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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) 
 
May, 1963 (mid‐month): 
Cover: The duobinary coding/decoding system for data transmission 

demonstrates how to double the baud rate of a given channel.  This is 
explored by Adam Lender of Lenkurt.  This is the company I first worked 
for, out of college, starting in 1968.  It takes its name from Len and Kurt, 
its founders, and (as part of GTE) developed telephone system hardware.  
One of the larger projects was engineering the private phone system for 
the Southern Pacific Railroad in the Central Valley, to get around AT&T’s 
WATS tariffs before the Carterphone decision.  The “SP” in Sprint stands 
for Southern Pacific; the Lenkurt system was part of the genesis of Sprint.  
More on page 8. 
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LOOK AT LOCKHEED

LJ__ I

III

indicated. Fluid mechanicists are calcu­
lating the heat load, determining how 
rapidly the nose will ablate and how to 
keep it sharp. Current shock tube tests 
are providing some clues.

Another research project in Lockheed’s 
Fluid Mechanics Laboratories relates to 
the flow of buoyant fluids. A typical study 
program is the determination of how 
liquid hydrogen, stored in a tank in 
space, stratifies. This, in turn, deter­
mines the level of pressurization required 
in order to extract all of the fluid. Scien­
tists made a mathematical model of 
what they think occurs inside the tank. 
With this as a guide, an actual tank was 
constructed to obtain measurements 
and photographs of the flow to verify 
their theories.

LOOK AT LOCKHEED... AS A CAREER 
Consider Lockheed's leadership in space 
technology. Evaluate its accomplishments 
—such as the Polaris missile, the Agena 
vehicle’s superb record of space mis­
sions. Examine its outstanding advantages 
—location, advancement policies, creative 
climate, opportunity for recognition.

Then write for a brochure that gives you 
a more complete Look at Lockheed. 
Address: Research & Development Staff, 
Dept. M-46A, P.O. Box 504, Sunnyvale, 
California. Lockheed is an equal oppor­
tunity employer.
SCIENTISTS & ENGINEERS: In addition 
to positions relating to fluid mechanics, 
other important openings exist for special­
ists in: Inertial guidance • Orbit thermo­
dynamics • Electromagnetics • Mission A 
trajectory analysis • Gas dynamics • 
Chemical and nuclear propulsion • 
Systems engineering

MISSILES & SPACE COMPANY 
A GROUP DIVISION or LOCKHCCO AIRCRAFT CORROR^r>O'i 

Sunnyvale, Palo Alto, Van Nuys, Santa Cruz, 
Santa Maria, California • Cape Canaveral. 
Florida • Huntsville, Alabama • Hawaii

Taming temperature extremes

Super-orbital entry of a space vehicle- 
one returning to earth from a planet, 
rather than from an earth-orbiting mission 
—would result in searing radiative heating 
in addition to the more familiar convective 
type. As a spacecraft nose enters atmos­
phere, it pushes the thin air aside. A 
boundary layer is formed next to the skin. 
Ahead of that is a compressed mass of 
air; fronting that, a shock wave. The air 
behind the shock wave becomes incan­
descent, ionizes, and radiates to the heat 
shield. Within the boundary layer, friction 
heats the nose cone by convection.

Lockheed scientists believe that at 
higher than escape speed a blunt-nosed 
vehicle may be unable to sustain the radi­
ative heating. Consequently, a return to 
the previously discarded sharp nose is

10/zs

Ilin ‘



Electronic Equipment Engineers
MCDONNE

 
Mail This Form To: D. F. Waters, McDonnell Employment, Dept. 62AM, Box 516, St. Louis 66, Mo.

.Age.

Date

may 13, 19 6 3

-

I 
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lators, master time reference systems, ground check-out 
equipment, message computers, recording devices, flight 
control, antennas, display systems, communication, 
guidance . . . more than 100 different electronic compo­
nents, equipments and systems.

Continuing expansion of the Electronic Equipment 
Division is creating electronic engineering opportunities at 
all levels from Associate Engineer to Department Managers. 
Supervisory positions require advanced degrees; bachelors 
degree necessary for other positions.

For information about your opportunities in the 
Electronic Equipment Division at McDonnell, complete 
and mail, in confidence, the brief resume form below. 
For a comprehensive, immediate review of your qualifi­
cations, attach a complete resume of your education 
and experience.

I 
I 
I
I 
IDate

I would like to receive application form Q

Name Home Address 
City & State Phone  
Education: EE ME Math Physics Chemistry AE Astronomy Other 
Degree: BS MS PHD Present Job Title   

design the 
control for 
the Radar 
Scope Cameras 
that are the 
recording eyes 
for McDonnell 
Phantoms.

develop
Flight Control
Systems for 
aeroballistic 
and 
surface-to- 
surface 
missiles.

design the 
Simulators 
that will train 
astronauts to 
control 
Gemini 
from launch 
to landing.

design the 
Precision 
Orbital 
Clocks 
that keep time 
for spacecraft 
as they orbit 
the earth.

grid — 1

Early recognition of the inter-relationship between 
electronic innovation and aerospace development has 
been reflected in the historic achievements of McDonnell 
products in aeronautics and astronautics. To fill electronic 
requirements not met by standard equipment, McDonnell 
created its own electronic capability, now a separate 
division under the direction of a General Manager. The 
comprehensive capabilities of the Electronic Equipment 
Division (EED) are geared to provide advanced electronic 
equipment for ground, airborne and space applications.

EED is designing, developing and manufacturing 
products and systems which span the entire electro­
magnetic spectrum from subaudio control and ultrasonic 
equipment through microwave and infrared devices. To­
day, the efforts of more than 500 EED engineers are 
focused on such diversified projects as pre-flight simu-

Date
MCDONNELL An equal opportunity employer.



WE ARE PROUD . .

all 65 of us at National Press . . . that we

were selected again this year to produce

Varian Associates’ annual catalog—a two-

color, dramatic listing of microwave tubes

and components.

may 15, 7 9 6 32 — g f id

We are as near as
your telephone.

IPJust dial
327-0880
and a representative
will gladly call.

No obligation, of course

WESCON—AUGUST 20-23 • COW PALACE • SAN FRANCISCO 
NOW is the time to be thinking about your DESIGN and PRINTING 

requirements for WESCON!

OUR CUS TOMER
IS PROUD .

ARE YOU PROUD 
OF YOUR PRINTING?

You will be if it is produced by

■

THE NATIONAL PRESS
Designers • Printers • Lithographers • Publishers

In Stanford Industrial Park

850 HANSEN WAY • PALO ALTO

of the finished product: “We are very 
much pleased with our 88-page 1963 
Microwave Tube Catalog which you 
produced for us. From layout through 
bindery, the job has been most effi­
ciently handled —even though you 
were forced to work against a close 
time schedule. We feel that your re­
production of the halftones is partic­
ularly outstanding."
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BRILL
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INTERNATIONAL 
RECTIFIER 

ZENER DIODE LABS
IR Zener Labs give you a complete 
assortment in one convenient cabinet. 
Saves time usually spent purchasing 
individual units at different times, pro­
vides savings over 1 - 99 prices. Every 
Zener is “tagged" to show JEDEC num­
ber and voltage rating. Every Lab con­
tains a reference library to provide 
ready answers to most application 
questions.

Full range of 
top-rated Zeners 

and complete 
reference 
library at 

your fingertips!
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Published twice a month except July and August by San Francisco Section, 

Institute of Electrical and Electronics Engineers

es and New Members .

JAMES D. WARNOCK, Executive Editor
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.

SECTION MEMBERS! To stay on mailing list when you move, send address change 
promptly to IEEE National Headquarters, Box A, Lenox Hill Station, 

New York 21, N.Y.

cover
The duobinary coding technique for 

digital communications requires only 
one-half that bandwidth of an equiva­
lent binary system transmitting at 
the same bit rate. Error detection 
without introducing redundancy in the
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original binary data and equipment 
simplicity are additional features of 
this technique. The cover was created 
by Al Currier, Lenkurt microwave de­
signer. More details on the system are 
given in the meeting review, page 8.
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(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



MEETING CALENDAR

all those interested, members

• Saturday, June 157:30 P.M.

reporters

• Monday, May 208:00 P.M.

PA-

• Tuesday, May 218:30 P.M.

8:00 P.M. • Tuesday, May 21

4 — grid

HISTORIAN: EARL G. GODDARD, 
VARIAN ASSOCIATES

CONTROLS:
, HEWLETT-

i

or nonmembers, are welcome

production staff
EDITORIAL ASSISTANT: DORIS GOULD 
ADVERTISING ASSISTANT: CAROLE

POWELL

SAN FRANCISCO SECTION
Annual meeting, dinner-dance 
Place: Diablo Country Club, Danville 
Cocktails: 7:30 P.M. (no host) 
Dinner: 8:30 P.M. (New York steak) 
Dancing: 9:00 P.M. to 1:00 A.M. to the music of the "Stardusters" 
Reservations: $7.50 per person. Limited to 400 persons. Tickets may be re­

served through Mrs. Doris Gould, Section Office, DA 1-1332, DA 1 -1 333. 
No tickets sold after June 10.

