance.

ANALOG 
COMPUTING 

INSTRUMENTS, 
OPERATIONAL AMPLIFIERS

Operational amplifier manifolds, linear 
operators, non-linear operators, regu
lated power supplies, calibrated displays, 
analog computers, operational amplifiers.

PHILBRICK RESEARCHES, INC.

_________ DIGITAL
• • • • • a« VOLTMETERS

Digital voltmeters, AC line regulator
conditioners.

BECKMAN/STEVENS-EVANS

♦ •

TEMPERATURE TRANSDUCERS
Resistance thermometers, miniature re
sistance probes, cryogenic probes, con
version bridges, temperature indicating 
meters and measuring systems.

RdF CORPORATION

meet i ng re v i e w

IONOSPHERIC SOUNDINGS

David S. Pratt, project engineer at 
Granger Associates, presented a very 
interesting program of slides and mo
tion picture material concerned with 
synchronized oblique ionospheric 
soundings, January 15, to a combined 
meeting of IRE/PGCS/AIEE (Com
munications Division).

Mr. Pratt described older methods, 
such as vertical sounding and back
scatter, and discussed their advan
tages and limitations when applied 
to the 4-to-32-megacycle communica
tions band. The propagation charac
teristics of this portion of the spec
trum were considered in some detail 
with the aid of slides depicting single 
and multi-hop paths between two 
fixed points and the effects of the 
ionosphere on these paths. These 
changing characteristics illustrated 
very well the desirability of changing 
frequency on a given circuit every 
few hours if the optimum performance 
is to be realized.

A description of the synchronized 
oblique sounding technique and its 
associated equipment pointed out the 
advantages of this type of sounding. 
By transmitting a very-short-duration 
pulse over an actual or typical commu
nications path, the characteristic of 
the received pulse (or lack of a re
ceived pulse) may be analyzed to de
termine the usability of the path at 
a given frequency at a given time. 
In the synchronized oblique sounding 
system, a transmitter and receiver are 
stepped in discrete frequency incre
ments throughout the spectrum of 4 
to 32 megacycles.

A pulse of transmitted energy only 
a few microseconds in duration is 
transmitted, and its reception or ab-

TECH- SER, INC. 
ELECTRON ICS 
ENGINEERING 
REPRESENTATIVES 
6061 W. 3rd St., Los Angeles 36, Calif. WE 7-0780 
800 San Antonio Rd., Palo Alto, Calif. DA 6-9800 
P.O. Box 6544, San Diego, Calif. AC 2-1121

sence at the receiving location is 
recorded on a suitable storage dis
play tube. As the transmitter and re
ceiver step through the frequency 
spectrum, a pattern is obtained which 
will show the lowest usable frequency, 
the multi-hop characteristics, and the 
maximum usable frequency at the par
ticular time of sounding.

If soundings are taken at regular 
intervals throughout the day, actual 
predictions of changes of the maxi
mum usable frequency may be made 
prior to the change. The ability to 
predict these changes has resulted in 
an increase of the circuit usability 
from 92 percent to 99 percent over 
a test path between Hawaii and San 
Francisco.

The synchronized oblique sounding 
technique will permit the communica
tions circuit operator to observe when 
the lowest usable frequency is higher 
than the maximum usable frequency 
and, as a result, a circuit rendered 
inoperative. This condition may easily 
be observed on present-day sounding 
equipment.

Mr. Pratt pointed out the impor
tance of known antenna characteris
tics for both the sounding and the 
communications circuits. Since the 
angle of radiation has bearing on 
the maximum usable frequency, the 
communication antenna and the 
sounding antenna, if not one and the 
same, must have identical characteris
tics or be capable of being equated.

In the question-and-answer session 
that followed Mr. Pratt's presenta
tion, it was brought out that inter
ference to other services by syn
chronized oblique sounding was nil 
owing to the extremely short pulse 
duration and slow repetition rate 
used.

Mr. Pratt joined Granger Asso
ciates in 1962. He is participating in 
design and development of iono
sphere sounders and communications 
systems. From 1957 to 1962 he was 
a research associate with the elec
tronics laboratory of Stanford Univer
sity. His duties there included design 
and development of instrumentation 
for research in ionospheric physics 
and radio propagation. He is a mem
ber of the IRE and the American 
Geophysical Union. He is the author 
or co-author of numerous technical 
papers and reports.

MAURICE H. KEBBY

march 1 . 19 65
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de—1 Me. $1052A60 $1752B67

I $130de—300 kc.

