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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) 
 
APRIL, 1961: 
Cover: Several conferences are arriving on the West Coast, as noted on 

the cover.  One of them (lower‐left) is the Electronic Components 
Conference –being held in San Francisco.  Sponsors include the 
AIEE and the IRE.  This year’s program starts on page 12.  William 
(Bill) Shockley, Nobel laureate for his Bell Labs invention of the 
transistor, is a keynote speaker.  Full registration is $23.  This 
conference started in 1950; the IRE’s Transactions on Component 
Parts grew out of this conference, starting in 1954.  This became 
the journal of the Electronics Packaging Society (of which I was 
vice president for 22 years), as shown in the diagram below.     

p. 14: We’re used to seeing “The Dish” on the hills behind the Stanford 
campus, next to 280 – but at one time it was new.  The IRE Group 
on Military Electronics set up an after‐work drive up to the 
Stanford Research Institute (SRI) radar dish, to inspect the site and 
installation.  It was used as a space research tool, especially for 
the nature of our sun, and also to communicate with deep‐space 
probes. 

p. 18: The IRE Group on Engineering Management heard 
more about the founders of Melcor, an early self‐
funded startup (1956).  Two founders are of special 
note.  C. Lester Hogan, at Bell Labs under Shockley, 
invented the microwave gyrator, and later become 
president of Fairchild Semiconductor.  Jack Melchor 
went on to become a venture capitalist (ROLM, 3‐
Com) and chair of the SF Section of IEEE.  At this 
meeting, entitled “The Technical Entrepreneur”, Jack 
discusses how startups are formed, what is the best 
timing, and how to attract key technologists. 
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From 
BOMAC

VARIAN ASSOCIATES, INC.
S-F-D LABORATORIES, INC.
VARIAN ASSOCIATES OF CANADA, LTD.
SEMICON ASSOCIATES, INC.
SEMICON OF CALIFORNIA, INC.
VARIAN A.G. (SWITZERLAND)

68.75-70.75 kMc

B E VE R LY 16, MASSACHUSETTS
A Varian Subsidiary

BLP-017D Duplexer 
(shown half again actual size)

Bomac Laboratories presents a 4.3 Millimeter Balanced Gas 
Switching Duplexer... an industry first from Bomac’s advanced 
development in radar and microwave components.
The BLP-017D duplexer is the first ever designed for 4.3 mm operation. 
This rugged short-slot hybrid duplexer assures reliable service under 
severe environmental conditions. Operable in excess of 500 hours, 
at temperatures from -40° to 4-85° C. It’s lightweight-weighs less 
than 4 oz. And it’s small: volume, only 1.4 cubic inches.
Switches 15 kW peak power at 0.0006 duty cycle. Available in many 
configurations to meet customer requirements.
Applicable to high definition radar systems.

Electrical Characteristics:
d 68.75-70.75 kMc q 2.0 ys Recovery Time
ci 0.005 erg Spike Leakage □ 5.0 mw Flat Leakage
□ 0.9 db Duplexer Loss a 1.3VSWR

You'll want to knozv more about the BLP-017D Duplexer, 
and other quality Bomac microwave tubes and 
components. Write for technical literature.

laboratories, inc.
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IRON POWDER CORES...
COMPLETE RANGE OF SIZES AND SHAPES

I Arnold offers you the widest range of 
shapes and sizes of iron powder cores 

| on rhe market.
In addition to toroids, bobbin cores 

and cup cores —typical groups of which 
are illustrated below—Arnold also pro
duces plain, sleeve and hollow cores, 

I threaded cores and insert cores, etc., to 
suit your designs. Many standard sizes 
are carried in warehouse stock for 
prompt shipment, from prototype lots 

I to production quantities. Facilities for

E

special cores are available to order.
The net result is extra advantage and 

assurance for you. No matter what 
shapes or sizes of iron powder cores 
your designs require, you can get them 
from a single source of supply—with 
undivided responsibility and a single 
standard of known quality. And 
Arnold’s superior facilities for manufac
ture and test assure you of dependably 
uniform cores, not only in magnetic 
properties but also in high mechanical

strength and dimensional accuracy.
• For more information on Arnold iron 
powder cores, write for a copy of our 
new 36-page Bulletin PC-109A. The 
Arnold Engineering Company, Main 
Office and Plant, Marengo, Illinois.

ADDRESS DEPT. TG-4

^ARNOLD 
SPECIALISTS in MAGNETIC MATERIALS

SAN FRANCISCO, Office: 701 Welch Road, Palo Alto, Calif. 
Telephone: DAvenport 6-9302



NOW

MODEL 8011A MILITARIZED DIFFERENTIAL DC VOLTMETER

Designed for continuous operation

Designed for extended storage

ONE PIECE CASE PARTIAL SPECIFICATIONS

Prices and data subject to change without notice

IFLUKEI
4 — g rid

0

Combination transit and instru
ment case of deep drawn alum
inum construction protects the 
electronic circuitry from dust, 
moisture and drafts. This unique 
feature enables the Model 8011A 
to provide laboratory perform
ance under the most severe en
vironmental conditions.

NULL SENSITIVITY RANGES 
MAXIMUM METER RESOLUTION 

INPUT RESISTANCE 
DIMENSIONS 

WEIGHT 
PRICE

VOLTAGE RANGES.
ACCURACY:

JOHN FLUKE IVIFG. CO., INC. 
MOUNTLAKE TERRACE, WASHINGTON

±0.5. 5, 50 and 500V DC
±0.05% from 0.1 to 500V
±0.1% of input voltage or 50uV, whichever is 
greater below 0.1V
10V, IV, 0.1V&0.01V
50uV
Infinite at null from 0 to 500V
Case covered, IP/2" high, 19" wide, 19 W' long
57 pounds complete
Available on request

ap ril 1 961

Meets all environmental requirements of MIL-T-945A

—from —54 C to 4-65 C 
—with 95% relative humidity 
—up to an altitude of 10,000 feet 
—from —65' C to4- 85°C 
—with 100% relative humidity 
—up to an altitude of 50,000 feet.

FEATURES
□ Accuracy of 0.05% of input voltage from 0.1 to 500 volts. □ Eight search and VTVM ranges.
□ Infinite input resistance at null. □ Four potentiometric ranges.
□ No zero adjustments. □ Temperature controlled Zener reference.
Model 8011A is a true potentiometer built to provide accurate voltage measurements under adverse 
environmental conditions. Housed in a light grey enameled combination case, it is portable, and vir 
tually impossible to damage by overload □ Chopper stabilized null detector, precision Kelvin-Varley 
resistors (hermetically sealed in oil), temperature controlled Zener reference, and drift free 500 volt 
reference supply, all contribute to the outstanding performance of this instrument □ For your applica
tion requiring accuracy, reliability, plus ease of operation specify the John Fluke Model 8011A.

easy —0.05% voitage measurement 
under severe environmental! conditions
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May 2, 3, and 4.
Local color for each appears on our 

cover, the background photo having 
been provided by courtesy of Litton In
dustries, electron tube division. Further 
details on the affairs including the com
plete program with abstracts of the lat
ter will be found on succeeding pages.

Two events of technical interest con
cern us in the period immediately 
ahead: first in terms of time, the Sev
enth Region Technical Conference and 
Electronic Exhibits in Phoenix, Arizona, 
April 26, 27, and 28; second, the 1961 
Electronic Components Conference at 
the Jack Tar Hotel in San Francisco,
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Peter F. Spencer

--- PETER F. SPENCER HAIRMAN, PGRfl
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we learned to employ 
highly selective tun-

Radio interference problems are not 
new, indeed they have existed since the 
early days of radio when crystal sets 
were the latest thing. As receiver de
signs improved, 
such techniques as 
ing, frequency conversion, squelch cir
cuits and, in f-m limiter circuits, all of 
these developments helped to lessen 
the adverse effect of interference in 
communications equipment. As the pop
ulation density of electronic equipment 
increased, the problems created by rfi 
grew right along with it. In fact, as the 
number of electronic equipments which 
are susceptible to rfi increased, radio 
interference became a misnomer. Radar 
systems, computers, autopilots, guid
ance systems, telemetry, and other elec
tronic devices became prey to radio in
terference. The term was then changed 
to radio-frequency interference, which 
is a more apt term. As with many other 
technical problems of a specialized na
ture, a whole new field of endeavor 
has evolved to combat rfi.