FRESNO SUBSECTION 8:00 P.M. • Wednesday, May 22

(Joint meeting with the Fresno State College Student Branch of the IEEE) 
Subject: Presentation of papers by Fresno State College engineering students 
Place: Room 101, Industrial Arts Bldg., S.E. corner of Barstow Ave. and Campus

Dr., Fresno State College campus
Parking: F.S.C. students must use regular student parking areas. Special arrange­

ments have been made for all others to park in the "Restricted-Faculty Only 
area immediately west of the Engineering Bldg., which is just south of the In­
dustrial Arts Bldg. Enter area at Barstow Ave. and Campus Dr.

No dinner

PROFESSIONAL TECHNICAL GROUPS
Broadcasting
"Transistor Symposium" 
Speaker: Ben Wolfe, KPIX 
"Automatic Transmitter Logging" 
Speaker: Paul Gregg, Bauer Electronics 
Place: Engler's, 20 - 10th St., San Francisco 
Dinner: 6:30 P.M., Engler's, 20 - 10th St., San Francisco
Reservations: Paul Gregg, Bauer Electronics, 591-9456, or Jim Gabbert, KEEN, 

KL 2-1013, by Monday, May 20

may 15, 1 9 63

SANTA CLARA VALLEY SUBSECTION
"The Microscope as an Optical Measuring Tool"
Speaker: Marcel Vogel, IBM, San Jose
Place: Berry Farm Restaurant, 2825 El Camino Real, Santa Clara
Dinner-Meeting: Happy Hour, 6:30 P.M.; Dinner, 7:30 P.M. (Berry Farm Fried

Chicken Dinner, $2.75)
Reservations: Mrs. George, RE 9-5840

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.

EAST BAY SUBSECTION
"Instrumentation for Nuclear Testing"
Speaker: Edward H. Hulse, head, electronics engineering dept., UC Lawrence 

Radiation Lab, Livermore
Place: Livermore High School, Choral Road, 600 Maple St., Livermore
Meet-the-students-and-speaker Dinner: 6:15 P.M., Haps Restaurant, 122 West

Neal St., Pleasanton ($3.00, including tax and tip for steak dinner and ex­
tensive salad bar)

Reservations: Pat Mann, Sandia Corp., 447-5100, Ext. 2641, or Winnie Veeder, 
Lawrence Radiation Lab, Berkeley, 843-2740, Ext. 5434

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

McAllister, san jose state
ANTENNAS AND PROPAGATION:

ROLF B. DYCE, SRI 
BROADCASTING: BEN WOLFE. KPIX 
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
ELECTRONIC COMPUTERS: WILLIAM

DAVIDOW. GENERAL ELECTRIC 
ENGINEERING MANAGEMENT:

LEONARD M. JEFFERS, SYLVANIA 
ENGINEERING WRITING AND 

SPEECH: DOUGLAS WM. DUPEN. 
TECHDATA DIV., L. C. COLE

INFORMATION THEORY: CHARLES
H. DAWSON, SRI

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

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

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

RELIABILITY AND QUALITY CON­
TROL: W. WAHRHAFTIG. PHILCO

SPACE ELECTRONICS AND TELEM­
ETRY: TOM LINDERS. LOCKHEED

TECHNICAL DIVISIONS:
COMMUNICATIONS: ALFRED R.

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

WELL ELEC., INC.
INSTRUMENTATION & < 

RONALD K. CHURCH. 
PACKARD CO.

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

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



HeroldLerfer

research engineer, Lockheed Missiles and Space

• Wednesday, May 158:00 P.M.

• Tuesday, May 288:00 P.M.

May 21

Engineering Management 9:00 A.M. • Saturday, May 25
Program: Management Decision-Making Game (special PTGEM meeting)

Place: IBM, San Jose
Reservations: W. D. Bolton, 227-7100, Ext. 2711

m—leaves Palo

and Space Co.

grid — 5

i Advances in Solid-State Microwave Receivers for Satellite Applications" 
Speaker: Robert F. Domboski, project engineer, Philco Corp., WDL 
Place: Lockheed Auditorium, Bldg. 202, 3251 Hanover St., Palo Alto 
Dinner: 6:15 P.M., El Camino Bowl, 2625 El Camino Real, Mountain View 

Reservations: Tom Linders, RE 9-4321, 

Product Engineering & Production

Technical Lecture and Plant Tour
Manufacture of Magnetic Disc Storage Units by the staff o e an 

ufacfuring Engineering Department
Place: IBM Education Center Auditorium, San Jose
Packaged Evening: Transportation, Dinner, and Technical Progra

Alto at 6.00 P.M. and returns at 11:00 P.M.
Dinner at IBM facilities O7
Reservations: Miss Marie Sharp, DA 4-3311, Ext. 45821, by 4.30 . .. ay

Instrumentation & Measurement 8:15 P.M. • Wednesday, May 29

Lecture No. 5: "Instrumentation for Man in Space"
Speaker: Dr. Peter Simpson, sr. r

Co.
Place: Lockheed Auditorium, Bldg. 202, 3251 Hanover St., Palo Alto
Dinner: 6:15 P.M., L'Omelette Restaurant, 4170 El Camino Real, Palo Alto 

For additional information call Mrs. Renda Blackler, 948-8233

Military Electronics

"Design Reliability"
Speaker: H. K. Burbridge, reliability engineer. Lockheed Missiles 
Place: Lockheed Auditorium, 3251 Hanover St., Palo Alto 
Dinner: 6:30 P.M., Red Shack. 4085 El Camino Way. Palo Alto 

Reservations: Vic Conrad, DA 6-4000, Ext. 221 2

Electronic Computers 8:00 P.M. • Tuesday, May 28

"Designing Real Time-Control Computers for Efficient Programming"
Speaker: Emil R. Borgers, mgr. programming, Scientific Data Systems, Santa

Monica
Place: Lockheed Auditorium, 3251 Hanover St.. Palo Alto
Dinner: 6:00 P.M., The Red Shack, 4085 El Camino Way, Palo Alto

Reliability 8:00 P.M. • Wednesday, May 22

The Testing of Electronic Parts in a Nuclear Radiation Environment"
Speaker: Edwin A. Smith, research engineer, Lockheed Missiles and Space Co., 

Sunnyvale
Place: Physics Lecture Hall, Room 101, Stanford University
Dinner: 6:30 P.M., Ed's Chuck Wagon, Mountain View
Reservations: Jean Cravens, YO 8-621 1, Ext. 2126, by May 21

Space Electronics and Telemetry

"Parametric Amplifiers"
Speaker: Dr. George Matthaei, Stanford Research Institute, Menlo Park
Place: Lockheed Auditorium, Bldg. 202, 3251 Hanover St., Palo Alto
Dinner: 6:15 P.M., El Camino Bowl, 2625 El Camino Real, Mountain View
Reservations: Tom Linders, RE 9-4321, Ext. 28394 or 28453, by 1:00 P.M.,

June 18

may 15, 1963

___

Space Electronics and Telemetry 

Election of Officers

8:00 P.M. • Tuesday, June 18

8:00 P.M. • Tuesday, May 21

w e s c o n news
NEW DIRECTOR

Edward W. Herold of Varian Asso­
ciates, Palo Alto, has been appointed 
an interim Section-WESCON director 
representing the San Francisco Sec­
tion on the board of directors. The 
action by Peter Lacy, chairman of the 
San Francisco Section (IRE), followed 
the recommendation of a nominating 
committee consisting of Bernard M. 
Oliver, John V. N. Granger, and Al­
bert J. Morris and was confirmed by 
actions of the operating committee 
and the executive committee (IRE).

Dr. Herold replaces Meyer Leifer, 

who submitted his resignation to ac­
cept the position of technical di­
rector, systems engineering and man­
agement organization, Sylvania Elec­
tronic Systems, Waltham, Mass. The 
remainder of the term will run through 

November, 1965.
Dr. Herold is vice president, re­

search, of Varian Associates, where he 
directs the central research labora­
tory concerned with such fields as 
coherent light, solid-state devices, 
plasma physics, direct head conver­
sion, and allied research activity. He 
was chairman of the WESCON tech­
nical program in 1961 and is a fellow 
and former director of IEEE. He as­
sumes Leifer’s responsibilities as con­
vention director for 1963 until next 

November.
Leifer was formerly chief engi­

neer and manager of the video/in- 
strumentation division of Ampex 
Corp., Redwood City. He is a fellow 
of IEEE and was chairman of the San 

Francisco Section in 1958.
Another new director was recently 

named by the Los Angeles Section, 
when Ralph A. Lamm, section chair­
man (IRE), was elected to complete 
the term of Dr. Lester Van Atta when 
the latter moved from Hughes in 
Southern California to Lockheed in 
Palo Alto. Lamm is plant manager of 
the electronics center of Bendix Pa­
cific division at Sylmar.

Place: Lockheed Auditorium, Bldg. 202, 3251 Hanover St.. Palo Alto
Dinner: 6:15 P.M., El Camino Bowl, 2625 El Camino Real, Mountain View
Reservations: Tom Linders. RE 9-4321, Ext. 28394 or 28453, by 1:00 P.M.,



Robert F. Domboski
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in the new
BEATTIE-COLEMAN

MARK II 
OSCILLOTRON

Represented by 
CERRUT1/PFLIEGER CORP.