$4753B1
$250

$550

$5253B3
3A75 $175de—4 Me.*

$410

- $550
$1100

grid — 9

NEW TEKTRONIX
SPLIT SCREEN

OSMBOSCOPE

Wide operating versatility available through 2-series and 3-series plug-ins

TY*t 28S7 
TIME BASE —

type 561f,

*
EASY ERASE

AMPLIFIER AND TIME
BASE PLUG-IN UNITS

X-
REPETITIVE-TRACE 

INTEGRATER

*
TRACE-POSITION 

LOCATER

*
RECTANGULAR, 
CERAMIC CRT

2A63—Differential 
(50:1 rejection ratio)

3A72—Dual Trace 
(Identical Channels)

3A74—Four Trace 
(Identical Channels)

AMPLIFIER UNITS 
TYPE

3S76— Dual Trace
Sampling
(for use with 3T77)

de—650 kc. 
(each channel).

de—2 Me 
(each channel).

de—10 Me. 
(each channel).

50 mv/cm—50 v/cm 
4 decade steps 

with variable control.

10 mv/cm—10 v/cm 
1-2-5 sequence 

with variable control.

20 mv/cm—10 v/cm, 
1-2-5 sequence, 

with variable control.

2 mv/cm—200 mv/cm, 
1-2-5 sequence, 

with variable control.

TIME-BASE 
UNITS 
TYPE

Internal or External; 
AC or DC Coupling;

Automatic; ± Slope 
Same features for 

Normal and Delayed 
Sweep Modes, 

except automatic.

Internal or External, 
i Slope.

$175
$175'A

FULL-SCREEN STORAGE 
OR NON-STORAGE

LOWER-HALF STORAGE 
OR NON-STORAGE

UPPER-HALF STORAGE 
OR NON-STORAGE

3A1—Dual-Trace 
(Identical Channels)

equivalent 
dc-to-875 Me.

(0.4-nsec
risetime)

PASSBAND 
(3-db down)

1 mv/cm—20 v/cm 
1-2-5 sequence, 

with variable control.

10 mv/cm—20 v/cm, 
1-2-5 sequence, 

with variable control.

50 mv/cm—20 v/cm, 
1-2-5 sequence, 

with variable control.

Normal and Delayed 
Sweeps—0.5 /xsec/cm to 
1 sec/cm, 1-2-5 sequence 

18 calibrated delay 
settings, 0.5 jisec to 

10 sec, variable 
between rates 
uncalibrated.

1 n sec /cm to 5 sec/cm, 
1-2-5 sequence, 

variable between rates.
5X Magnifier. 
Single Sweep.

Normal and Delayed 
Sweeps—0.5 psec/cm 

to 1 sec/cm, 
1-2-5 sequence. 

Continuously variable 
calibrated delay from 

0.5 /xsec to 10 sec. 
Single Sweep 

for main sweep.

Equivalent to 
0.2 nsec/cm to 10 

psec/cm, 1-2-5 
sequence, variable 

between rates. 
10X Magnifier.

Internal or External;
Line; AC or De

coupling; Automatic; 
± Slope; for Normal 
Sweep Mode; Same 

features (except no Line 
or Automatic) for 

Delayed-Sweep Mode.

; Automatic 
m; ± Slope.

*
ONLY 2 CONTROLS

3T77 
Sampling 

Sweep 
(for use with 

3S76)

I
I

Internal. External. Line;
Amplitude-Level 

Selection; AC or De
coupling;
or Free-Rui

U.S. Sales Prices, f.o.b. Beaverton, Oregon

Call your Tektronix Field Engineer for more information or to 
arrange a demonstration.
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Tektronix, Inc. san franc/sco field offices
3944 FABIAN WAY • PALO ALTO. CALIF. • DAvenport 6-8500

3530 GOLDEN GATE WAY • LAFAYETTE. CALIF. • YEllowstone 5-6101 
From Oakland. Berkeley. Richmond. Albany and San Leandro: CLifford 4-5353

For storage and non-storage displays-The Type 
564 has display capabilities for upper-half, lower- 
half, or full-screen storage or non-storage (with 
conventional ert operation in the non-storage 
mode).
The storage capability lends itself to single-shot 
displays at slow or medium speeds and displays 
of repetitive waveforms at faster speeds using the 
integration technique. Single-trace writing speed 
is faster than 25 centimeters per millisecond. On 
repetitive traces, the integrate feature provides 
an increase in stored writing rate. For example, it 
is possible to increase the stored writing rate by 
10 times on 12 repetitive traces.

Storage time can be more than one hour; erase 
time approximately 250 milliseconds.
The Type 564 has display capabilities for differen
tial, multi-trace, wide-band, delaying sweep, and 
sampling applications.
Type and degree of performance depend upon 
2-Series and 3-Series Amplifier and Time-Base 
Plug-In Units used.
Type 564 Storage Oscilloscope (without plug-ln units) . . . . $950 
Plug-In Units pictured (in full-screen-storage display);
Type 3A75 50 mv/cm Amplifier Unit................................
Type 2B67 Time Base Unit with single-sweep facility

TV Pt 3A73 
AMPuricn

©

J— 3 
■kmr • ..... .