This work has received much encour
agement and impetus from the military 
services. Their interest was spurred on 
by many experiences during World War 
II that demonstrated all too dramatic
ally the seriousness of the problem as 
a threat to successful military missions. 
Naval vessels forced to repair the dam
ages of naval engagements were in 
danger of revealing their position to 
the enemy by the use of electric hand

So important is the consideration of 
rfi in the initial stages of design, some 
late specifications require subcontractors 
to submit to the procuring agency a rfi 
control plan. This document is to outline 
proposed steps for overall control and 
reduction of rfi as equipments progress 
through design, prototype, and produc
tion stages.

In order to cope adequately with oil 
these developments, engineers hove 
had to re-educate themselves in this 
highly specialized field. Toward this 
end, we have, of late, seen many ar
ticles dealing with rfi problems in the 
trade journals. Professional societies 
and independent groups have formed 
committees to investigate rfi problems 
and to generate, accumulate, and dis
seminate information on this subject. 
PGRFI is one of these groups, but, of 
course, operates under the auspices of 
IRE. This position has obvious advan
tages. Through the Proceedings, we can 
reach most of the people interested in 
rfi. We can participate in the IRE Show 
and WESCON and regional conferences- 
in addition, we can conduct national 
symposia specifically dedicated to rfi 
problems. In this work we feel that 
PGRFI is making a profound contribu
tion to the advancement of electronic 
science and toward that end, we pledge 
our greatest effort. |

tools and electric welding equipment 
Communications nets and radar systems 
were rendered ineffective by jamming 
techniques and, in some cases, by unin
tentional interference generated by such 
devices as d-c motors, universal series 
wound a-c motors, adding machines, 
calculators, radar sets, ignition systems 
on vehicles, and a host of others.

Thus, the nature of rfi problems had 
undergone a metamorphosis; no longer 
was this a casual nuisance to communi
cations; it had become a serious threat 
to our electronic society. It was obvious 
that something must be done to correct 
the problem. The military services and 
FCC began to tighten the requirements 
on electronic equipments. A whole new 
series of rfi specifications were issued in 
order to standardize methods of meas
urement, instrumentation, and other fac
tors influencing repeatability and accu
racy of measurements.

In addition, the limits of rfi, both 
conducted and radiated, were reduced. 
The frequency range was extended, 
new requirements and measurement 
techniques were included. The new lim
its were so low that shielded rooms 
with high-performance line filters were 
needed to assure low ambient levels. 
The new requirements, coupled with the 
ever-increasing trend toward miniaturi
zation of equipment, quickly illustrated 
the folly of pursuing circuit and pack
aging designs with no regard to inter
ference requirements.



j 3©K1 h05 them in stock!

DEEP-DRAWN CONSTRUCTION

MODIFIED TO YOUR SPECIFICATIONS

TOOLING IS ON HAND FOR 2000 SIZES

MANY OF THESE ARE IN CURRENT STOCK

i ,i 1
IMATERIALS: ALUMINUM, BRASS, COPPER, STEEL, 

MU-METAL, STAINLESS STEEL, NICKEL SILVER, MONEL

Hudson Tool & Die Company • Inc.
18-38 Malvern Street, Newark 5, New Jersey

Telephone: MArket 4-1802 
Teletype: NK 1066

Call Today for Your 72 Page Catalog Covering all Standard Cans and Covers 
Sales Representative: John E. Striker Co. - San Carlos - LY 1-0736



REPORTERS MEETBNG CALENDAR
Friday, April 218:00 P.M. ©

PROFESSIONAL GROUPS

Wednesday, April 198:00 P.M. O

april 1961
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BIO-MEDICAL ELECTRONICS
Harmon H. Woodworth, Stanford Re

search Institute

SAN FRANCISCO SECTION
(Joint meeting with Student Chapter)
"Computer Design from the User Standpoint"
Speaker: Dr. Walter F. Bauer, manager of information systems depart

ment, Ramo-Wooldridge, Los Angeles
Place: Officers' Club, Naval Postgraduate School, Monterey, Calif.
Dinner: 7:00 P.M. (Social Hour 6:00 P.M.), Officers' Club
Ladies welcome

EAST BAY SUBSECTION o Monday, April 24
Talks and tour of Air Route Traffic Control Center, Fremont 
Reservations: June Edwards, HI 7-1 100, Ext. 84203

Antennas & Propagation 8:00 P.M. o Wednesday, June 7
"Interactions of a Plasma with Microwaves—Some Recent Experiments" 
Speaker: Prof. R. S. Elliot, U.C.L.A.
Place: Room 101, Physics Lecture Hall, Stanford University
Dinner: 6:30 P.M. (Social Hour 6:00 P.M.), The Red Shack, 4085 El Camino 

Way, Palo Alto
Reservations: Odette Moore, DA 6-6200, Ext. 2414, by noon June 7

PRODUCTION STAFF

ASSOCIATE EDITOR—Mary Haylock

EDITORIAL ASSISTANTS—
Emma Scarlott, Marjorie Silva

BROADCASTING
H. W. Granberry, General Electric Co.

CIRCUIT THEORY
R. C. Kiessling, ITT Laboratories

COMMUNICATIONS SYSTEMS
Kenneth P. Patterson, Sperry Gyro

scope Co., Sunnyvale
ELECTRON DEVICES

Richard Borghi, Hansen Microwave
Laboratory

ELECTRONIC COMPUTERS
John Boysen, Lockheed MSD

ENGINEERING MANAGEMENT
Leonard M. Jeffers, Sylvania EDL

ENGINEERING WRITING & SPEECH
Douglas Dupen, Associated Techdata, 

Inc., Palo Alto
INSTRUMENTATION

Les Burlingame, Lenkurt Electric Co.
MICROWAVE THEORY & TECHNIQUES

Frank Barnett, Hewlett-Packard Co.
MILITARY ELECTRONICS

Jerome J. Dover, Ampex Military 
Products Co.

PRODUCT ENGINEERING &
PRODUCTION

W. Dale Fuller, Lockheed MSD
Olof Landeck, Electro Engineering 

Works

RADIO FREQUENCY INTERFERENCE
R. G. Davis, Lockheed MSD, Palo Alto

RELIABILITY AND QUALITY CONTROL
Rudy Cazanjian, Sylvania Electronic 

Systems, Mountain View

SPACE ELECTRONICS & TELEMETRY
Robert D. Baker, Granger Associates

INSTITUTIONS
D. J. Angelakos, Cory Hall, Univer

sity of California, Berkeley 4
HISTORIAN—William R. Patton, Varian 

Associates, Palo Alto

Antennas & Propagation 8:00 P.M. o Wednesday, May 10
"Application of Log-Periodic Antennas to High-Frequency Communica

tion"
Speaker-. Dr. Ray Justice, Granger Associates
Place: The Red Shack, 4085 El Camino Way, Palo Alto
Dinner: 6:30 P.M. (Social Hour 6:00 P.M.), The Red Shack
Reservations: Odette Moore, DA 6-6200, Ext. 2414, by noon May 10

Circuit Theory 8:00 P.M. o Wednesday, May 3
"Synthesis of Passive Networks for Networks Active at Po"
Speaker: R. W. Newcomb, Stanford University
Place: Lockheed Auditorium, 3251 Hanover Street, Palo Alto

EAST BAY SUBSECTION
John Lavrischeff, Lawrence Radiation 

Laboratory
Hugh Gray (Photography) Hugh Gray 

Co., San Francisco

PROFESSIONAL GROUPS
ANTENNAS & PROPAGATION

Tetsu Morita, Stanford Research
Institute

Bio-Medical Electronics
"The Biological Effects of Air Ions"
Speakers: Paul Andriese and Sadao Kotaka, department of bacteriology, 

University of California
Place-. Room M-l 12, Medical School Building, Palo Alto-Stanford Univer

sity Medical Center. Room M-l 12 is located in the courtyard of the 
wing in the Center nearest Hoover Tower. Approach from Palm Drive 
on Stanford Campus, the extension of University Ave., Palo Alto

Dinner: 6:00 P.M., Red Cottage Restaurant, 1706 El Camino Real, Menlo 
Park

Reservations: Ken Gardiner, DA 6-6200, Ext. 2659

AUDIO
Stanley Oleson, Stanford Research

Institute

WESCON at work. John Granger, 
Granger Associates, convention direc
tor, addresses a working meeting oj 
WESCON committee chairmen. Oth
ers, recognizable, Secretary Jeannt 
Ho ward and, foreground, with water 
glasses, Glenn A. Walters, vice chair 

man, cocktail party committee

RE I takes on impressive characteristics 
at the GE paw er tube department, Palo 
Alto. King-sized filter, possibly worlds' 
largest, will absorb harmonic and 
spurious signals in high-power micro
wave radar application. More familiar 
proportions are displayed by GE sec

retary, Judy Lamb, top

SAN FRANCISCO SECTION
William Luebke, Eitel-McCullough, 

San Carlos



MEET0NG CALENDAR

Thursday, May 1 88:00 P.M.