883 Commercial St., Palo Alto 
Phone: 321-7764

Records in
ANY RATIO 

from 1:1 to 1:0.5 i

Here’s the most versatile oscillo­
scope camera ever made. Espe­
cially designed for new 10,000 
speed Polaroid Land Type 410 film 
that records pulses of extremely 
short duration. Prints in 10 secs. 
Easily change ratios from 1:1 to 
1:0.5 without extra lenses. External 
focusing. Flat field lens. Electric 
shutter eliminates cable release. 
Direct viewing port or hood. Re­
cords up to 13 traces on one frame. 
Dark slide on Polaroid Land Cam­
era back. Records written data on 
film. Fits any 5" ’scope. Attrac­
tively priced. Send for catalogs on 
all B-C Oscillotron models now

"Polaroid”® by Polaroid Corporation

meeting ahead

SOLID-STATE ADVANCES

The May 21 meeting of PTGSET 
will be devoted to a presentation of 
technical and reliability advances in 
solid-state microwave receivers for 
satellite applications.

The speaker, R. F. Domboski of the 
Philco Corp., was project manager 
for the development and production 
of a high-performance FM microwave 
receiver which has a 90 percent 
probability of survival for one year's 
operation in a satellite.

He will discuss the electrical, me­
chanical, thermal, radiation and re­
liability design, and trade-off consid­
erations required for small, rugged, 
high-performance, high-reliability re­
ceivers. Methods of testing the de­
sign adequacy, the results of life 
tests to date, and potential advances 
in the field will also be reviewed.

Chapter officers for the coming 
year will be elected at the meeting.

Edwin A. Smith 

meeting ahead

PART TESTING IN RADIATION

At the May 22 meeting of PTGR, 
Edwin A. Smith will describe methods 
of approach and testing techniques 
required for radiation tests. The prob­
lems involved, principally as they ap­
ply to test reactors, will be discussed. 
The damage mechanisms in semicon­
ductors and their manifestations in 
device parameters will be considered 
with the implications for the design 
engineer.

A use of data, obtained in an irradi­
ation testing program, which may 
serve as a guide to parts selection 
and reliability will be outlined.

The speaker has been with Lock­
heed Missiles and Space Company as 
a research engineer since August. 
1962, working on nuclear aerospace 
programs. After four years in the Air 
Force, he returned to UCLA to finish 
his education and received the B.S. 
degree in applied physics in January, 
1962, while working as an electronics 
engineer at Del Mar Engineering Lab­
oratories, Los Angeles. While at Del 
Mar, since 1957, he was engaged in 
the design of target training systems 
and electronic instruments for medi­
cal research.

Use the 
POLAROID® 

10,000 SPEED 
Land Film

Edward H. Hulse 

meeting ahead 

EBSS: HULSE & STUDENTS
Edward H. Hulse, head of the elec­

tronics engineering dept., UC Law­
rence Radiation Lab, Livermore, will 
address the East Bay Subsection on 
May 20. Instrumentation for nuclear 
testing, a description of equipment 
used for nuclear testing, and attend­
ant problems of people and equip­
ment will be covered. A new color 
film on the forward area in Nevada 
will be shown.

The program will also feature two 
student paper presentations culminat­
ing the 1963 paper competition for 
prospective engineers which was in­
augurated this year in the Livermore 
High School by the subsection. 
Judges will complete their work after 
hearing the presentations, and the 
winner will receive a prize of $75.00; 
the runner up, a prize of $25.00.

Mr. Hulse is co-chairman of the stu­
dent chapter committee. He is also a 
member-at-large of the executive 
committee of the San Francisco Sec­
tion (AIEE).
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eelin g ahead

LAST ON MAN IN SPACE

The concluding presentation in the 
PTGIM space instrumentation series 
will be a discussion by Dr. Peter 
Simpson on the subject, "Instrumen­
tation for Man in Space."

Earlier meetings in the series ex­
plored the problems of determining 
space environmental parameters. 
Once sufficient knowledge of the ex­
traterrestrial environment is gained, 
man might proceed to explore it 
personally. With all the effort to un­
derstand and to reduce the hazards 
of such a personal venture, there re­
mains the attendant need to convey 
the explorer's conscious (and uncon­
scious) needs to observers on earth. 
Additionally, he must be provided
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Ceramics to infinity

WESGO — Where Quality is the Chief Consideration

may 1 J , 1963 grid— 7

Wesgo capability can provide an endless number of 
shapes and forms in quality high alumina ceramics 
for your most demanding applications.

Dense, vacuum-tight Wesgo alumina ceramics, with 
up to 99.5% Al ,O:t, are strong, hard and abrasion re­
sistant. They offer high thermal conductivity, excep­
tional chemical inertness and superior electrical 
properties at microwave frequencies—even at high 
temperatures.

Wesgo ceramics are available in sizes and shapes to 
meet your individual specifications. Manufacturing 
is to tight dimensional tolerances; parts are of uni­
form density, free from internal and surface defects. 
All are quality controlled to meet unparalleled per­
formance standards.

Write today for a brochure describing these premium 
ceramics or Wesgo’s precious metal brazing alloys

1/ \ WESTERN GOLD &
'eSOOJ PLATINUM COMPANY

/ y Dept. G-5, 525 Harbor Blvd., Belmont, California

---- LYtell 3-3121 Area Code 415

• polarized light photocolor microg­
raphy of growth processes in poly­
meric materials; and

• phase contrast photomicrography.

The subject is vitally important to 
multilayer solid-state circuitry and will 
give a good insight to new techniques 
in this field.

with the ability to sense and to re­
spond to conditions (hopefully an­
ticipated) alien to the previously 
earth-bound human. What is being 
done about it is the area of Dr. 
Simpson's concern.

Dr. Simpson, a member of the 
newly formed bio-astronautics depart­
ment at Lockheed, addresses the 
problem with a Doctor of Medicine 
degree from the University of Berlin 
and a Doctorate in science from the 
University of Danzig.

Dr. Simpson came to the United 
States in 1949. Since that time, his 
efforts and contributions have been 
in the field of fetal physiology (cardio­
vascular instrumentation). At Lock­
heed, he is a senior research engineer 
working on bio-instrumentation for 
life support systems.

meeting ahead
PHOTOMICROGRAPHY

The microscope as an optical meas­
uring tool will be covered by Marcel 
Vogel, IBM, San Jose, at the May 21 
meeting of the Santa Clara Valley 
Subsection.

The speaker's slide presentation and 
lecture might be called "A Fantasy in

Diablo Country Club, Danville, where the first merged San Francisco 
Section IEEE annual meeting, a dinner-dance, will be held Saturday, 
June 15. No-host cocktails, 7:30; New York steak dinner, 8:30: dancing 
from 9 to 1 to the music of the Stardusters. Early reservations, limited 
to 400 at $7.50 a person, are recommended. Call Airs. Doris Gould in 
the Section Office and follow this by mailing a check to be sure that your 
tickets are reserved.

Crystal Structure and Color," for it is 
as enjoyable from an esthetic point of 
view as it is technically interesting.

Mr. Vogel's work has taken him into 
the areas of:
• noncontact interferometry of metal 

and plastic surfaces;
• interference contrast photomicro­

graphs of evaporated metal layers;
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'Will
A New Pair 

of Beam Power 
VHF Pentode 

Transmitting Tubes

.......

Cooler, smaller, more powerful, these 
new tubes are ideal for use as RF 
power amplifiers and oscillators at 
frequencies to 175MC in mobile and 
portable communications transmit­
ters and transceivers. Improved de­
sign and compactron packaging offer 
significant advantages over other 
tubes used in the same class of service.
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:

meet i ng re v i e w

MORE DUOBINARY

Adam Lender of Lenkurt Electric 
Co., Inc., presented an interesting 
discussion of the duobinary tech­
nique for digital communications at 
the April 18 joint meeting of the 
PTGCS and the TDC.

The conventional methods for at­
taining maximum bit rate per cycle 
of bandwidth employ multilevel code 
elements. Because of considerable 
noise penalty and intersymbol inter­
ference, which goes up exponentially 
with the increasing number of levels, 
these techniques are restricted usually 
to four independent signaling ele­
ments. The duobinary coding, com­
bined with appropriate signal shap­
ing, results in a time function con­
sisting of a series of dependent 
pulses. As a consequence, the band­
width of the original binary pulse 
train is compressed by a factor of 
two, so that the speed capacity of the 
duobinary technique is the same as 
for quaternary systems without the 
necessity of employing four levels. At 
the same time, detection of errors is 
accomplished in a simple manner by 
taking advantage of the correlation 
properties of the duobinary time 
function. Any violations of the duo­
binary rules are sensed at the re- 

so that almost all bursts of 
are detected without intro-

duobinary form. Since the BP filter 
passes only signal frequencies be­
tween and including fi and f2 during, 
for example, a steady ZERO condi­
tion, all sidebands are eliminated and 
a frequency which is an average of 
fi and fo will appear. A ONE condi­
tion is represented by either fj or f2- 
Thus, the waveform on the line is duo­
binary FM, although actually only two 
frequencies are generated in the 
equipment. At the receiving end, 
standard FM demodulation tech­
niques are used. However, the band­
width of the low-pass filter following 
the FM discriminator has a nominal 
pass band of one-fourth the data bit 
rate. Recovery of the two-state bi­
nary signals from the duobinary wave 
is accomplished with full wave recti­
fier and regenerator.