I /j

for storage 
and 

non-storage 
displays



MAX. G rad y

4-

MIN.

1 0 — g r / d

Your Tung-Sol Representative:

ED DAVENPORT
Menlo Park, California
DA 2-4671

Your stocking distributors:
OAKLAND
ELMAR ELECTRONICS
140 11th Sr.
TE 4-3311
SAN FRANCISCO
PACIFIC WHOLESALE
1850 Mission St.
UN 1-3743
SAN JOSE
SCHAD ELECTRONICS
499 South Market St.
CY 7-5858

/

Peterson

MORE AIEE/IEEE 
eral and technical programs. He is 
division electric superintendent of the 
East Bay division, P.O. & E.

Gerard K. Lewis is secretary-treas
urer of the section. His firm is the 
Allis-Chalmers Mfg. Co. with head
quarters at 142 Sansome St., San 
Francisco.

Robert E. Grady is junior past 
chairman of the section and chairman 
of the joint merger committee. He is 
a consulting engineer.

|
Saves Display Space 

Tung-Sol 6977 
Subminiature 

Indicator Triode

©TUNG-SOL"
ELECTRON TUBES • SEMICONDUCTORS

This filamentary, high vacuum tube 
has a fluorescent anode and will re
place neon lamps in computer cir
cuits. Its high impedance and small 
signal requirements make it ideal for 
transistorized circuits.

Why don’t you get the benefit of 
Tung-Sol component knowledge 
and experience too? Tung-Sol com
ponents—whether transistors, tubes 
or silicon rectifiers—fill virtually 
every military, commercial and en
tertainment reauirement with unex
celled dependability. For quick and 
efficient technical assistance in the 
application of all Tung-Sol compo
nents, contact:

Dois Howland

Charles G. Dois is chairman of the 
technical papers committee which 
conducts the section prize paper con
test. He is an electronics engineer at 
the University of California's Law
rence Radiation Laboratory.

Robert Howland is vice chairman 
of the program committee of the 
Communications Division. He is also 
treasurer of PTGEWS. As senior en
gineer with P.T. & T. he is responsible 
for many of the private line service 
designs for the military services.

t 2
McCann Wells

James J. McCann is chairman of 
the technical program committee of 
the Power Division. He is supervising 
electrical engineer, department of 
engineering services, P.G. & E.

J. A. Wells is chairman of the In
dustrial Division technical programs. 
He founded Artwel Electric, manu
facturing representative firm, in 1957.

Frank Thatcher is chairman of the 
publicity committee and responsible 
for coordinating material for the 
Grid. He is a transmission engineer 
with P.T. & T.

Ronald K. Church is program chair
man of the Instrumentation and Con
trols Division. He is a member of the 
product development and production 
engineering operations at Hewlett- 
Packard, Palo Alto.

Einar Nilsson is chairman of the 
fellowship committee, responsible for 
welcoming new members at the sec-

(Continued on page 12)

Church Nilsson

Titles Garland

Dr. A. Tilles is a past chairman of 
the section and is currently chairman 
of the transfers committee, respon
sible for encouraging the upgrading 
of members and selecting members 
for the grade of Fellow. He has taught 
at the University of California and 
the Israeli Institute of Technology in 
Haifa. He is presently in the electron
ics engineering department at the 
University of California Lawrence 
Radiation Laboratory at Livermore.

W. D. Garland is a member at 
large of the executive committee and 
chairman of the subsection commit
tee. He is a staff transmission engi
neer with P.T. & T.

Roy V. Hall is chairman of the 
Fresno subsection and has placed 
emphasis in programming on reach
ing high school science classes and 
college students. He served with 
P.G. & E. from 1926 until March 1, 
1956, retiring at that time.

Hall Thatcher

DC.

/Ai
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TH ERMOSTATS
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STENICO THERMOSTATS 
For Electronic, Avionic, Aerospace Applications 

(Typical units shown; many other types available)

STEMCO

3, 4, TYPE M *f semi-enclosed (3), hermet
ically sealed (4). Snap acting bimetal disc 
types for electronic applications from —50° 
to 300’F. Rating: 3 to 10 amps at 115 VAC and 
28 VAC/DC. Semi-enclosed with virtually 
any type terminal; hermetically sealed with 
pin or solder terminals, wire leads, various 
mounting brackets. Bulletin 6000.

5, 6, TYPE MXf semi-enclosed (5), hermet
ically sealed (6). Snap acting miniature 
units to open on temperature rise for 
missile, avionic, electronic and similar 
uses. 2° to 6°F differentials available. 
Rated at 3 amps to 1 amp, depending on 
duty cycle, at 115 VAC and 28 VAC/DC. 
Semi-enclosed types with metal or ceramic 
bases, hermetically sealed in circular or 
CR7 cans. Various terminals, mountings, 
brackets, etc. Bulletin 6100.