Wednesday, April 19

O Wednesday, April 19
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Instrumentation
Annual meeting and field trip
"Innovations in Test Instrumentation"
"Speaker: Clay Rasmussen, manager, instrumentation section, Lenkurt 
Place: Lenkurt Electric Co., 1 105 Old County Road, San Carlos 
Dinner: 6:30 P.M., The Gold Platter, 1000 El Camino Real, San Carlos 
Reservations: DA 1-7751

I

Reliability & Quality Control 8:oo p.m.
(Joint meeting with PGPEP, see above)

april 1961

CHRONOLOGICAL RECAP
April 19—Bio-Medical Electronics, Product Engineering & Pro- 

duction/Reliability & Quality Control
April 21—San Francisco Section/Student Chapter
April 24—East Bay Subsection
April 25—Electronic Computers
May 3—Circuit Theory, Military Electronics
May 10—Antennas & Propagation
May 18—Instrumentation
June 7—Antennas & Propagation

Military Electronics 8:30 P.M. O Wednesday, May 3
Plant tour: 6:00 P.M. (Meet at the intersection of Junipero Serra Blvd.

and Frenchman's Road. Frenchman's Road is approximately 3A mile 
northwest of Page Mill Road. Auto caravan will leave from this point) 

"Stanford Research- Institute's Radar as a Space Research Tool" 
Speaker: George Parks, Stanford Research Institute
Dinner: Immediately following tour and inspection of Stanford Research 

Institute's giant radar facilities, The Red Shack, 4083 El Camino Way, 
Palo Alto

Reservations: DA 6-7053 by 5:00 P.M., May 1

w e s c o n news
INDUSTRIAL DESIGN COMPETITION
Deadlines have been established for 

the Third Annual Industrial Design 
Award Competition to be held in con
nection with the 1961 Western Elec
tronic Show and Convention at San 
Francisco's Cow Palace next August 22 
to 25.

Carl J. Clement, Jr., of Hewlett-Pack
ard Co., chairman of the Industrial De
sign activity, has announced a closing 
time of midnight on Friday, May 12, 
for posting entries to be judged for in
clusion in the show.

Clement and his committee have 
asked for photographs of components, 
instruments, systems, and other elec
tronic products which show evidence 
of original industrial design effort.

Submissions must be products of 
WESCON exhibitors, members of the 
Western Electronic Manufacturers Asso
ciation, or companies exhibiting in 
booths of authorized representatives.

Still other conditions of acceptance 
are: products in the competition 

(Continued on page 10)

Electronic Computers 8:00 P.M. ® Tuesday, April 25
"Philosophy and Practice of Display Systems, both Military and Com

mercial"
Speaker: Robert C. Schneider, advanced systems division, IBM 
Place: Lockheed Auditorium, 3251 Hanover Street, Palo Alto 
Dinner: 6:00 P.M., The Red Shack, 4085 El Camino Way, Palo Alto 
Reservations: None required

New word in space electronics is "un
purlability.” This refers to erection of 
items like this 8-ft log-periodic an
tenna held by Emmanuel Blasi from 
tiny package shown by technician 
Lenny Gutierrez, both of Lockheed 
missiles and space division. Pressuring 
function is derived from familiar New 
Year’s Eve party favor known to the 

trade as a "blowout”

Product Engineering & Production 8:00 p.m. 
(Joint meeting with PGRQC) 
"Semiconductor Reliability, Project Virtue" 
Speaker: W. P. Cole, Lansdale Tube Division, Philco Corp. 
Place: Room 101, Physics Lecture Hall, Stanford University 
Dinner: 6:00 P.M., Woodlands Restaurant, Stanford Shopping Center 
Reservations: M. Muca, YO 8-6211, Ext. 2282, by noon, April 18

professional groups 
NUCLEAR SCIENCE

According to an item gleaned from 
the Newsletter for the Professional 
Group on Nuclear Science, the San 
Francisco area is now being polled to 
determine the extent of interest toward 
a chapter of PGNS. If you are interested 
and have not been contacted, it might 
be well to get word to the Section Of
fice in Palo Alto.
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ERMA’s new home is General Electric 
Phoenix facility, on the field-trip sched-

phoenix

w e s c o n news
DISTRIBUTOR-REP-MANUFACTURERS 

CONFERENCE
Enlarged space and increased activ- 1 

ity figures in planning for the Distrib- ' 
utor-Representative-Manufacturers Con
ference in association with the 1961 
Western Electronic Show and Conven
tion in San Francisco this August.

Elvin Feige, chairman, has announced 
location of the conference at the Jack 
Tar Hotel for Monday, August 21, and 
an all-day program starting with break
fast and concluding with a dinner.

Morning and afternoon sessions will 
provide twenty 15-minute periods of 
table conferences for distributors to 
meet with manufacturers and their pur
chasing and sales agents.

Topics to be covered under the first 
category include spectrum manage
ment, new problems in frequency in
terference, interference analysis tech
niques, and conservation and interfer- 
ece elimination. In the field of process 
controls, control theory, magnetic logic, 
computer controls, process control in
strumentation, and other topics will be 
covered. A total of nearly 40 technical 
papers will be presented.

Among the San Francisco Section 
members appearing on the program are 
C. Wesley Carnahan, Varian Associates, 
Seventh Region Director, who will pre
sent the introduction to the Conference 
at Session I,- R. C. Dorf, M. C. Farren, 
and C. A. Phillips of the U. S. Naval 
Postgraduate School, Monterey; Dr. Ed
win K. Van de Riet, Stanford Research 
Institute; Harold R. Jones, Eitel-McCul- 
lough, Inc.; William J. Fleig, Microwave 
Electronics Corp.; and Roy M. Tidwell,

Sandia Corporation, Livermore; all o 
whom appear on the program a: 
authors.

Over 300 electronic exhibits will pre
sent an outstanding display of com
mercial equipment, providing a unique 
opportunity for IRE members and guests 
to view latest advancements in this 
field. Both the exhibits and conference 
sessions will take place in the Westward 
Ho Hotel.

The Honorable Paul Fannin, governor 
of Arizona, will deliver the welcoming 
address at a luncheon planned for the 
opening day. Feature speaker for this 

(Continued on page 12)

ule at the Seventh Region Conference 

Universial automatic pilot developed for the 
Army by Sperry Phoenix Co. gets prototype 
testing in typical Arizona scenery. Six-hundred- 
pound load swinging beneath Army El21 heli
copter provides forces attempting to "upset" 

control equipment

at the
Clement said.

Clement has been joined by Jack 
Stringer of International Business Ma
chines Corp., San Jose, vice chairman, 
and a group of other prominent indus
trial designers in the San Francisco Bay 
Area to plan and execute the Industrial 
Design show for WESCON.

Entry forms are available from the 
WESCON Business Office at 1435 South 
La Cienega Blvd., Los Angeles 35.

MORE WESCON
have been marketed prior to this May 
12 and must not have received WES
CON Industrial Design awards previ
ously.

Clement explained that submitted 
photographs will be judged by a pro
fessional panel for inclusion in the 
show, whereupon production samples 
will be invited for display. Products 
not suited to space restrictions or trans
portation may be represented photo
graphically.

A jury of judges, practicing industrial 
designers independent of the WESCON 
committee, will make selections on three 
criteria—visual clarity of function, ease 
and safety of operation, and appro
priateness of appearance.

Awards of excellence will be made 
time of WESCON's opening.

1961
7TH REGION CONFERENCE

The annual Conference and Elec
tronics Exhibit of the IRE 7th Region 
will be held in Phoenix, Arizona, April 
26, 27, and 28. Conference and exhibit 
headquarters will be the Westward 
Ho Hotel, 618 North Central Avenue. 
George T. Royden, IRE Fellow, is Con
ference Chairman.