With the single exception of a rec­
tifying stage at the receiving end, the 
duobinary FM system has the same 
amount of circuitry as a straight bi­
nary FM system. When compared to 
systems having equal speed capabili­
ties—for example, an efficiently im­
plemented differentially coherent 
four-phase modulation system — a 
duobinary FM system requires only 
approximately one-half of the cir­
cuitry. From the point of view of per­
formance, only a 3-db difference 
exists between a duobinary system 
and a binary system. A typical nor­
malized signal-to-noise ratio for a 
duobinary FM system is 15 db, with 
a resulting error rate of one error bit 
per one million transmitted bits.

MAURICE H. KEBBY

ceiver, 
errors 
ducing redundancy into the original 
binary data. The effectiveness of this 
error-detection process has been veri­
fied experimentally.

Any modulation method can be 
used in a duobinary system. Consider­
ing that the most likely transmission 
media for digital data-transmission 
systems are voice-band telephone 
lines and high-frequency radio, a suit­
able modulation method is FM.

In the FM duobinary system two 
frequencies, fi and f2. are keyed in a 
binary manner. The separation be­
tween these two frequencies (in cycles 
per second) is numerically equal to 
one-half the input data rate. At the 
output of the keying circuit, the signal 
wave still is in binary form, with 
ZEROS being represented by 
changes between fi and fo and ONES 
either fi or f2. The transmitting band­
pass filter following the keying circuit 
converts the modulated wave to a
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For the first time a complete line of 
Burrough’s Electronic Components Division 
readout devices is available on the West 
Coast from Tech-Stok. Engineering and appli­
cations assistance is also available from 
Tech-Ser, Inc. engineers.

6061 W. 3rd St., Lo$ Angeles 36, Cal. WE 7-0780

800 San Antonio Rd., Palo Alto, Cal. DA 6-9800

P. 0. Box 6544, San Diego, California AC 2-1121

AC-DC UNREGULATED DC SUPPLIES
compact, low in cost, encapsulated, outputs from 0.5 to 1000 VDC and up to 1000 watts.

DC-DC REGULATED CONVERTERS
1.0% regulation, encapsulated, fully protected against shorts and overloads, 12. 24. 28 VDC inputs, outputs to 
2000 VDC at 15, 30, and 60 watts; multiple outputs available.

Our new 1963 catalog, just off press, lists more than 3000 models, any of which can usually be supplied from 
stock, together with full specifications, dimensions, application and heat sinking data, prices. Write for your 
copy today!
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AC-DC REGULATED DC SUPPLIES
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meeting review
MULTIVARIATE PREDICTION

On February 28, Dr. Frederick J. 
Beutler of the University of Michigan 
addressed PTGIT on "Multivariate 
Prediction.”

Dr. Beutler’s presentation was con­
cerned with the optimum linear pre­
diction of a multivariate random 
process, [xi(t)  xn(t)], where each 
Xi(t) is a complex-valued, possibly non- 
stationary, stochastic process, for 
which the n2 covariance functions. 
E [xj(s)xj(t)], are known.

It was shown that a Hilbert space, 
H, can be constructed to include all 
n x n matrices of the form, A(t)x(t), 
where A(t) is an n x n matrix of com­
plex, nonstochastic functions of time, 
and x(t) is the (vector) random process 
described above, written, however, as 
an n x n matrix with zero entries 
everywhere except in the first column. 
In this space, the inner product (y.z), 
°f y(s) = A(s)x(s) and z(t) = B(t)x(t), 
is defined as the trace (sum of di­
agonal entries) of the matrix, 
A(s)P(s,t)B*(t), where B*(t) is the com­
plex conjugate transpose of B(t) and 
P(s,t) is the expected value of x(s)x*(t). 
Hence P(s,t) is simply the covariance 
matrix, assumed above to be known 
for the random process, x(t). The 
square of the norm of y is then (y,y), 
as usual.

The basic prediction problem is to 
form an estimate for x(u), optimum in 
some sense, when x(t) is known for 
some preceding value (or values) of 
t. An important special case occurs 
when the process, x(t), is a wide-sense 
Markov process. This situation occurs 
whenever, for any sa < t <u, we have 
E [x(u)|x(s), x(t)] — E [x(u) |x(t)]. where 
E is the optimum estimate; thus the 
optimum estimate of x(u) then de­
pends only on the most recent known 
value, x(t). (Similarly, in the discrete­
time Markov process, the transition 
probabilities depend only on the 
present state.)

The subsequent discussion assumed 
that linear estimation is used with a 
minimum mean-square-error criterion. 
Hence an "optimum estimate” is 
taken to mean a linear, least-squares 
estimate. For any z(t.) belonging to H, 
it is well known that such an estimate, 
y(t), exists. This optimum estimate 
satisfies the orthogonality condition:

[z — y, A(s)x(s)] — O 
for all A(s) belonging to H, and all s
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Granger Associates specializes in advanc­
ing h-f communications technology. The 
emphasis is on proprietary development. 
We are now seeking candidates for 
senior engineer in the transmission 
department. The person selected will be 
responsible for the design of switching 
systems, high power filters and multi­
couplers, and transformers. Require­
ments are: a degree in EE and experience 
in the design and development of high 
voltage rf power products. Please get in 
touch with Jerry Franks.

M B ASSOCIATES 

1279 Boulevard Way 

Walnut Creek, California*

1601 CALIFORNIA AVE., PALO ALTO, CALIFORNIA

PHONE: 321-4175
an equal opportunity employer

Dr. David R. Sawle, 
935-8282
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or R(s,u) = R(s,+)R(+,u) for s < t < u. 
These conditions are also necessary, 
as may be seen from the orthogonal­
ity of x(u) — E [x(u] | x(t)] to x(s), and 
the fact that x(—t) is a wide-sense 
Markov process whenever x(t) is.

For stationary processes, the neces­
sary and sufficient condition is simply 
that
P(t.s) — P(t—s) — ex p [C(t—s)l, 

for t—s>0.
where C is a matrix of constants with 
negative real parts. It can also be 
shown that the solution of the differ­
ential equation,
x (t) = A(t)x(t) + M(t)n(t).

with x(O) = O 
is a wide-sense Markov process, when 
n(t) is random noise excitation with 
convariance matrix, 8 (s—t)l, that is, 
when the input noises, n^t)..........nn(t)

belonging to T, a segment of lime 
over which x(s) is known.

Thus, the optimum estimate for 
x(t), given x(s) at a single instant of 
time s, js

E [x(t] | x(s)J — R(t,s)x(s) 
where R(t,s) is an n x n matrix to be 
determined from the known statistics 
of the process x(s). This matrix, R(t,s), 
can be found by using the orthogonal­
ity condition. Thus, putting A(s) = I, 
[x(t) — R(t,s)x(s), x(s)J = E [(x(t)

- R(t.s)x(s))x*(s)] = O. 
Upon expansion,
E [x(t)x*(s)] - R(t,s) E[x(s)x*(s)]

= P(t.s) - R(t.s)P(s,s) = O.
Now if P(s.s) is a nonsingular matrix, 

then R(t,s) is found immediately as 
P(t,s)P-1 (s.s). However, even if it has 
no inverse, one can write P(s,s) 
= C*DC, where D is a diagonal 
matrix having the eigenvalues of 
P(s,s) along the diagonal; some of 
these eigenvalues will be zero. Re­
place these zero eigenvalues, arbi­
trarily, by ones to form a new, non­
singular, diagonal matrix, E. It can 
then be shown that

R (t.s) = P(t,s)C*E-1C.
A process is wide-sense Markov 

whenever either R(u,s) = R(u,t)R(t.s).
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are all white and uncorrelated with 
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A problem related to the basic 
prediction problem discussed above 
is the prediction of a functional of a 
random process. For example, if the 

) process x(t) is 
< t < b, one may desire 

an optimum estimate for

MASSEY
TEMPORARY 

SERVICE, INC.
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Palo Alto
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election notes
FROM THE FLOOR

PTGIM officers for 1963-64 will be 
elected at the May 22 meeting. N. L. 
Pappas, Iconix, Inc., 1 175 O'Brien Dr., 
Menlo Park, has been appointed 
chairman of the nominating commit­
tee. Members may wish to write sug­
gestions to him.

All chapters and subsections must 
conclude their elections in time for 
the June 15 annual meeting, accord­
ing to section bylaws. Already con­
ducted by ballot card have been elec­
tions for PTGAP. PTGR, PTGIT, 
PTGEM. PTGED. PTGEC, PTGPEP. 
and PTGMIL. Others, having passed 
the deadline for preparation of bal­
lot postcards by headquarters, will 
evidently elect their officers from the 
floor, as will the Santa Clara Valley 
Subsection at its May 21 meeting. 

national notes

REACTOR CONTROL

J. Forster, manager of application 
engineering for General Electric’s nu­
clear electronics products section. 
San Jose, has been appointed chair­
man of the subcommittee on reactor 
control and instrumentation of IEEE.
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(wide-sense Markov) 
known for a 
to obtain 
the functional,

z(+) =f+ W(t,s)x(s)ds.
7 — 00

The optimum (least-squares linear) 
timate, E |z(t)], for t>b is 
found to be given by 

x(a) £a
7—00
4- f b W(t,s)x(s)ds 

7 a

+ x(b) W(+,s)R(s,b)ds

since for
—oo<s<a, E [x(s)l = 
while for b<s < t, 
= R(s,b)x(b).