1, 2, TYPE Ct semi-enclosed (1), hermet
ically sealed (2). Small, positive acting with 
electrically independent bimetal strip for 
operation from -10° to 300°F. Rated at 
approximately 3 amps, depending on 
application. Hermetically sealed type can 
be furnished as double thermostat “alarm" 
type. Various terminals and mountings. 
Bulletin 5000.

STEVENS manufacturing company, inc.

P. O. Box 1007 • Mansfield, Ohio

7, 8, TYPE S ♦! adjustable (7), non-adjust- 
able (8). Positive acting with single stud or 
nozzle mounting. Operation to 600°F. 
Rated at 15 amps at 115 VAC, 7 amps at 230 
VAC. Spade, screw or formed terminals,

various adjusting stems, etc. Bulletin 1000.
9, TYPE SA *t adjustable, or non-adjust- 
able. Snap acting with electrically indepen
dent bimetal. Also single-pole, double
throw. Single stud or nozzle mounting. 
Rated at 1650 watts at 115-230 VAC only. 
Spade or screw terminals. Bulletin 2000.
10, TYPE SM’f manual reset. Electrically 
same as Type SA except for manual reset 
feature. Bulletin 2000.
11, 12, TYPE A*f semi-enclosed (11), 
hermetically sealed (12). Insulated, elec
trically independent bimetal disc gives 
fast response and quick, snap action 
control for electronic and apparatus 
applications from -50° to 300°F. Lower or 
higher on special order. Rating: 4 to 15 
amps, depending on duty cycle, at 115 
VAC and 28 VAC/DC. Various enclosures 
and mountings, including brackets. Bul
letin 3000.
13, POTTED TYPES A - & G ♦. For refrigera
tion, air conditioning, or applications 
requiring a sealed thermostat, the Types 
A and G are available with lead wires and 
epoxy sealed. Type G is shown. Various 
mounting brackets. Bulletin 3000 for Type 
A, Bulletin 3500 for Type G.
14, TYPE R*t sealed adjustable, sealed 
non-adjustable. Positive acting for opera
tion to 600°F. Rated at 15 amps at 115 VAC, 
4 amps at 230 VAC. Screw terminals. 
Bulletin 7000.

15, TYPE W’t adjustable, or non-adjust- 
able. Snap action bimetal strip type for 
operation to 300°F. Depending on duty, 
rated: 5 to 10 amps, 115 or 230 VAC. Screw 
or nozzle mountings; spade or screw 
terminals. Bulletin 4000.
16, TYPE G* exposed, or enclosed bi
metal disc types, or epoxy sealed for 
moisture and dust resistance. Snap action 
for positive and instantaneous opening or 
closing of electronic and avionic circuits 
to 300°F. Various mountings and terminals. 
Bulletin 3500.

Illustrations, for general information 
only, do not necessarily show size compar
isons. Fully dimensioned and certified 
prints on request. Manufacturer reserves 
right to alter specifications without notice.

•Refer to Guide 400 EO for UL or CSA 
approved ratings.
tThese thermostats covered by patents 
issued or applied for. a-»?v.>a
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STATE-OF-THE-ART 
LOG IF AMPLIFIERS 
ON THE SHELF AT RHG

SPECIAL MODELS DESIGNED AND DELIVERED 
WITH MINIMUM DELAY. COMPLETE 

LOGARITHMIC RECEIVERS ALSO AVAILABLE.

50 ohms.
90 ohms

— 1 db over 60

RHG ELECTRONICS LABORATORY, INC.
94 Milbar Blvd., Farmingdale, L.I., N.Y.

Engineering-Sales Representative:
WALTER ASSOCIATES

P.O. Box 790, Menlo Park, Calif.
(415) DA 3-4606

Model 
L0502 
L1003 
L1505 
L2005 
L3002 
L3010 
L6002 
L6010 
L6020 
L7002 
L12020

Center 
Freq.
5 me

10 me
15 me
20 me
30 me
30 me
60 me
60 me
60 me 
70 me 

120 me

Dynamic 
Range 
80 db 
80 db 
80 db 
80 db 
90 db 
80 db 
90 db 
80 db 
80 db 
90 db 
80 db

STANDARD LOGARITHMIC IF AMPLIFIERS 
SPECIFICATIONS 

Band- 
width

2 me
3 me 
5 me 
5 me 
2 me

10 me 
2 me 

10 me 
20 me 

2 me 
20 me

UNRETOUCHED PHOTO OF OUTPUT PULSE, 
MODEL L2005 

(Horizontal scale: 5 #sec/cm)

? -Bi

Morris Kai sei

E. W. Morris is chairman of the 
technical conference committee, re
sponsible for recommending confer
ences of interest to the membership. 
He is a Fellow, a past national direc
tor, a past secretary of District 8, and 
was chairman of the Los Angeles Sec
tion in 1946-47. He is Pacific zone 
engineer, electric utility department. 
Westinghouse Electric Corp.