The technical program will concen
trate on two major themes: "Problems 
Associated With Increased Use of the 
Electromagnetic Spectrum," and "Elec
tronic Process Control and Instrumenta
tion." Program chairman is Dr. H. Wil
liam Welch, Jr., director of research and 
development for the Motorola military 
electronics division. Eleven separate 
technical sessions will be devoted to 
the presentation of selected papers on 
these two subjects.
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INERTIAL
ENGINEERING INGENUITY

LITTON SYSTEMS, INC.
GUIDANCE & CONTROL SYSTEMS DIVISION 
Beverly Hills, California

april 1961

The Litton LN-3 Inertial Navigation System is a system in being. Production orders for 
this system to be used in the F-104 are, to the best of our knowledge, larger in number 
than those for any other inertial guidance system. The LN-3, consisting of a two-gyro, 
four-gimbal platform, computer, adapter, and controls, weighs less than 80 pounds 
installed. Even smaller systems, designed for orbital and sub-orbital guidance, are in 
development. These will weigh less than half as much as systems now in production.

Do you have experience applicable to the integration of developmental inertial guid
ance and computer sub-systems into functioning prototype systems? Can you evaluate 
performance in such systems with a view toward increasing system capabilities even 
further? If so, contact Mr. Donald A. Krause of our Research and Engineering Staff 
regarding your interests. You can share in generous employee benefits, including stock 
purchase and tuition-paid education plans. Relocation assistance is provided.
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SESSION I 
TRANSISTOR AND SOLID STATE 

DEVICES

conference
PROGRAM

electronic
BITS AND PIECES

Tuesday, May 2 

10:00-12:00 A.M.

Tuesday, May 2 
12:15-1:45 A.M

BASIC AND APPLIED RESEARCH AND 
COMPONENT DEVELOPMENT

FAST RECOVERY FOUR-LAYER DIODES
K. Hubner, G. Weckler, and R L. Biesole, Shock- 

ley Transistor, Mt. View, California

Tuesday, May 2
9:00 A.M.

NEW COMPONENTS AND THEIR IMPACT 
ON OUR FUTURE

Keynote speaker: James Bridges, Director, Of
fice of Electronics, Director of Defense, Pen
tagon

april 1961

Dr. William Shockley, Shockley Transistor Unit 
of Clevite Transistor Corp., Mountain View. 
California—Nobel Prize winner for transis'on 

(Continued on page 14)

Concurrent with the Conference and 
Exhibit, the board of directors of the 
IRE will convene in Phoenix on the 28th 
of April, the only board meeting sched
uled to take place outside New York 
during 1961. Also scheduled for this 
period is a meeting of the national IRE 
executive committee, the WESC0N 
board of directors, the 7th Region Com
mittee, and the 7th Region education 
committee. For further information con
tact the Conference chairman at 912 
West Linger Lane, Phoenix, Arizona.

I
Hugh C. Ross, Jennings Radio Mfg. 
Corp., general chairman, 1961 Elec

tronic Components Conference

■r
William F. Alain, Lockheed missiles 
and space division, technical program 
chairman, 1961 Electronic Components 

Conference

The design of a stable high-voltage supply is 
usually complicated by the temperature drift of 
solid-state components. Various parameters of the 
transistor, for instance, have been found which 
change significantly with temperature. The col- 
lector-to-emitter current with base open and the 
collecto-to-base current with emitter open both 
increase with temperature. The change of base-to- 
emitfer voltage with temperature is also signi
ficant.

MORE 7TH REGION

April 26 luncheon will be Dr E. Finley 
Carter, president of the Stanford Re
search Institute. At the President's 
Luncheon, on April 27, Dr. Lloyd V. 
Berkner, IRE president, member of the 
space science board of the National 
Academy of Science and president of 
the Graduate Research Center, Inc, 
Dallas, Texas, will deliver the principal 
address. Berkner was for many years 
president of Asociated Universities Inc., 
directing the work of the Brookhaven 
National Laboratory.

A number of social activities are 
planned, including a western-style party

Three themes and four sponsors 
stand behind the 1961 Electronic Com
ponents Conference running for the 
three days of May 2, 3, and 4 at the 
Jack Tar Hotel, San Francisco.

The three themes are: new compo
nents and their impact on engineering 
progress, new products and new re
quirements to meet the demands of 
our new engineering age, and new 
techniques which make new compo
nents possible. Sponsors are AIEE, EIA, 
WEMA, and IRE.

Heading the conference committee is 
General Chairman Hugh C. Ross, Jen
nings Radio Mfg. Corp., San Jose. He 
is assisted by William F. Main, Lockheed 
missiles and space division, technical 
program chairman; Carlton J. Daiss, 
Anaconda Wire and Cable Co., ar
rangements chairman; Berkley Baker, 
Litton Industries, publicity chairman; 
Roderick W. Neibaur, Jennings, finance 
chairman; and Don F. Hamm, Jennings, 
publications chairman.

Special events will include two-fea
tured luncheons with speakers Dr. Wil
liam Shockley, Shockley Transistor Unit 
of Clevite Transistor Corp., speaking 
on "Basic and Applied Research in Com
ponent Development"; and C. W. Har
ris, Lockheed missiles and space di
vision, speaking on, "Space Problems: 
Created or Solved by Components?"

Advance registration, the money
saving move, can be accomplished at 
the following rates: general registra
tion, $7.00; luncheon May 2, $4.50; 
luncheon May 4, $4.50; Proceedings, 
$7.00; total, $23.00. Regular registra
tion fees will be, in the same order, 
$9.00; $5.50; $5.50; and $9.00; total, 

$29.00.

The use of high-gain feedback amplifiers fa 
usually used to improve the condition, but ter> 
peroture effects may still exist due to insufficierj. 
gain or reference-voltage drift.

This paper describes a circuit which eases the 
gain requirement and reduces reference-supp', 
drift. The low-voltage section uses a series tron. 
sistor to maintain the output voltage This trcn-1 
sistor is controlled by a two-transistor amplifier. 
High voltage is obtained in a conventional mo-.- ' 

ner by operating two transistors as a magneti
cally coupled astoble multivibrator The outp.-r j 

is filtered for both 120 cycle and the 1-kc-oscH- i 
lator frequency components.

piunnca, iri<_iuuiny u wesiei ri-aiyiu puny 

and barbecue to be held Thursday eve- j 
ning, April 27. All IRE members and 1 
their ladies are invited to attend Trans- . 
portation will be available to and from 
the Westward Ho headquarters.

For the wives of attendees, a style 
show and luncheon at the famous 
Mountain Shadows resort in Scottsdale, 
a guided tour of Frank Lloyd Wrighfs 
Taliesin West, as well as a tour of 
nearby beautiful homes and other in
terest spots, is planned.

A field trip is planned for Friday aft
ernoon, April 28, leaving the Westward 
Ho by bus for a tour through the Com
puter facility of the General Electric 
Company and the Deer Valley plant of 
Sperry-Phoenix.

A new fast-recovery four-layer silicon diode 
has been developed os a switching device for 
application in radar pulse-modulator circuits for 
generating closely spaced pulses Reduction in 
minimum interpulse periods for 200-volt devices 
from a range of 2 to 8 microseconds to a range 
of 0.8 to 1.0 microseconds has been achieved with 
devices from pilot production. Turn-on speeds 
have been reduced from 30 to 20 nanoseconds 
in typical circuits. The increased speeds have 
been achieved at the expense of a minor increase 
in forward voltage drop when the devices are 
in the "on", state. The devices are being evalu
ated currently for a major radar system.

TRANSISTOR OSCILLATOR SUPER REGULATED 
HIGH-VOLTAGE POWER SUPPLY FOR ACCU
RATE VOLTAGE SOURCE FOR RADIATION 

DETECTORS
Walter Nickel, G.E. Atomic Energy Division, San 

Jose, California
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attuned to new applications

CW MAGNETRONS
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“Capability that 
can change 
your planning"

This Litton continuous wave mag
netron is one of a family of ten that 
gives coverage from P to X bands at 
minimum power outputs from 250- 
500 watts.

The dependability and versatility 
of Litton CW magnetrons has been 
time-proved by the many thousands 
in field service. There are undoubt
edly long years of operation ahead 
in new military and commercial 
applications.