A paper on this subject by Dr. 
Beutler will be published in the next 
few months in the ' Annals of Math­
ematical Statistics."

BERNARD ELSPAS
CHARLES H. DAWSON

IN OUR OFFICE:

Typing, payrolls, calculating, clerical, key­
punching. inventories, mailings
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Dynamic Associates 
101 1-D Industrial Way. 
Burlingame: 344-1246

Hill Company, J. T.
4117 El Camino Way, 
Palo Alto: 327-0311

Logan & Associates, Jack
801 Mahler Road, 
Burlingame: OX 7-6100

Keithley Instruments
Kepco, Inc
Kina-Technics International.
Kinetics Corporation
KRS Electronics
Kulka Electric Corp

McCarthy Associates 
1011-E Industrial Way, 
Burlingame; 342-8901

McDonald Associates 
71 6 Wilshire Blvd., 
Santa Monica: 394-6610

Moxon Electronics
15 - 41 st Avenue,
San Mateo: Fl 5-7961

R. W. Thompson Assoc.
McCarthy Associates 

........... Neely Enterprises 
.....................Premmco,... Inc. 
........................ Tech-Ser, Inc. 
.............. Neely Enterprises 
.... James S. Heaton Co. 
...............W. K. Geist Co. 

Walter Associates

Goodrich & Assoc., James L.
68 Allston Way, 
San Francisco: OV 1-3874

Heaton Co., James S.
413 Lathrop St., Redwood 
City: EM 9-4671

Richard A. Strassner Co. 
.................. G. H. Vaughan 
................... Costello & Co. 
............ J. Logan & Assoc 
......McCarthy Associates

............ Moxon Electronics 
.... James S. Heaton Co.

..........T. Louis Snitzer Co. 
................... V. T. Rupp Co. 

Tech-Ser, Inc.
The Thorson Company 

................... V. T. Rupp Co. 
Richard A. Strassner Co.

Costello & Company
535 Middlefield Road, 
Palo Alto: DA 1-3745

Long & Associates, Inc.
505 Middlefield, Redwood
City: EM 9-3324

Neely Enterprises
501 Laurel St., 
San Carlos: 591-7661 
1317 Fifteenth St., 
Sacramento: GL2-8901

Geist Co.. W. K.
Box 746, Cupertino, Calif.:
YO 8-1608, AL 3-5433

..James S. Heaton Co. 

..McCarthy Associates 

.........Moxon Electronics 
O'Halloran Associates 
...............Costello & Co. 
....J. T. Hill Company 

Wright Engineering 
.....Wright Engineering 
.. Peninsula Associates

.................... Jay..Stone & Assoc. 
...........R. W. Thompson Assoc. 
............. W. K. Geist Company 

Schwarzschild Assoc. 
Carl A. Stone Associates, Inc. 
....................Wright Engineering 
..........Richard A. Strassner Co. 
................................. Tech-Ser, Inc. 
........................Moxon...Electronics 
..................McCarthy Associates 
.............................  Tech-Ser, Inc. 
.....................Jay Stone & Assoc. 
...............The Thorson Company 
........................Moxon Electronics 
......................Jay Stone & Assoc. 
....... .. .............Moxon Electronics 
......................... West Eleven, Inc. 
.........................West Eleven, Inc. 
........................ Moxon Electronics 

Long & Assoc., Inc. 
...............The Thorson Company 
.......................... W. K. Geist Co.

V. T. Rupp Co. 
.........Perlmuth Electronics

V. T. Rupp Co. 
..............West Eleven, Inc. 
................. Ault Associates
..........T. Louis Snitzer Co. 
......... Moxon Electronics 
....................Costello & Co. 

Premmco 
Components Sales Calif. 
............ Moxon Electronics 
.............J. Logan & Assoc. 
Birnbaum Sales Co. Inc. 
.........Jay Stone & Assoc.
..........T. Louis Snitzer Co. 
.............. J. Logan & Assoc.

Ballantine Labs, Inc  
Barnes Engineering Company  
Bausch & Lomb, Inc ............
Bay State Electronics Corp  
Beckman/Berkeley Division  
Behlman/lnvar Electronics Corp. 
Biocom, lnc..._............................-
Blaw-Knox...............................................
Block Associates, Inc .
Boesch Mfg. Div., Waltham Precision Inst. Co 
Bogart Mfg. Corp ........
Boonshaft & Fuchs, Inc,... 
Boonton Electronics Corp. 
Boonton Radio Co., Div. of Hewlett-Packard 
Burr-Brown Research Corp  
Burroughs Corp., ECD

California Instruments Corp  . 
California Technical Industries  
Century Electronics & Instruments  
Chrono-Log Corp .. .......................
Cimron Corporation  
CircuitDyne Corp .
Clairex Corp._  
Communication Electronics  
Components Engineering & Mfg. Co. 
Computer Instruments Corp  
Computer Measurements Co  
Continental Connector Co  
Continental Sensing, Inc  
Control Logic, Inc ................
Coopertronix, Inc  
CTS Corp ........... ......................

Carl A. Stone Assoc., Inc. 
.......................Costello & Co. 
.......... Perlmuth Electronics 
............Perlmuth Electronics 
......................V. T. Rupp Co. 

T. Louis Snitzer Co. 
.......... Schwarzschild Assoc. 

. The Thorson Company 
...... W. K. Geist Co. 

Tech-Ser, Inc. 
Jay Stone & Assoc.

, W. K. Geist Co. 
.O'Halloran Associates 

 Neely Enterprises
W. K. Geist Co. 

........ Tech-Ser, Inc.

Accurate Instrument Co
Ace Engineering & Machine Co
Adcom Corporation
Adirondack Wire & Cable Co., Inc,
AD-YU Electronics Labs, Inc
Airborne Instruments Laboratory..
Airflow Company
Alan Electronics .........................
Alfred Electronics
American Nuclear Corp
Ammon Instruments, Inc
Antlab, Inc.............................. --
Applied Magnetics Corporation...
Applied Microwave Lab., Inc
Applied Research, Inc
Applied Technology, Inc
Arizona Instruments
Arra — -
Astrodata, Inc...............-........................
Astron (Skottie Electronics) Corp.,
Autronics Corporation
Avnet Instrument Corp

Artwel Electric, Inc.
1485 Bayshore Blvd.,
San Francisco: JU 6-4074

Ault Associates
120 Santa Margarita, 
Menlo Park; DA. 6-1760

Birnbaum Sales Company, Inc.
626 Jefferson Ave., 
Redwood City; EM 8-7757

Compar San Francisco
1817 Bayshore Highway
Burlingame: 697-6244

Components Sales California, 
Inc.
Palo Alto: DA 6-5317

Dale Electronics  
Dana Laboratories, Inc  
Datamec Corporation .....................
Datapulse, Inc -...........................
Decker Corporation .................................
DeMornay-Bonardi Corporation  
Diamond Antenna & Microwave Corp. 
Di/An Controls, Inc .
Digital Electronics, Inc.................................

Components Sales California, Inc. 
Birnbaum Sales Co. Inc. 

Neely Enterprises 
...............G. H. Vaughan 

. James S. Heaton Co. 
................ V. T. Rupp Co. 
. James S. Heaton Co. 
.T. Whychell Company 
.............James S. Heaton Co. 
........ Birnbaum Sales Co. Inc. 
........Birnbaum Sales Co. Inc. 

.........Walter Associates 
..........West Eleven, Inc. 
............... Tech-Ser,.. Inc. 

James S. Heaton Co. 
.... T. Louis Snitzer Co. 
.O'Halloran Associates 

Carl A. Stone Assoc., Inc. 
............W. K. Geist Co. 
......  ..O'Halloran Associates 
..............James S. Heaton Co. 
....................Tech-Ser, Inc.

...........................Costello & Co. 
.........................Costello & Co. 

R. W. Thompson Associates 
Carl A. Stone Assoc., Inc. 

Compar San Francisco 
G. H. Vaughan Co. 

. McCarthy Associates 
............. James S. Heaton Co. 

Carl A. Stone Assoc., Inc. 
.........West Eleven, Inc.

J. Logan & Assoc. 
.......J. Logan & Assoc. 
.....Long & Assoc., Inc. 

Tech-Ser, Inc. 
James S. Heaton Co. 

Long & Assoc., Inc.
Peninsula Associates

Digitronics Corp  
Duncan Electronics, Inc. 
Dymec, Division of Hewlett-Packard 
Dynatran Electronics Corp. ...........