Risetime 
Capability 
0.5 zxsec 
0.3 Msec 
0.2 Msec 
0.2 Msec 
0.5 Msec 
0.1 Msec 
0.5 /zsec 
0.1 Msec 
0.05 Msec 
0.5 Msec 
0.05 Msec

Choose from RHG’s shelves the 
logarithmic IF amplifiers you 
need. A complete line is now 
available to reduce your hard
ware costs, save valuable design 
time, and provide versatile sys
tem compatibility. All standard 
models feature:

Wide Dynamic Ranges, To 90 db 
True Logarithmic Compression 

Excellent Pulse Fidelity

Chairman of the IRE/IEEE joint 
merger committee is Dr. Stanley F. 
Kaisel, president of Microwave Elec
tronics Corp. Serving on his commit
tee are Albert J. Morris, president 
of Radiation at Stanford; Dr. Peter 
Lacy, section chairman and president 
of Wiltron Co.; Peter Sherrill, West 
Associates; and James D. Warnock, 
section executive secretary.

x = f(x,u(t),t); 0 < t < T 
where x is the n-dimensional state 
vector and u is the r-dimensional in
put vector, we are asked to find that 
input u(t) that minimizes

0 M = p(x(T)) 
where p(x) is a convex function of x. 
We furthermore constrain both the 
state and input vectors to lie inside 
the region

f q-(t) < u(t) < q*(t)
I P“(+) < x(t) < p'(t).

Dr. Rosen first rephrased the prob
lem in terms that made it amenable 
to attack by programming methods. 
When attention is limited to the case

meeting revie w
SOLVING CONTROL PROBLEMS

An interesting approach to the solu
tion of optimal control problems was 
presented at the January 31 meeting 
of the PGAC. Dr. J. B. Rosen, visit
ing professor of computer science at 
Stanford University, developed a con
vex programming solution employing 
a somewhat more general cost func
tion than is usually considered.

Given the vector differential equa
tion

GENERAL NOTES:
1. Standard input impedance - _
2. Standard output impedance - 

(cathode follower).
3. Logarithmic accuracy- 

db range (minimum).
4. Lin and log outputs available - sepa

rately or simultaneously.
5. All units employ militarized construction 

and components.
6. Duty factors up to 100% (cw) can be 

handled.

Dodds

tion meetings. He is supervising elec
trical engineer at P.G. & E., his duties 
including engineering and design of 
the electrical part of thermal electric 
power plants and metropolitan sub
stations.

A. R. Dole is chairman of the Com
munications Division, technical pro
gram committee. He is a senior en
gineer with P.T. & T. in the chief 
engineer's department, protection 
group.

Douglas D. Dodds is chairman of 
the attendance committee, respon
sible for encouraging attendance, ar
ranging transportation, arranging din
ner meetings, and handling tickets at 
special events. He is district engineer 
for Westinghouse Electric Corp, and 
concerned with apparatus applica
tions for industrials.

where the equations for x are linear 
but p is allowed to be nonlinear, ex
plicit solutions can be found for x as 
a function of u. In this continuous 
case, however, the solution for the 
minimum becomes an infinite-dimen
sional programming problem.

In order to reduce the dimension
ality, a finite-dimensional approxima
tion is made. The interval 0 < t < T 
is broken into m equal lengths At. 
Using this approximation and taking 
advantage of an efficient convex pro
gramming method, rapid solutions can 
be obtained on present-day comput
ers such as the IBM 7090.

Slides were presented which showed 
the results of solutions of problems 
with n = 4 and n = 8 using m = 25 
and m = 50. One point that evoked 
considerable interest was the fact 
that the solutions are not "bang
bang"; that is. they do not necessarily 
lie on the control or state vector con
straints for all t, because of the type 
of cost function used.

Dr. Rosen remarked that the pro
gram had been run some 25 times 

(Continued on page 13)
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941 E. Marylind 
Claremont, Calif.

BOSTON • LOS ANGELES 
NEW YORK • TORONTO 

WASHINGTON, D. C.
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NEW TELESCOPING MAST
This portable, all aluminum mast can be 
transported by truck and easily set up in the 
field. Telescoping sections are lifted and 
automatically locked into positions one at 
a time by air pressure, through the use of a 
patented sequential valve system. Avail- z 

able in 28, 50 and 100-foot standard 
sizes, or any size up to 150 feet. For mili
tary or commercial use. Write for Cata
log P or call your Andrew sales engineer 

for complete information. /
i l
,i /

■

on problems of various sizes using the 
"gradient projection" method for 
convex programming. Solution times 
were of the order of two or three 
minutes even for problems of large 
dimension.

e t i n g revie w
ZERO-SUM GAMES

On January 24, 1963, at the Philco 
Auditorium, Dr. William L. Root of 
the University of Michigan addressed 
a PGIT audience of forty on "Com
munication Through Unspecified Ad
ditive Noise."