These Litton CW magnetrons are 
mechanically-tuned and liquid- 
cooled. We also manufacture CW 
magnetrons with versatile hydraulic 
tuning and, at lower powers, can

L-3456
L-3459
L-3465
L-3464
L-3460
L-3461
L-3467
L-3468
L-3462
L-3463

500
500
400
400
500
400
400
300
300
250

Frequency 
Range 

Megacycle*

350-590 
590-975 
975-1500 
1500-2350 
2350-3575 
3575-4975 
4975-6175 
6175-7275 
7275-8775 
8775-10,475

Type 
Number

Minimum 
Power 
Watt*

may lead you to new applications. If 
we have stimulated your thinking a 
little, we would like to hear from 
you. Write to: 960 Industrial Road. 
San Carlos. California.

supply them with forced air cooling.
Litton CW magnetrons are being 

applied in a pulse width modulated 
navigation system. Pulse rate, ampli
tude and frequency modulation tech
niques make possible other com
munication applications. This family 
also offers many advantages in such 
CW applications as RF drivers, 
industrial processing and component 
testing. They can be pulsed to 
approximately 2 KW peak power at 
a .25 duty cycle, a desirable attribute 
in component testing.

Investigation of these magnetrons 
and Litton pulse magnetrons, the 
international standards of excellence.

INDUSTRIES
Tube Division
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WHO'S WANTED

7?. W. Newcomb
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meeting
VIRTUE: ITS OWN REWARD?

SESSION II
PROGRESS IN COMPONENT RELIABILITY

Tuesday, May 2 
2:00-5:00 P.M.

meeting
TIME FOR A SWITCH

Early in May (see the Calendar, page
8 for detail), the newly developed Pro

fessional Group Chapter on Circuit 
Theory will meet to consider, "The 
Synthesis of Passive Networks for Net
works Active at Pq," a presentation by 
R. W. Newcomb of Stanford University.

In designing some kinds of switching 
circuits it is desirable to know the 
smallest transition time obtainable in 
going from one stable state of an active 
device to another such state. The de
termination of this switching time in 
terms of the concept "active at Po" will 
be reviewed.

The synthesis of passive networks in 
which the active device must be em
bedded to obtain the desired switching 
time will be outlined. Several examples 
will be treated to illustrate the theory.

ahead

IMPACT OF THE DARNELL REPORT ON NEW 
SPECIFICATIONS FOR ELECTRONIC PARTS

Wm. H. von Alvon, ARINC Research Corpora
tion, Washington 6, D. C.

This paper reviews the impact of the Darnell 

Report on new specifications for electronic port*. 
Specifically, the accomplishments of the past year 
are reviewed, with particular emphasis on the 
emerging specification philosophies for guaran
teeing high levels of reliability for several of 
the more prominent classes of electronic pari*. 
Management techniques and contracting practices 
which are evolving to assure the procurement 
and use of high-quality parts in new system 
designs are also examined.

meeting
BE A DISH WATCHER

Early in May (see Calendar, page 9, 
for details), PGMIL will have a meeting 
with a somewhat unusual format. Mem
bers and guests will meet at 6:00 sharp 
at the intersection of Junipero Serra 
Blvd, and Frenchman's Road in Palo 
Alto. (Frenchman's Road is approxi
mately % mile northwest of Page Mill 
Road.) An auto caravan will leave this 
point on the first leg of a combination 
field trip and technical meeting cover
ing the Stanford Research Institute 
dar as a space research tool.

This first leg will be an inspection 
of the installation site for the big dish 
on the hillside behind the Stanford 
campus.

Following this, the group will travel 
to the Red Shack Restaurant where the 
meeting and technical discussion will 
start at 8:30 p.m., following dinner.

ON THE RELIABILITY OF SOLID TANTALUM 
CAPACITORS

G. H. Digingcr, Jr., Technical Director, Kemef 
Co., Union Carbide Corp., Cleveland, Ohio

The solid electrolytic tantalum capacitor, prop
erly made and applied, is a reliable electronic 
component Long term tests made upon capaci
tors manufactured within the past three year* 
(1957 to 1960) have shown mean times to catas
trophic failure of more than five million hour* 
when used as rated. This corresponds to a failure 
rate of a little below 0.02% per 1,000 hours, if 

exponentialify be assumed.
More recent tests, made under accelerated 

conditions of different harshness, have shown 
reasonable correlation with the long term data. 
In addition, an acceptable approximation to the 
ordered failure distribution has been found, 
graphically. It is, therefore, possible to obtain 
worthwhile information from properly run tests 
of small samples.

The way in which mean 
perature and voltage

life varies with tem- 
has been charted. This 

permits the use of acceleration factors of 1,000 
or more with reasonable confidence. It also al
lows the prediction of the improvement in re
liability which will result from derating the 

capacitors.

Mid-April will find PGRQC meeting 
at Stanford to hear W. P. Cole tell 
about Philco's Project Virtue—a tran
sistor-reliability program. Cole is project 
manager in the Philco Lansdale tube 
division. Details of the meeting are in 
the Calendar, page 9.

The paper describes Philco's semi
conductor reliability program which 
covers surveillance of semiconductor 
quality and reliability from the initial 
design stage to final release of the 
finished product. It includes liaison with 
the user for information on field per
formance, verification and analysis of 
failures occurring in the field or during 
in-plant life and environmental testing, 
and the initiation of corrective measures 
where indicated. Life-test procedures 
for characterization of new devices will 
be described. The facilities for in-proc
ess quality control and final evaluation 
will be reviewed.

An important part of Project Virtue 
is the use of reliable life-test equipment 
so that test results will not be obscured 
by either operator or circuit-induced 
failures. The Project Virtue life-test and 
parameter-test facilities will be de
scribed.

Big dish to be vieiued by PGMIL tour
ists is a project sponsored by ARDC 

and DASA

NON DESTRUCTIVE TESTING OF ELECTRONIC 

PARTS
G. G. Brown and K. Green, U.S. Testing Com

pany, Hoboken, New Jersey.

If we are to achieve the levels of equipment 
reliability required for our missile and satellite 
programs, we must make more extensive utiliza
tion of 100 per cent non-destructive testing. This 
paper discusses design of screening methods from 
the standpoint of the ideal circumstances and 
situations where time and/or funds are limited.

Engineering management people are 
second in demand among all types of 
business executives, according to a sur
vey made by Executive Manpower Corp, 
of New York. Questionnaires were re
ceived from 178 companies averaging 
sales of $11.5 million a year, but in
cluding only seven categorized as elec
tronic. Of the companies, 32.7 per cent 
needed sales executives, 23.3 needed 
engineering executives, and 15.8 per 
cent needed manufacturing or produc
tion executives.

AN APPROACH TO LIFE PREDICTION OF 
HIGH-VOLTAGE COMPONENTS

John P. Agrios, U.S. Army Signal Research i 
Development Laboratory, Ft. Monmouth, N. J.

Premature breakdown of insulations under 
high-voltage stress has been traced many times 
to ionization of voids within the component. To 
combat such failures, several methods have beer 
used over the years to determine the safe limits 

and approve the installation of such components 
in electronic equipment. Dielectric strength and 1 
corona testing have been the most popular means I 
for achieving these goals. However, it has been 
determined that these methods do not necessarily 
provide data for long and reliable life for such I 
components. A study has recently been completed I 
on the life characteristics of radio-frequency ond I 
pulse cable under high-voltage conditions at I 
frequencies from 60 cps to 100 kc and at tem- |

(Continued on page 16) i
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easily convertible to a sweep

oscillator-tuned voltmeter with this

<$> AC-97C Sweep Drive!

SPECIFICATIONS

No calibration or stabilization is required with the (g) 302A

Selectivity:

Input Impedance:

Dimensions:

Price:

HEWLETT-PACKARD COMPANY

apri I 1961 grid-l}

'i

Weight:
Price:

Sweep Range:
Sweep Limits:

Voltage Range:
Warm-up Time:
Voltage Accuracy:
Residual Modulation
Products & Hum
Voltage:
IF Rejection:

selectivity, 
unique convenience, 
extreme accuracy

With the AC-97C Sweep Drive, the (g) 302A is converted to a 
sweep oscillator-tuned voltmeter for automatic frequency 
response measurements, even in noisy systems. The AC-97C 
motor accessory permits sweeping the entire frequency 
range of the 302A, 20 cps to 50 KC; provides fast sweep for 
covering the spectrum rapidly, slow sweep for high resolu
tion plot. The Sweep Drive with an X-Y recorder permits 
automatic plots of harmonics or intermodulation products. 
Model AC-97C attaches to the 302A panel, or may be bench 
mounted on an adjustable stand.

Wave Analyzer, a completely transistorized instrument 
which represents significant improvement in design. Oper
ating as a highly selective tuned voltmeter, the instrument 
provides a front panel control which selects the frequency 
to be measured. Voltage then is read directly on the front 
panel meter. Basically, Model 302A separates an input sig
nal into individual components so that each—the funda
mental, harmonics and any intermodulation products—may 
be evaluated separately.