Eastern Air Devices  
E-H Research Laboratories, Inc  
Elco Corporation..  
Elcor, Inc  
Eldema Corporation  
Electra Manufacturing Co  
Electro Assemblies, Inc  
Electronic Modules Corp
Electronic Products Corp  
Electronic Research Assoc., Inc  
Elgin-Advance  
Emcor, Ingersoll Products Div  
E M I  
Empire Devices, Inc  
Eppley Laboratory, Inc..  
Erie/Eldorado
Etchomatic, Inc  
Eubanks Engineering Company

Fabri-Tek, Inc  
Fabricast Inc  
Fairchild/Dumont Labs  
Fil-Shield Div. of Filtron, Inc  
Filters, Inc ................................
Flow Corporation....................
Fluke Mfg. Co., John...............................
Forbes and Wagner, Inc  
Franklin Systems, Inc
Frequency Engineering Lab

General Instrument, Capacitor Div.
General Instrument, Semiconductor Div  
General Meters, Inc .............................................
General Ultrasonics Div., Acoustica Assoc. 
Genistron, Inc  
Globe Industries.  
Gruenberg Electric Company

Hammarlund Manufacturing Co.
Hamner Electronics .
Harrison Labs., Div., H-P.............
Heli-Coil Corp  
Heller Industries, Inc  
Hewlett-Packard Company  
Hitemp Wires  
Holt Instruments Laboratories. ... 
Hughes Aircraft Co., Instruments

IMC Magnetics Corp.  
Industrial Instruments, Inc  
Inland Motor Corp  
International Resistance Co  
ISO/Serve, Inc

J-Omega Company  
J-V-M Microwave.................................
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Peninsula Associates
1345 Hancock Street, 
Redwood City: EM 9-1226

Premmco, Inc.
2406 Lincoln Ave., 
Alameda: LA 3-9495

O'Halloran Associates
3921 E. Bayshore
Palo Alto: DA 6-1493

Perlmuth Electronics
941 Charleston Road, 
Palo Alto: DA 1-5C64

may 15, 196 3

Vaughan Co., G. H.
Box 1253, Palo Alto:
DA 1-1347

Walter Associates
Box 790, Menlo Park:
DA 3-4606

West Eleven, Inc.
210 California Ave., Suite K.
Palo Alto; 321-3370

Whychell Company, T.
580 Spargur Drive, 
Los Altos: 948-0355

Wright Engineering
126 - 25th Ave.,
San Mateo: 345-3157

Recht Associates, Elliott
175 S. San Antonio Road.
Los Altos: 941-0336

Rupp Co., V. T.
1182 Los Altos Avenue, 
Los Altos: WH 8-1483

Schwarzschild Associates
363 Douglass Street,
San Francisco: UN 1-6117

Snitzer Co., T. Louis
1020 Corporation Way
Palo Alto: 968-8304

Stone Associates, Carl A.
800 N. San Antonio Road. 
Palo Alto; DA 1-2724

Stone & Assoc., Jay
349 First Street, 
Los Altos: 948-4563

Strassner Company, Richard A.
885 No. San Antonio Rd.,
Box 927, Los Altos: 948-3334

Tech-Ser, Inc.
800 Son Antonio Rd.,
Palo Alto; DA 6-9800

Thompson Associates, R. W.
4135 El Camino Way,
Palo Alto: DA 1-6383

The Thorson Company
2443 Ash Street
Palo Alto; DA 1-2414

............ V. f. Rupp Co.
Moxon Electronics 

O'Halloran Associates
Birnbaum Sales Co. Inc.

Tech-Ser, Inc.
..Compar San Francisco
.........Long & Assoc., Inc.

.................W. K. Geist Co.
Richard A. Strassner Co.

T. Louis Snitzer Co.
..................... Elliott...Recht Assoc. 
Components Sales Calif., Inc. 
........................T. Louis Snitzer Co. 
.................................. Tech-Ser, Inc.

Schwarzschild Assoc. 
..................... Jay Stone & Assoc.

............. O'Halloran Associates 

............. R. W. Thompson Assoc. 

........ ............Perlmuth Electronics 

...................McCarthy Associates 
..................................Tech-Ser, Inc. 
..................James S. Heaton Co. 
..........................Cain & Company 
......................T. Louis Snitzer Co. 

-...................... Costello & Co.

-------------  REPRESENTATIVE DIRECTORY

...............Long & Assoc., Inc. 
- G. H. Vaughan 
......Goodrich & Associates 
..............Perlmuth Electronics 
...........McCarthy Associates 
..............Wright Engineering 
.........—Jay Stone & Assoc. 

— Tech-Ser, Inc. 
Compar San Francisco 

Tech-Ser, Inc. 
........... Schwarzschild Assoc. 
...................... V. T. Rupp Co. 
.........O'Halloran Associates 
— Premmco, Inc. 

Long & Assoc., Inc. 
............Peninsula Associates 
— West Eleven, Inc.

Test Equipment Corp  
Thermal Systems, Inc  
Trak Microwave Corp  
Triconix Inc  
Tri-Ex Tower Company 
Tri mm Inc ................- —
Trygon Electronics, Inc................
Tucor Company -  
United Shoe Machinery Corp,  

Unitrode Transistor Corp  
Utah Research & Development Co., Inc.

— V/alter Associates 
W. K. Geist Co. 

----------------- Artwel Electric, Inc. 
---------------------Moxon Electronics 

The Thorson Company 
------ -------------- Neely Enterprises 
- Perlmuth Electronics 
—------------------- West Eleven, Inc.
------—------------ W. K. Geist Co. 
---------Richard A. Strassner Co.

......O'Halloran Associates 
McDonald Associates 

T. Louis Snitzer Co. 
Carl A. Stone Associates

Ward-Leonard Company  
Waters Corporation, The - —  
Waters Manufacturing, Inc..............-...........
Watkins-Johnson Co............................-
Wavetek............................................... —
Wayne-George Corp - — 
Weinschel Engineering, Inc............................
Weldmatic Div. of Unitek Corp...................
Welwyn ~ .............
WEMS. Inc. 
Wesco Electrical Co., Inc  
Wilk Instruments............................-
Wiltron Co  
Wincharger Corp. (Zenith Radio Corp.) 
Winchester Electronics, lnc.„ - — 
Winslow Electronics, Inc — 
Wyle Labs/Mfg. Div — —

MANUFACTURER/REPRESENTATIVE INDEX
RHG Electronics Laboratory............
Rohde & Schwarz Sales Co  
Rowan Controller Co  
Rutherford Electronics .

Sage Laboratories ........
Sanborn Company  
Sangamo Electronics Div....................
Scientific Data Systems.......................
Scott, Inc., H. H  
Sealectro Corporation  
Sensitive Research Instrument  
Shielding Division, Shieldtron, Inc. 
Sierra Electronic Div. of the Philco Corp. 
Singer Metrics (Panoramic Products).........
Solid State Products, Inc James S. Heaton Co. 
Somerset Radiation Labs . ....................Peninsula Associates
Sorensen ......................................... O'Halloran Associates
Sperry Microwave Company ..................McCarthy Associates
Sperry Rand, Electronic Tube Div Cain & Company 
Star-Tronics, Inc ............................... Richard A. Strassner Co.
Stevens-Evans, Inc .......................................... Tech-Ser, Inc.
Stevens Manufacturing Co Artwel Electric, Inc. 
Systems Research.. Moxon Electronics 
Systron-Donner Corporation Ault Associates 

  Tally Register Corp------------- ----------------------------------------Moxon Electronics
Tamar Electronics, Inc Premmco, Inc. 
Tech-Stok, Inc Tech-Ser, Inc. 
Telonic Industries and Engineering T. Louis Snitzer Co. 
Tenney Engineering, Inc The Thorson Company 

** ----------------------------------_V. T. Rupp Co.
Costello & Co. 

------------- Wright Engineering 
------------------------ Peninsula Associates 

R. W. Thompson Associates 
------------R. W. Thompson Associates 

-....................Moxon Electronics
-------------------- Wright Engineering

.............Premmco. Inc.
Compar San Francisco 
 The Thorson Company

Varian Associates, Recorder Division McCarthy Associates 
Velonex Ault Associates 
Vernistat Division Perkin-Elmer Corp Artwel Electric, Inc. 
Vidar Corporation Moxon Electronics 
Volumetries ....................................... Schwarzschild Assoc.

Laboratory for Electronics O'Halloran Associates 
Laser Systems/Lear Siegler, Inc. (Trion Inst.) Walter Associates 
Lavoie Laboratories, Inc McCarthy Associates 
Lind Instruments, Inc The Thorson Company 
Lion Research Corp Schwarzschild Assoc. 
Lockheed Electronics Ault Associates 
Lumatron Electronics, Inc Ault Associates

Magnetic Metals, Inc  
Marconi Instruments  
Maser Optics, Inc., Trident Div  
McLean Engineering Labs  
McLean Syntorque Corporation. .. 
Melabs ........................................
Melcor Electronics Corp  
Merrimac Research & Development 
Metron Instrument Co  ~
Micro-Power, Inc  
Mlcro-Tel Corp  
Microtran Company Inc  
Microwave Associates  
Microwave Electronics Corp, 
Microwave Technology, Inc. 
Mid Eastern Electronics, Inc. 
Millitest Corp  
Molecular Dielectrics  
Moseley Co., F. L  
Motorola, Inc  
MSI Electronics, Inc.