In the face of heavy and completely 
unstructured interference, as con
trasted with additive noise of known 
statistics or the multiplicative noise of 
multipath, the theory of two-person 
zero-sum games is pertinent. One 
player is the communicators; the sec
ond player is nature or a jammer, 
whichever is producing the interfer
ence. If the interference is bounded 
at a level A and the minimum signal 
level is 1, then A is the maximum 
noise-to-signal ratio and is assumed 
to be greater than one.

The payoff for the game is simply 
the probability of making a correct 
decision. Since coin tossing at the re
ceiver gives a probability of correct 
decision of one-half, the communica
tion system must give a payoff larger 
than one-half to be useful. For sim
plicity, the theory is derived for a 
binary system using an off-on signal 
with energy detection and with equal 
a priori probabilities for the two sig
nals. The interference actually present 
is B in the range 0 < B < A. Hence B 
is the strategy parameter for nature.

Let the communicator use a deci
sion rule dc(x), with c as his strategy 
parameter. With dc equal to 1 when 
the decision is mark (signal) and dc 
equal to zero when the decision is 
space (no signal), the payoff is

P(c.B) = l/2 [dc(1 + B) + 1 - dc(B)]
If nature uses the mixed strategy of 

distributing B uniformly from 0 to A, 
the expected value of the payoff is 
E[P(c.B)] = (l/A)p/2[1 + dc(1 +B)

— dc(B)]dB 
which reduces to

E[P(c,B)] = I/2 + (1/2A) 
where dc(x) has been taken as 1 for 
A < x < 1 + A and equal to 0 for 
0 < x < 1.

(Continued on page 18)
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DELAY LINES
Audio to Microwave 

0.01 us to 200 ms 
Variable Tapped Fixed

974 Commercial Street, Palo Alto, Calif. 
DAvenport 1-4175 ( Area Code 415)

an equal opportunity employer

If the communicator's freedom is 
reduced by requiring him to use a 
threshold decision rule and integer 
values for that threshold, then the 
optimal strategies are a uniform dis
tribution for nature and equal proba
bilities for the thresholds 1,2..........
[A 1], the largest integer in A + 1. 
In this case the expected value of the 
payoff is

E(P(c.B)}= l/2 + (1/[A +11)

Dr. Root stated that this minimax 
approach can probably be extended 
to detection schemes other than ener
gy detectors. Some of his earlier work 
on this problem was reported in the 
March 1961 issue of Information and 
Control.

After receiving his Bachelor's and 
Master's degrees in electrical engi
neering, Dr. Root received his Ph.D. 
in mathematics from MIT in 1952. He 
was associated with MIT and Lincoln 
Laboratory until assuming his present 
position as professor of instrumenta
tion engineering at the University of 
Michigan in 1961.

CHARLES H. DAWSON

Specializing in 
PHASE METERS 

Direct Reading in Degrees 
0.001 cps to 18,000 me 
Accuracy 0.05° or 1%

Please contact our Personnel Mana
ger. Local interviews by engineering 
staff are possible.

BUY A LINDGBEN DOUBLE ELECTBIOALLY ISOLATED BOOM
HELP YOU? ENOINE0? USE HIS TIME TO THE BEST ADVANTAGE

Send letter or resume to
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Large 5 inch meter.
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Write for brochure giving many more details
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At National Press, each printed piece 
can be tailored to your needs ex
clusively. We have ideas; we have the 
staff to execute them.

Frequency range, 5 cps to 4 Me 
(3 db bandwidth 2 cps to 7 Me).

Voltage range, 100 /zV to 320 V 
(10 /zV to 100 /zV as null detector).

Model 320A 
Price: $465

CUSTOM
MADE!
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Measures signals having crest factor 
(ratio of peak to rms) as high as 15.

Uses time-proven diode matrix to pro
duce square-law response with long
time reliability and accuracy —no 
thermocouples used.

Individually calibrated logarithmic 
voltage scales result in uniform ac
curacy of % of actual reading regard
less of whether it is top or bottom 
of the scale.

events of interest
April 17-19—SWIRECO (South

western IEEE Conference and Elec. 
Show). Dallas Memorial Auditorium, 
Dallas, Texas. Exhibits: Hal Copeland, 
810 Wilson Bldg., Dallas 1, Texas. 
Program: Prof. A. E. Salia, E.E. Dept., 
Arlington State College, 
Texas. No Proceedings.