Sweep Speed with 
302A:

Mount:

302A Wave Analyzer
Frequency Range: 20 cps to 50 KC
Frequency Calibration: Linear graduation 1 division/10 cps. 

Accuracy ± (1% -f- 5 cps)
30 av to 300 v, full scale, 15 ranges
None
± 5% of full scale

Greater than 75 db down
Intermediate frequency in input signal 
rejected by at least 75 db down
± 3¥z cycle b.w. — at least 3 db down 
± 25 cycle b.w. — at least 50 db down 
± 70 cycle b.w. — at least 80 db down 
Beyond ± 70 cycle b.w. — at least 80 db 
down
Determined by setting of input attenuator: 
100,000 ohms on 4 most sensitive ranges, 
1 megohm on other ranges.
20%* x 12V2" x 14Mz* (cabinet), 
19* x 10MT x 13Vi* (rack mount) 
43 lbs. (cabinet), 35 lbs. (rack mount)
•<£ 302A (cabinet), $1,800.00

302AR (rack mount), 51,785.00

AC-97C Sweep Drive
50 revolutions
Any Interval from 50 revolutions to 
5 degrees

170 cps/sec and 17 cps/sec
Front pane! of £ 302A or bench stand 
adjustable, 4* to 12*
$275.00

CONTACT OUR ENGINEERING REPRESENTATIVES 
NEELY ENTERPRISES, FOR INFORMATION

Los Angeles, 3939 Lonkershim Blvd., North Hollywood, TR 7-0721; San Carlos, 501 Laurel St., LY 1-2626; Sacramento, 
St. Gl 2-8901; San Diego, 1055 Shafter St., AC 3-8106; Phoenix, 641 E. Missouri Ave., CR 4-5431; Tucson, 232 So. 
MA 3-2564; Albuquerque, 6501 Lomas Blvd., N.E., AL 5-5586; Las Cruces, 114 S. Water St., JA 6-2486.

1317 Fifteenth 
Tucson Blvd.,
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Dr. C. P. Yu, second from left, spoke before the PG I early in February 
measurement. Paper was reviewed in the March issue

on phase
—James Hussey photo
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MORE ECC PROGRAM
pcrotures from -17C to 80C A method hos been 
developed to measure the number of discharges 
emanating from such cables and to establish the 
correlation between such discharges and the life 
of the cobles. It is intended to present this work 
to serve as a basis for life prediction of other 
components under high-voltage stresses.

DEPARTMENT OF DEFENSE COMPONENT RE
SEARCH AND DEVELOPMENT PROGRAMS FOR 
LONG-LIFE PARTS, AND COMPARISON WITH 

RECENT EUROPEAN DEVELOPMENT
F E. Wenger, Headquarters ARDC, Washington 

(Abstract on page 35)

DERATING PHILOSOPHY OF MINUTEMAN 
TRANSISTORS

J. W. Tarzwoll and G. K. Cullers, Autonefics, 
Downey, California.

Conventional systems requiring certain relia
bility levels normally approach the problem of 
component derating by specifying component type, 
failure rate, definition of failure, operating point, 
and verification tests to the component manufac
turer. The manufacturer, therefore, is left with 
no degree of freedom to meet the requirements. 
Because of the extremely low failure rote re
quirements for transistors in the Minuteman sys
tem, the ports manufacturer was given more free
dom at the beginning of the program.

Autonefics specified to the transistor manufac
turer only the transistor prototype and the relia
bility goal. The manufacturer was then requested 
to recommend the approach to achieve the goal 
by specifying: 1) the operating point, 2) the 
parameter degradation to be expected ot this 
operating point, and 3) a fest program to verify 
these estimates. Autonefics prepared two types 
of specifications to implement the recommenda
tions by the manufacturer. The first specification 
is the internal document intended for use by the 
design engineer. This document contains the rec
ommended and absolute maximum operating 
points and the parameter degradation to be 
expected ot these points. The document also con
tains failure rate curves, application information 
and failure mode information. The second type 
of specification is the procurement document which 
is used for the delivery of parts. This document 
contains tests to evaluate the ability of the parts 
to meet the parameter degradation specified by 
the manufacturer and the reliability goal speci
fied by Autonefics.

HIGH VOLTAGE COMPONENTS

Wednesday, May 3
9:00 A.M.-12 Noon

MODERN MATERIALS IN HIGH-VOLTAGE
PULSE TRANSFORMERS

C. Marshall Loring, Carad Corporation, Polo 
Alto, California

The requirements of various typical high-voltage ; 
pulse transformers are discussed with emphasis | 
on the demands placed on transformer materials I

exposure is necessary.
Palmer's electroprinting process, suc

cessfully used for a number of years, 
involves the exposure of a positive film 
which can then be developed and used 
in the projector directly. In the exposure 
process, a specially constructed mask, 
inserted between the light source and 
modulating mirror, controls the rate of 
modulation of the light admitted to the 
film. The electroprinting process results 
both in improved signal-to-noise ratio 
and lowered distortion in sound repro
duction.

A practical figure of signal-to-noise 
for the variable-area recording system 
is about 40 db as opposed to about 
25-30 db for the variable-density sys- 
,em. However, the frequency bandwidth 
of the variable-density system is gen
erally somewhat larger than that of 
the variable-area system. The upper 
frequency cutoff of optical sound re
cording for most 35-mm movie film is 
about 7500-8000 cps.

Palmer indicated that magnetic
stripe sound tracks on film have been 
used occasionally both for stereo and 
for single-channel movie recordings but 
that the cost of magnetic sound tracks 
as yet outweighs its technical superior
ity over optical sound recording. He 
also pointed out that while stereo sound 
reproduction was quite easily adaptable 
to present-day optical sound recording 
equipment, the motion picture industry 
has not been impressed by the results 
of attempts to impart stereophonic ef
fects to large audiences.

Palmer concluded the evening by 
presenting a demonstration of an ex
cellent optical sound recording excerpt 
from a film production and by conduct
ing the audience on a tour of his varied 
and extensive audio facilities.

—s. OLESON

meeting
AREA VS DENSITY VS STRIPE

Members and guests of the PGA and 
AES together attended a most interest
ing and informative evening meeting 
in February at the studios of W. A. 
Palmer Films, Inc., San Francisco. The 
host, W. A. Palmer, spoke on the sub
ject, "Advancements in Optical Sound 
Recording."

Palmer introduced his listeners to the 
principles and techniques of the two 
basic optical sound-recording methods 
used in the film industry—the variable
area optical recording method in which 
a light beam of constant intensity is 
modulated in position, and the variable
density method in which a light beam 
of constant position is modulated in 
intensity. He then proceeded to discuss 
thoroughly the physical bases by which 
each system is limited in frequency re
sponse, distortion, signal-to-noise ratio, 
and signal overload.

In general, frequency response and 
distortion in both systems are limited 
in a matter of degree for a given film 
speed, to the size and resolution of the 
modulating light beam, the method of 
exposing the film to the light beam, 
the response or reaction of the film 
emulsion to the light (i.e.: contrast, size 
of grain etc.) and the exposure and 
developing techniques used in film re
production.

Both methods of optical sound re
cording have, in the past, employed 
six, four, and two tracks. The trend 
in the film industry is now towards the 
use of dual bilateral variable-area 
sound tracks. Good sound reproduction 
for this method, employing a negative
positive film system includes, among 
other requirements, sharp contrast be
tween light and dark portions of the 
exposed film. Therefore, careful film

discussed with emphasis 
on transformer materials 

by each application. A brief review of trans
former design principles is given in order to 
clarify the effect of material parameters on trans- J 
former performance. Examples of several trans
former structures will be used.

Typical past practices utilizing such materials 
as kraft paper insulation and sicilon steel cores 
will be discussed and performance limitations 
imposed by available materials pointed out.

Modern dielectric materials permit improved 
electrical and mechanical performance as will 
be discussed. The use of cast, laminated, and 
film forms of various modern dielectrics will be 
illustrated.