Narda Microwave Corp  O'Halloran Associates 
National ResisTronics, Inc Richard A. Strassner Co. 
Neff Instrument Company Ault Associates 
Nesco Instruments (Div. of Datapulse, Inc.) Schwarzschild Assoc. 
NJE Corporation Ault Associates 
North Atlantic Industries, Inc. Tech-Ser, Inc. 
North Hills Electronics, Inc G. H. Vaughan

Omni Spectra, Inc Walter Associates 
Optimation, Inc.  McCarthy Associates 
Oread Electronics Laboratory, Inc .

Pacific Data Systems  
Paradynamics, Inc  
Peerless Electrical Products  
Philbrick Researches, Inc., George A. 
Philco (Microwave Div.)  
Phillips Control Relays  
Physics Research Laboratories, Inc  
Plastic Capacitors, Inc  
Polarad Electronics......................................
Potter and Brumfield .
Precision Mechanisms Corp  
Probescope Company, Inc  
Pyrofilm Resistor Company, Inc

Qualify Transformer & Coil Co., Inc. 
Quan-Tech Labs

Radiation at Stanford .
Radiation Instr. Devel. Labs., Inc  
Raytheon - Distributor Products  
Raytheon (Industrial Division)  
RdF Corporation  
Reeves Soundcraft  
Remanco, Inc  
Rese Engineering, Inc  
Rixon Electronics, Inc ..........................

.................... Compar San Francisco 
.................................. Moxon.. Electronics 
............................. Peninsula...Associates 
..............................T. Louis Snitzer Co. 
.............................. T. Louis Snitzer Co. 
...........................Perlmuth Electronics

Components Sales Calif., Inc.
G. H. Vaughan 

Components Sales California, Inc. 
...................................Walter Associates 
................................. Walter..Associates 
.....................Richard A. Strassner Co. 
.............................. Elliott Recht Assoc. 

Jay Stone & Associates 
Walter Associates

Perlmuth Electronics 
.Components Sales California, Inc. 
................................Artwel Electric, Inc. 
.....................................Neely..Enterprises 
.............................Perlmuth... Electronics 
............ .......................Walter Associates
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* Actually 3,000 of 35,000 copies are distributed at WESCON. All others 
are mailed to IEEE and WEMA members in 11 western states, using highly 
selected, controlled lists available only to the Grid-Bulletin—IEEE’s own 
official WESCON magazine, jointly published by the SF and LA Sections 
only in July and August.

CLOSING DATES: June 10 for July issue, July 5 for August issue 
SEND insertion orders, copy, repros (no plates) to:

Rates are extremely low—$17 per K readers. Space demands are high; 
if your firm wants in, let us know right away!

IEEE GRID-BULLETIN, SUITE 2210, 701 WELCH ROAD, PALO ALTO 
415—321-1332

WHEN YOU
ADVERTISE IN

GRID-BULLETIN
YOU GET LOTS OF 

BONUS* READERS

historical notes
PERHAM FOUNDATION

Members of the section historical 
committee serving on the board of di­
rectors of the Perham Foundation are 
Earl Goddard, Varian Associates, 
president; Ralph Heintz, Jr., Stanford 
Research Institute, vice president; 
John Shaw, Stanford University, sec­
retary; and Tom Atherstone, treas­
urer.

The historical committee has em­
barked on a project to document the 
Perham collection and recently called 
for volunteers interested in assisting. 
For further details call Heintz at SRI, 
DA 6-6200.

may 15, 1963

WHSCOM
COW PALACE 

San Francisco

events of interest
IEEE

June 1 1-13—Nat'l Symp. on Space 
Electronics and Telemetry. Los An­
geles, Calif. Exhibits. Program. John 
R. Kauke, Kauke & Co., 1632 Euclid 
St., Santa Monica, Calif.

June 19-21—Joint Automatic Con­
trol Conf. Univ, of Texas, Austin, 
Texas. Exhibits: none. Program: Otis 
L. Updike, Univ, of Virginia, Char­
lottesville, Va. Proceedings. DL, 
9-30-62.

July 22-26—Fifth Internat'l Conf, 
on Medical Electronics. Liege, Bel­
gium. Exhibits. Program: Dr. L. E. 
Flory, RCA Labs., Princeton, N.J.

Aug. 20-23—WESCON (Western 
Elec. Show and Convention). Cow 
Palace, San Francisco, Calif. Exhibits: 
WESCON, 3600 Wilshire Blvd., Los 
Angeles, Calif. Program: same.

Aug. 27-Sept. 4—Second Cong., 
International Fed. of Automatic Con­
trol. Basle, Switzerland. Program: Dr. 
Gerald Weiss, EE Dept., Polytechnic 
Inst., 333 Jay St., Brooklyn 1, N.Y. 
Proceedings. DL, 6-1-63.

Sept. 9-1 1—Seventh Nat'l Conv. 
on Military Electronics. Shoreham 
Hotel, Washington, D.C. Exhibits: L. 
D. Whitelock, 5614 Greentree Rd., 
Bethesda 14, Md. Program: John J. 
Slattery, The Martin Co., Friendship 
Internat'l Airport, Md. Proceedings.

Sept. 18-19—Twelfth Annual Indus­
trial Electronics Symp. Michigan State 
Univ., E. Lansing, Mich. Exhibits: none. 
Proceedings: IEEE TRANSACTIONS 
on Industrial Electronics after con­
ference.

Sept. 24-27—Internat'l Telemeter­
ing Symp. London, England. Program: 
Dr. L. L. Rauch, Dept, of Aero Engr., 
Univ, of Michigan.
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Price: $465Model 320A
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Bandes Corolis

New BALLANTINE True RMS VTVM 
Measures 10 jjV to 320 V 

regardless of Waveform

You can read voltages 
with the same high 
precision and accuracy 
over the entire five inch 
logarithmic scale.

DC Output...........Proportional to mean square
of ac input, for connection to recorder; 
output IV; source resistance 1000 ohms

Power requirements.......................... 115/230 V,
50-420 cps 90W

Q 
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Nicholas J. Corolis has been ap­
pointed defense programs marketing 
representative for Motorola's military 
electronics division new- defense pro­
grams marketing offices for the San 
Francisco area, with offices at 701 
Welch Rd., Palo Alto.

w

Our accuracy specification 
of “2% of reading” is 
far more accurate over 
half the scale than for a 
linear meter rated at 
“1% of full scale."

SPECIFICATIONS

Amplifier. .Choice of balanced or single ended, 
5 cps to 4 Me, up to 90 db gain, 50 V into 
20K load

Accessory (optional)............. To measure up to
10,000 volts, use Model 1320 Multiplier 
(40 megohms, 3pF)

details on both portable and relay rack versions

"s,nce 1832"ItA BALLANTINE LABORATORIES 
Boonton, New Jersey

CHECK WITH BALLANTINE FIRST FOR LABORATORY VACUUM TUBE VOLTMETERS. REGARDLESS OF YOUR REQUIREMENTS FOR AMPLITUDE. 
FREQUENCY. OR WAVEFORM. WE HAVE A LARGE LINE. WITH ADDITIONS EACH YEAR. ALSO AC DC LINEAR CONVERTERS. CALIBRATORS. 
WIDE BAND AMPLIFIERS. DIRECT-READING CAPACITANCE METERS. AND A LINE OF LABORATORY VOLTAGE STANDARDS 0 TO 1.000 MC.

Write for brochure
Represented by Carl A. Stone Associates, 800 North San Antonio Road, Palo Alto, California

Fiji
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grid swings

IT IS REPORTED:
Dr. Herbert Bandes has been ap­

pointed director of research for Eitel- 
McCullough, Inc. He was formerly 
senior staff member with Arthur D. 
Little, Inc., at the San Francisco west­
ern region headquarters. Dr. Bandes 
will supervise the activities of the 
firm's three research groups: ad­
vanced research headed by Oskar 
Heil; special studies headed by Don­
ald H. Preist; and the process and 
materials laboratory headed by Rob­
ert Culbertson.
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Voltage Range...............................10 ^V to 300V
(to 10,000 V with optional accessory)

Frequency Range.......................... 5 cps to 4 Me
(3 db bandwidth is 2 cps to 7 Me)

Measures signals with Crest Factor....5 full 
scale to 15 down scale

Accuracy above 300 jlV, in % of READING AT 
ANY POINT ON SCALE, 2%, 20 cps to 400 
kc; 3%, 10 cps to 2 Me; 4%, 5 cps to 4 Me

Input Impedance.........10 megohms in parallel
with 11 or 27 pF

Write for brochure giving many more

a

David D. Meacham has been ap­
pointed sales manager of General 
Capacitor Co., Palo Alto, and will 
direct the marketing of the firm's 
high-power pulse components. He 
was formerly a project engineer with 

I the company.

I C. D. Perrine, executive vice presi­
dent, General Dynamics, Pomona, will 

j be chairman of the 1964 National 
Winter Convention on Military Elec­
tronics at the Ambassador Hotel, 

| February 5, 6, and 7.

James D. Tupac, head of comput­
ing services, the RAND Corp., has 
accepted chairmanship of the 1963

I Fall Joint Computer Conference to 
j be held November 12-14 in Las 

I Vegas.