April 17-19 — InfI Special Tech. 
Conf, on Non-Linear Magnetics. 
Shoreham Hotel, Washington, D.C. 
Program: J. J. Suozzi, BTL Labs., 
Whippany, N.J. *DL-11-5-62. Pro
ceedings: Order from IEEE Head
quarters after Conference.

April 24-26—6th Region Technical 
Conference. San Diego, Calif. Pro
gram: George C., Tweed, Jr., 8080 
Pasadena Ave., La Mesa, Calif. No 
Proceedings.

May 2-3—4th Naf I Symposium on 
Human Factors in Elec. Marriott Twin 
Bridges Hotel, Washington, D.C.

May 7-9—Electronic Components 
Conference. Marriott Twin Bridges 
Hotel, Washington, D.C. Program: 
James Hannon, G.E. Co., 777-14 St., 
N.W., Washington, D.C. Proceed
ings: IEEE Headquarters after Con
ference.
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BALLANTINE True RMS VTVM 
Measures 10 nV to 320 V 

regardless of Waveform

o Model 320A-S/2 Price: $485
Panel color to customer specification at additional cost.

— Since 1932 —

BALLANTINE LABORATORIES inc.
Boonton, New Jersey

CHFCK WITH BALLANTINE FIRST FOR LABORATORY AC VACUUM TUBE VOLTMETERS. REGARDLESS OF YOUR REQUIREMENTS FOR 
AMPLITUDE FREQUENCY. OR WAVEFORM WE HAVE A LARGE LINE. WITH ADDITIONS EACH YEAR ALSO AC OC ANO DC AC 
INVERTERS, CALIBRATORS. CALIBRATED WIDE BAND AF AMPLIFIER. DIRECT-READING CAPACITANCE METER. OTHER ACCESSORIES.

Write for brochure
Repreientad by Carl A. Stone Associates, 800 North San Antonio Road, Palo Alto, California
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We need 
engineers right 
now! . . . think 
about us!

are 
a must

Your educational and work 
background are highly special
ized, and a clear understand
ing of both is a prerequisite to 
serving your career develop
ment requirements.
At FORUM, our professional 
placement specialists speak 
your language: engineering. In 
addition, we are abreast of the 
opportunities, salary scales, 
contract awards and all other 
aspects of the engineering 
placement picture.
For information or for a com
plete job campaign (Resume 
preparation and referrals, in
quiry letters, interviews), stop 
in, call or write. You’ll like the 
thorough, confidential and 
professional service you will 
receive. Employers pay our fee.
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AT FORUM 
Professionals 
serve the needs of 

Professionals

J. Leong
J. N. Lepper, Jr.
F. P. Lockwood, Jr.
D. H. Loescher
D. N. Lytle
G. M. Masters
R. W. McConnell
J. A. Mellenger
G. E. Merer
W. F. Monks, Jr.

L. L. Moon

W. Nickel

P. C. Prehn

H. E. Rauch

R. A. Severns

J. M. Speiser

A. N. Strickler

J. A. Tellefsen, Jr.

A. Tonning

R. L. Venezky

F. D. Weekes
J. G. Wirt

W .L. Wise

B. H. Wolf 
Chung-Hoi Wong

M. W. Woodruff
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MEMBERSHIP

Following are the names of IEEE 
members who have recently entered 
our area, thereby becoming members 
of the San Francisco Section:

G. B. Applegate

R. H. Austin
R. R. Austin
R. R. Barber
S. H. Black
W. J. Blinn
A. Borken
F. L. Boyd

A. Brandli

R. W. Carpenter

M. B. Carter

K. F. Crook

A. De Joseph

A. L. Eykholt

K. Haase

M. R. Heembrock

H. Hennig

J. L. Herrero-
Urgel

J. W. Jensen

J. H. Jones

H. G. Kistosturian

W. A. Klingman

J. A. Koch

D. S. Lander

B. J. Lawrence

FORUM
PERSONNEL AGENCY

378 Cambridge 
Palo Alto 
California 
321-6582
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VELONEX PULSE GENERATOR
Wide-range general-purpose solid-state 

pulse generator for pulse circuit develop
ment, with frequency range from 100 pps 
to 5,000,000 pps. simultaneous positive ( + ) 
and negative (—) outputs at two impedance 
levels. Positive output source is 5 ohms, and 
negative source impedance is nominal 50 
ohms; no DC output in any mode.

Output versatility is assured with 
range of accessories such as:

• Single pulse generator
• Mixer assemblies
• Plug-in impedance matching and DC

isolation transformers
• Rise and fall time control
• Nanosecond transformers

Other standard features include low source 
impedance sync output to assure a positive 
sync pulse of 5 volts; 5— nanoseconds re
gardless of loading or frequency; and only 
a one-volt rms (sine wave) is necessary to 
drive the pulse generator externally to 5 
megacycles. Price $1 180.00, delivery 4 weeks.