Magnetic materials have been constantly im
proved both in their performance and their 
economy. The significance and relative costs of 

(Continued on page 18)
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Performance is the test of Space Technology Leadership
The experience and creativity of Space Technology Laboratories in the field of space systems — both military and civilian — are 

documented in this record of accomplishment: Responsibility since 1954 for the over-all systems engineering and technical 
direction for the Atlas, Thor, Titan, and Minuteman elements of the U. S. Air Force ballistic missile program, and in such advanced 

space projects as Score, Tiros I, Transit IB, and Mercury. Conduct of vehicle re entry projects and the Pioneer I, Explorer VI, and 
Pioneer V advanced space probes on behalf of the Air Force, Advanced Research Projects Agency, and National Aeronautics and 
Space Administration. Contributions to these projects included design, fabrication, and instrumentation of spacecraft; over-all 

systems engineering and technical direction; direction of launch and tracking; and data reduction and analysis • This perform

ance demonstrates the STL creative flexibility to anticipate and initiate responses to the space challenge. To discharge its growing 

responsibility in Space Technology Leadership, STL is now broadening the scope of its activities. Resumes and inquiries concern
ing opportunities with STL are invited from outstanding scientists and engineers, and will receive meticulous attention.

april 1961

SPACE TECHNOLOGY LABORATORIES, INC. P.O. BOX 95005P, LOS ANGELES 45, CALIFORNIA 

o subsidiary of Thompson Romo Wooldridge Inc.

El Segundo • Santa Maria • Edwards Rocket Base • Canoga Park Cape Canaveral • Manchester, England • Singapore • Hawaii
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Robert D. Culbertson, speaker, and Dr. 
Joseph F. Hull. PG ED chairman, as 
seen at the January PG ED m eet ing

USE OF CAST EPOXY ELEMENTS IN COMPONENT 
DESIGN FOR ISOLATION OF ULTRA-HIGH 

VOLTAGE
Joe Bianco, Components for Research, Polo Al»o. 

California

Concurrent with the development of radar crd 
communication equipment into regions of e.r 

(Continued on page 21)

TESTING THE INSULATION IN ELECTRONIC 
COMPONENTS WITH HIGH-VOLTAGE 

DIRECT CURRENT
G Leslie Hill, Hill Research Company, Oakland.

California

This paper will seek to deal with high-voltage | 

and high-power transformers other than power 
rectifier units. Of particular concern are high- 
power wideband transformers os well as other 
units which ore powered from electronic generator 
sources.

Due to the wide range of frequencies and wave 
shapes involved and in voltages up to 30 kv 
and higher, and because of the unusual voltage 
distribution within these transformers, the con
ventional concepts of testing as accepted in fixed 

power frequency transformers are being ques
tioned as io propriety.

The assignment by AIEE to the author to de
velop a proposed standard for wideband high- 
power transformers has given rise to much study 
of this problem and the realization of the short
comings of our present concepts and methods. 
Various proposals to improve our testing and 
protection techniques will be presented and 

discussed.

meeting
THE TECHNICAL ENTREPRENEUR

At a March PGEM meeting at Rick
ey's, Dr. Jack Melchor discussed his 
experiences as an entrepreneur. Thirty 
members and guests were given a 
frank, interesting history of Melabs and 
a clear view of the problems which 
beset the technical entrepreneur of 
today.

Melabs was incorporated in 1956, 
using savings of founders Lloyd Addle- 
man, Wesley Ayres, Perry Vartanian, 
C. L. Hogan, and Jack Melchor. Their 

(Continued on page 22)

various materials such as the silicon steels, the 
nickel alloys, and the ferrites in high-voltoge 
p ulse-transformer applications will be discussed.

Performance improvements made possible 
through the use of modern materials os filling 
medio in place of oil will be mentioned.

DIELECTRIC TESTING AND HIGH-VOLTAGE 
TRANSFORMER PROTECTION IN ELECTRONIC 

CIRCUITS
W Wahlgren, Electro Engineering Works, Son 

Leandro, California

is about to be turned on, we have high 
concentrations of H_- and CO with very 
little COj or CH( The beam is found to 
be an effective pump when turned on. 
A titanium getter is now heated to 1600 
C. and we find a sharp increase in 
hydrogen and a decrease in CO. With 
the getter off, the hydrogen is reab 
sorbed. The tube is now pinched.

Subsequent history was obtained 
from the small Diotron attached directly 
to the tube. Turning on the filament in
creases CO, water remains about con
stant and CH, and CO.- are decreasing 
The pressure is about 10 7 in the tube. 
The getter is heated and H.- increases 
and CO disappears. The getter is flashed 
and the hydrogen drops sharply. Next 
the beam is turned on and an increase 
in CO is observed. It is believed this 
results from the beam striking the walls 
of the tube and releasing CO

During the next 25 hours operation, 
all partial pressures were observed to 
decrease slightly as the beam voltage 
was raised to 1 1 0 kv.

Over the next 400 hours, the pressure 
decreased further. Most pumping was 
observed to occur during the first 50 
hours of operation. After 500 hours, 
slight amounts of CO, H2O and H. could 
be observed Total pressure within the 
tube was 3 x 109 mm Hg.

During subsequent operation, Argon 
was observed to increase slowly and 
become the dominant gas after about 
200 hours. It was concluded that the 
tube had a small leak and was getter- 
ing all the gases except the Argon The 
total leak rate was determined to be 
10',= atmospheres cc per second. At 
this rate, the tube would require 100 
years to get down to the 10 1 scale. The 
pumping rate of the tube was found to 
be 0.6 liter per sec in operation.

Use of the mass spectrometer in this 
fashion provides sufficient information 
to answer almost all questions concern
ing residual gases in tubes. In the mea
surement sense, then, we have reached 
an end with regard to this problem.

A lively discussion followed this most 
interesting talk.

meet i n g
MASSING UP THE VACUUM

A powerful tool for tube processing 
was the subject of Robert D Culbert
son's PGED talk on January 25 at Stan
ford. This tool, the mass spectrometer 
in a compact, convenient form, has 
been used by Culbertson and his asso
ciates at Eimac in the testing and proc
essing of very-high-power klystrons. It 
permits the pressures of the gases 
within tubes to be measured to about 
5 x 10’" mm Hg, and identifies them 
by their mass number to within one 
mass unit.

Before describing in detail tests made 
on the Eimac BMEWS tube, Culbertson 
gave a brief discussion of the three 
major types of mass spectrometers used 
for similar purposes. These are the com
mon crossed-field type, the cyclotron 
type, and the linear r-f type. The first 
or common crossed electric and mag
netic field spectrograph was the type 
used at Eimac. This type was chosen 
because very simple auxiliary equip
ment is required. Two units made by 
Consolidated Electrodynamics were used 
in six basic functions. A relatively large 
console unit No. 21620 was used to 
inspect raw material and to monitor 
cleaning and processing of parts. A 
small portable unit (No. 2161 1, Diotron 
5 in. by 1 ¥2 in.) mounted directly on 
the tube was used for determining 
vacuum-system efficiency, evaluating ex
haust procedures and residual gas be
havior on exhaust, and life behavior 
during operation and on the shelf.

The processing and operating history 
of an Eimac X-626 BMEWS tube was 
described. This is a large klystron giving 
1 V4 megawatts peak power at 75 kw 
average power. As processing begins, 
many gases are observed with peaks 
at hydrogen, water, and a number of 
organic gases. During cathode conver
sion, hydrogen remains relatively con
stant, CO2 rises to a peak and diminishes 
rapidly after conversion. CO rises and 
remains relatively high. When the beam

A brief review is given of the simplified high 
voltage d-c method of testing and electrical in
sulation in large electrical apparatus in the 
power generating and utilization field.

Power engineers have had a method of fore
casting and dielectric level of a particular insu
lation for several years without destroying it. 
This method broadly comprises rectifying in
creasing increments of high-voltage alternating 
current to high-voltage direct current; the high- 
voltage direct current is then impressed on the 
insulation under test, and by means of a high- 
voltage voltmeter and a microammeter, the volt
age applied and the current passing through the 
insulation ore indicated for each increasing in
crement of impressed voltage. Then plotting the 
measured values of conduction current through 
the insulation, or the calculated values of meg
ohms of resistance, versus the measured values 
of apphud d-c voltage in a suitable system of 
coordinates to indicate graphically the dielectric 
strength of insulation before puncture of the 
insulation.

It is shown how this method of hvdc testing 
may be applied to lower voltage electronic com
ponents such as plate and filament transformers, 
cable, coils, etc. Due to the lower voltage and 
relatively small currents obtained, a more sensi
tive instrumentation is necessary. The use of the 
oscilloscope is described os a more sensitive 
microammeter to detect very low d-c currents 
and the start of ionization in voids in the insu
lation
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The C-12 Camera combines flexibility with simplicity. It offers 
you new convenience in undistorted viewing and direct record
ing of oscilloscope traces.