Niiif7i7iiiif.il


WRITE FOR THESE t h e section
MEMBERSHIPSHIELDING BROCHURES

(1) SHIELDED ENCLOSURES

LoeberForster

(2) CLEAN ROOMS

Senior Member

Norman C. LoeberArthur G. Forster

Member
(3) POWER LINE FILTERS

(4) RFI SHIELDED AIR VENTS INDEX TO ADVERTISERS

15Ballantine Laboratories 

 6Beattie-Coleman, Inc

Ill 3Brill Electronics 

Back CoverGeneral Radio Company 

.10Granger Associates 

14Grid-Bulletin (5) SHIELDING CAPABILITIES

Inside Front Cover

1McDonnell 

IIMarket Street Van & Storage Inc.

11Massey's Temporary Service 

10M B Associates 
Associate

2  National Press 

10No. California Personnel 
SHI E LDI NG iiOstrander Associates 

16Optics Technology 

16Shielding, Inc. 

Inside Back Cover

9Technipower, Inc. 

9Tech-Stok, Inc. Company 

8Title 

Address 

State.City.

O, 19631 6 — grid in a y

NOW!

Facts on absolute 
environmental control 
tor science and 
industry. Includes 
module designs, 
flexibility features, 
custom y
engineering /
services. /

R.F. SHIELDED
AIR VENTS

ft. F. SHIELDED 
ENCLOSURES

POWER LINE 
FILTERS

ULTRA CLEAN 
facilities

T. Y. Y. Ching
J. A. Douglas

Lockheed Missiles
& Space Co

Sylvania Electronic
Systems 

OPTICS
TECHNOLOGY, 

INC

248 Harbor Boulevard 
Phone: LY 1-0358 (Area Code 415) 

Belmont, California

J. E. Muelder
O. W. Vogel, Jr.

A. J. Samberg
D. J. Senour
J. F. Smith. Jr.
D. A. Spaulding
W. J. Tobin
K. J. Vesey
R. E. Ziller

OIVI1IOK Of SHICLDTMOH . INC
MOORESTOWN. N. J.

43 52

J. M. Huish 
D. W. Kyle
C. C. Lo 
J. A. Lukes 
J. A. Mann
B. J. Maxum 
W. T. Miller 
L. L. Moon
L. G. Murphy
D. L. Nielson 
R. S. Robinson
M. E. Rovero
C. L. Rudd
D. E. Schliebus
N. E. Spaulding 
R. H. Stehle 
W. Stolte
M. C. Swionfek 
C. H. Ting 
J. D. Troffer 
J. A. Voss 
T. T. Webb 
H. E. Wolnowsky 
R. C. Yingling

Challenging 
(and rewarding) 
positions for qualified 
physicists and engi­
neers are now available 
in the following areas 
of research and 
development:
• Electro-Optical

Instrumentation
• Fiber Optics

(including Glass 
Technology)

• Image Intensification
• Lasers
• Medical Optics
• Photoelectronics
• Thin Films

Write or phone: 
Personnel Office

1

Name 

R. J. Chow
W. T. Farrish
A. L. Johnson
J. M. Lav/
R. N. Miller
D. M. Patterson
G. C. Porter

Tung-Sol Electric Inc. 

Western Gold & Platinum Company .. 1

Valuabledataon highly 
reliable, no oil-leak 
filters. Used in all 
RFI enclosures and y  
other industrial / 
applications. / 
Meets MIL Specs.

J. W. Ames
D. E. Baker 
F. Behr 
Richard O. Bischoff

A. Burzio 
J. A. Calvert
F. C. Cameron 
Donald L. Carpenter 
W. Chu 
C. D. Clift
R. J. Cowart
S. D. Cox
G. B. De Bella 
R. Disman
J. F. Eaton
B. A. Euler 
W. Evans
I. A. Fujishin
K. R. Gielow
E. L. Harris. Jr.
H. Hasin
L. G. Holmes
M. Hom
J. J. Y. Huang

D. H. Ziegler

A “must" brochure. 
Picturesand describes 
Shielding’s leadership 
in products, capa­
bilities, facilities, 
and experience in j
creating and 4
controlling 
environments.

RFI modules tested for 
high and low impedance 
fields from .010 to 
10,000 me. Also, 
separate folder on 
effective magnetic 
shielding at 
frequencies as 
low as 60 cycle.

Wave-guide air vents 
permitting ample 
ventilation in 
shielded 
enclosures, but , 
prohibit passage / 
of RFI, in or out. ft 
Many uses. /

Following are the names of mem­
bers who have recently been trans­
ferred to a higher grade of member­
ship as noted:

Attn: Advertising Mgr. Please send me the fol­
lowing SHIELDING brochures:

Following are the names of indi­
viduals who have been elected to 
current membership:



I

8157

■
I

I

I

SYLVANIA ELECTRONIC SYSTEMS-WEST
P.O. Box 205 • Mountain View, California 

An Equal Opportunity Employer

►YLVANIA ELECTRONIC SYSTEMS 
Goxvmment Systems Management

Ar GENERAL TELEPHONE i ELECTRONICS

ARMS CONTROL
To the scientific mind the subjects of arms control and disarmament present a compelling challenge. Under 
the U.S. Arms Control and Disarmament Agency, SES-West is meeting this challenge... evaluating many areas 
of arms control, including inspection systems to verify various 
possible arms control and disarmament measures.
Other phases: analyzing and evaluating future space weapons 
concepts, studies of sensor capabilities, design of international 
security systems.
Openings for key men now exist in information collection systems, 
operations analysis, analysis of future space technology, and data 
processing methods. If you are interested, inquire in confidence 
to Sylvania Electronic Systems-West, attention: Ed Quattrocki.



STANDARD
Sweep-Frequency Generator

CW Generator

Attenuator

★

a high-level swept

AWrSc OUTPUT

~ -

40-80 Me
65-140 Me

100-230 Me

permits 
measure- 

0.5% di­

drives frequency counters directly for ac­
curate measurements of low-level devices.

Sweep 
Generator

Marker
Generator

4-8 Me
7-14 Me

13-26 Me
24-48 Me

Sales Engineering Office in SAb^ 
T.l'715’ ^48-8233

or»n>T

and 
Output 
Meter

General Radio 
(Oversail) 

Zurich, Switzerland

IN CANADA
(Toronto) 246-2171

GENERAL RADIO COMPANY
w E S T C ONCORD, MASSACH U S E T T S

ojrnrr'mSotmcc

* Meter measures both rf input and detected 
output of device being tested.

* Instantly converts 
operation for 
measurements

* Covers 0.7 to 230 Me in ten overlapping 
octave ranges plus two bandspread ranges 
(400 to 500 kc and 10.4 to 11 Me).

* Accessory high-impedance detector probe 
supplied with instrument simplifies re­
sponse measurements — minimizes circuit 
loading.

‘What signal generators are to oscillators
this instrument is to sweep generators”

... /fl One Instrument .. .Everything you need
for Quantitative Frequency Response Measurements

★ Accurate —frequency calibration ±0.5% of reading.

★ Stable ... no annoying drift of displayed response. 
Low residual fm permits investigations of steep 
response slopes.

★ Motor-driven capacitor produces l ------’ - .
signal free from harmonic distortion and spurious 
outputs.

★ No awkward interactions between controls.

★ Low leakage permits measurements to 0.3mV.
★ Accurate, 120-db attenuator has low 1.01 VSWR.

Has the “perfect marker” . . . continuously 
adjustable both in frequency and ampli­
tude . . . accurately calibrated in frequency 
and amplitude . . . lets you take data 
directly from display . . . does not interfere 
with response display...a single unambig­
uous marker, nqt a confusing string of pips.

2* Marker 
frequcncy 
menls to,P I § N| rectly from display.

uimmi rouutrrr 
eoxmvxe HiwSiomcTM

'<£) ’S 1

from sweep to cw 
accurate point-by-point 

without changing adjust­
ments or connections. Separate output

&

A

Type 1025-A Standard 
Sweep-Frequency Generator

Price: $3250 in U.S.A.

------ I FRANCISCO: 1186 Los Alios Avenue, Los Altos, Colifornio

Jom.lG.Hu„ey-

Ranges: 
0.7-1 4 Me
1.3- 2.6 Me
2.4- 4.8 Me

Bandspread Ranges: 400 Io 500 kc and 10.4 
to 11 Me. Other ranges available on special order. 
Sweep Width: Entire selected range is swept. 
However, visual presentation of swept range can be 
expanded Io permit full oscilloscope display of 
portions of range as small as 10% with EXPAND 
DISPLAY and DISPLAY START controls.
Selected range is swept from low end to high end 
in 22.2 msec twenty times a second Output is 
blanked off during return sweep. A saw-tooth 
sweep voltage is provided which is synchronized 
with frequency, and adjustable in starting point 
and amplitude (DISPLAY START and EXPAND 
DISPLAY controls, respectively).
Stability: Drift less than *0.1% for frequency 
for 5 hours after one-hour warm-up. Frequency 
dial accuracy is within *0.5%.
Marker: Continuously adjustable from 3mv to 
lv; multiplier effectively extends range to lOOv. 
Accuracy of indication is typically better than 
±10%. Shape and width of marker permit resolu­
tion to better than *0.1% of indicated frequency. 
RF Output: Adjustable from 0.3^v to lv behind 
50 ohms ( — 123 to 7 dbm power Into 50 ohms.) 
Output is flat to within *1% up to 100 Me and 
within *3% up to 230 Me. RF amplitude indicated 
to a typical accuracy of better than *10%.