VELONEX, A Division of Pulse Engi
neering, 560 Robert Avenue, Santa 
Clara. Calif. Phone 244-7370 TWX 408- 
287-6570

We’re a small, energetic, and con
genial company where the growth is 
rapid but planned and controlled for 
the long range. We specialize in the 
design and manufacture of propri
etary electronic instrumentation for 
control and data systems. Our man
agement represents the best in train
ing and experience.

Design Engineers 
for solid-state circuit design to work 
on special analog and digital data 
instrumentation. Each assignment is 
carried through from preliminary de
sign to production.

Product Development 
creative men wanted for continued 
R & D to expand our product line.

Salary, benefits, and participation 
commensurate 

letter or send



ERTSCH

PCR-1 Phase Comparison Receiver

RHF-1 High-Frequency Standards 
Receiver

WWV AND VLF 
STANDARDS 
RECEIVERS

GERTSCH PRODUCTS, INC.
3211 S. La Cienega Blvd., Los Angeles 16, Calif. • UPton 0-2761 • VErmont 9-2201

Northern California Office: 794 West Olive. Sunnyvale. California, REgent 6-7031

i

— provide rapid calibration checks on frequency and 
time standards . . . frequency comparisons against 
carrier-stabilized frequency transmissions—with 
high accuracy.

High-Frequency Standards Receiver — an all transistorized 
superheterodyne receiver designed for reception of WWV 
and other high-frequency standard transmissions. Ideal in 
precision time measurements, reception of standard audio 
frequencies, pulse code modulation, and radio propagation 
notices transmitted at these frequencies. Local frequency 
standards comparisons accurate to 1 part in 107. Operates 
from either a 115/230-volt power line, or a 12-volt battery. 
Send for Bulletin RHF-1.

— used with local frequency 
standards accurate to 1 part in 107 or better. Instrument 
utilizes the propagation stability of low-frequency waves, 
allowing comparisons to an accuracy of 5 parts in 10'° to 
be made in one hour. Higher accuracies, proportionately 
longer. This all solid-state unit also includes a built-in 
servo-driven, strip-chart recorder. Front-panel frequency 
selection permits rapid switching of up to 4 frequencies 
within the range of 10 to 100 KC. Send for Bulletin PCR-1.



I

Assure atibility

REDCOR
LOW & HIGH LEVEL
MULTIPLEXERS

METALLURGICAL CORPORATION
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COMPONENTS:
Crystal Filters, Discriminators, etc. 
Gear Heads, Reducers, Clutches, etc. 
Microwave Components
Nuclear Batteries, Timers and Packs 
Panel Meters —Control Meters 
Printed Circuit Boards 
Semiconductors
Servo Motors. Tach., Servo Assys.
Snap Action Switches

Applied

0
Dynamics

Kittleson Company
Kittleson Company provides Engineered Representation for 
Users and Manufacturers of Electronic Instruments and Com
ponents in the following listed product areas.

INSTRUMENTS:
Acceleration Switches 
Amplifiers —Computers 
Digital Equipment —Servo Analyzers 
Electronic Filters —Power Supplies 
Gyro, Synchro and Resolver Test Equipt. 
Infrared Detectors. Materials, Systems 
Microwave Test Equipment 
Pulse Generators 
Range Timing Equipment 
Voltage Reference Standards

Hyperion

Available for “off the shelf” delivery, Redcor standard, Low and 
High Level Multiplexers offer users unusual system flexibility.
Series 606, 608 and 625 Multiplexers feature Input Voltage Ranges 
from ±1O millivolts to ±1O volts. Control signals, size compatibility, 
power requirements, and switching signals of all multiplexer mod
ules are identical. All models are available in standard rack mount 
chassis, complete with internal power supplies and amplifiers.
Redcor’s complete line of compatible components for data acqui
sition systems also includes Hybrid Differential Multiplexers, DC 
Differential Amplifiers, Single Ended Dual Channel Amplifiers, Wide 
Band Low Level Amplifiers, Low Pass Filters, Precision Voltage 
Reference Sources, Analog to Digital Converters and Digital to 
Analog Converters.
For detailed information on Redcor precision components and sys
tems engineering in data acquisition and system control, contact. . .+

416 No. La Brea Ave.,
L.A. Calif. WE 3-7371

809 San Antonio Road,
Palo Alto, Calif. DA 6-7410

San Diego-Zenith 2-1983
Albuquerque, New Mexlco-

-Enterprise 694
Alamogordo, New Mexico-
-Enterprlse 694

El Paso, Texas,-Enterprise 619
Phoenix and Tuscon, Arlzona-

-Enterprlse 7527