You can use the unique sliding back, adjustable to horizontal or 
vertical. On this sliding back, you can interchange the par- 
focal, film-holding backs, lock them securely in 5 detent 
positions, also rotate them thru 90° increments (with the long 
axis of the film horizontal or vertical).

You can choose from 8 easily-lnterchangeable lenses — in vary’ 
ing object-to-image ratios and maximum aperture to f/1.5. 
The lenses are housed in uniform, pre-focused, calibrated 
mounts with keyed threads — so the shutter-speed and 
diaphragm-opening controls always appear at the same ac
cessible position on the camera.

For more information about these and other features of the 
new C-12 Camera . . . and the many accessories designed 
for specialized applications . . . call your Tektronix Field 
Engineer.

Comfortable viewing — 
with or without glasses

Here's why:
You can use Polaroid* or any conventional film.

You can do MORE with the
NEW TEKTRONIX C-12 CAMERA 
than you can with any other

Oscilloscope Camera

C-12 CAMERA......................................................$500
Includes f/1.9 Lens (with 1:0.9 objecl-lo-image ratio) complete with 
cable release, Focusing Back, Polaroid* Back, and Minute Timer.

Tektronix, Inc.
PALO ALTO FIELD OFFICE

3944 Fabian Way • Palo Alto, California • DAvenport 6-8500

... .

C-12 CAMERA

Typical hysteresis loops (multiple 
exposure of varying amplitudes).

like this
r<

Damped sine wave (multiple ex
posure using all 5 detent 

positions).

TEKTRONIX FIELD OFFICES: Albuquerque. N. Me« • Atlanta. Ga. • Baltimore (Tolson) Md • Boston (Lexington) Mass. • Buffalo. N Y • Ch cago (Park R age) .n • Cle.e'and, Ohio • Dallas. Te«as • Dayton Oh>o 
n»r..et. Colo • Detroit (Lalhrup Village) Mich. • Endicott (Endwell) N.Y. • Greensboro. N C • Houston. Te.as • Ind.anapohs. I'd. • Kansas City (M.ss.on) Kan . Los Angeles. Cahf Area (East Los Angeles
r re,ro • West Los Angeles) • Minneapolis. Minn « Montreal. Quebec. Canada • Ne.v York City Area (Albertson. L I. N Y. • Stamforo. Conn • Union. N J ) • Orlando. Fla. • Pni’adeipn.a. Pa • Phoenix (Scottsdale) An?
pc>gnieeps e, N Y • San Diego. Calif. • San Francisco (Palo Alto) Cahf. • St Petersburg. Fia • Syracuse. N Y • Toronto (W.ilOAdate) Om . Canada • Washington. D C (Annandale. Va).
TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics. Portland. Oregon • Seattle. Washington. Tektron.x is represented m twenty overseas countr.es by qualified engineering organ.zations

in Europe please write Tektronix Inc., Victoria Ave . St. Sampsons. Guernsey C.I.. lor the address of the Tektronix Representative in your country

Family of characteristic curves 
(lor NPN transistor).Ill

1 KMC damped oscillation 
(single shot at 2 naec/cm).

countr.es
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alone is not a true measure 
of an engineer’s ability

But without it you're on the outside looking in!
To us, while there is no substitute for education, professional engineer

ing worth stems from a variety of things that merely start with a formal 
education. Throughout your engineering career there are rough edges to 
be smoothed. There's doing, re-doing, and doing again. There’s frustra
tion and despair. There’s happiness and utter elation. There’s growth and 
confidence and respect. There’s maturity and courage of convictions. This 
is your ability, shaped, polished and made strong by conditions and people 
around you.

This evolution is by no means exclusive to us at RCA West Coast. We 
do. however, try to bring it out earlier and have you make more of it than 
most. Like to try? We have exceptional career opportunities for:

Advanced Systems Engineers, Development and Design Engineers, 
and Project Engineers with experience in these areas: Electronic 
Countermeasures, Data Processing and Computer Systems, and 
Missile Ground Support Systems.

For further information about us, and you, see the box at right.

© A
WEST COAST

Call collect or write: 
Mr. T. M. Ripley 
EMpire 4-6485 

8500 Balboa Blvd.
Dept. 261-D

Van Nuys, California

RADIO CORPORATION OF AMERICA
WEST COAST MISSILE ANO SURFACE RADAR DIVISION

The name you know is the place to grow! rZms.
All Qua'.JiM \ 

Apparent* 

©Saw#-
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SPECIFIC OPENINGS AT 
RCA WEST COAST ARE:

which 
high-

SESSION IVa 
MICROWAVE COMPONENTS

THE OUTPUT WINDOW—A CRITICAL ITEM IN 
HIGH-POWER MICROWAVE ELECTRON TUBES 
Don Priest and Ruth Talcott, Eitel-McCullough,

including 
recently discov- 

« including 
It is shown 

powers ob- 
considerably beyond

ONE HUNDRED CYCLES PER SECOND HIGH- 
VOLTAGE VACUUM RELAY

Ron Tetz, Jennings Radio Manufacturing Cor
poration, San Jose, California

With the development of radar and similar 
devices it became apparent that a need existed 
for high-voltage d-c fuses to meet the short 
circuit protection requirements of electronic equip
ment in the multi-kilovolt range. Fuses to meet 
these requirements ore now being produced.

To be effective, high-voltage d-c fuses must

A VACUUM COAXIAL RELAY FOR HIGH-SPEED, 
HIGH-POWER RF SWITCHING

T. N. Tilman and W. N. Lindsay, Jennings Radio 
Manufacturing Corporation, San Jose, Cali
fornia

of epoxy techniques into custom 
encapsulation and cross sectioning of electron 
tubes and similar delicate devices for design 
and production study will also be described.

PROJECT ENGINEERS

For technical project management 
of development and design < J 
necring and customer liaison and 
manufacturing. Responsibilities in
clude project direction, control and 
proposals for improvement and ex
tension of digital system capabilities.

ECM ENGINEERS

For project equipment utilizing new 
and unique high frequency and 
video circuit techniques.

A FAST-ACTING FUSE FOR HIGH-VOLTAGE 
DIRECT CURRENT

L. H. Franklin, Franklin Engineering, Palo Alto, 
California

SENIOR COMPUTER ENGINEERS

To lead applied research studies on 
kilomcgacycle computer circuits. 
Will work with advanced R & D 
team.

SYSTEMS OPTIMIZATION 
ENGINEERS

For application of operation analysis 
and other analytical techniques. 
Advanced degree.

SENIOR LOGIC DESIGN 
ENGINEERS

To design entire computer systems. 
Advanced degree preferred.

SENIOR ENGINEERS

For relay logic and relay switching 
design and application to advanced 
digital techniques.

and electrical characteristics are 
single-pole double-throw 3’/8-inch 

coaxial relay with

PROJECT ENGINEERS

For visual data handling and analog 
data processing, employing direct 
view storage techniques, alpha
numeric readout devices and pro
jection systems.

SENIOR COMPUTER SYSTEMS 
ENGINEERS

To lead studies in new organiza
tional concepts, pattern recognition 
and machine learning. Will be a 
member of high level Research and 
Development team working on RCA 
Sponsored Programs.

A survey of the various problems encountered 
with high-power windows is given, 
on account of some new ones r*- 
ered. Techniques for dealing with them, 
the choice of materials, are described, 
that with these techniques the r-f 
tainable con be increased 
current practice.

(Continued on

offer fast clearing under short-circuit conditions 
such os a flash-over, capacitor breakdown, insu
lation failure, or coble failure. Under these con
ditions the fuses must clear, disconnecting the 
faulted portion of the circuit from the rest of 
the circuitry. The energy to vaporize the fuse 
element must be low. In addition, the time re
quired for the fuse to clear must be very small. 
Under high-overload conditions, this time can be 
as short as 1 microsecond.

If a high voltage d-c fuse (or any other fast 
positive-acting disconnect device) is used in a 
circuit containing a highly inductive element, 
such as a choke, such element and the circuit 
must be protected by a spark gap or other means 
of absorbing the energy stored in the inductive 
otherv/se the stored energy will moke itself ap
parent as a very-high-voltage inductive "kick."

It appears imposssible to produce a fuse which 
is extremely fast and of the same time sensivtive 
to a small percentage of overload (say 100 to 
500 per cent). Therefore, the fast d-c fuses will 
coordinate best for very-high overloads. How
ever, under moderate overloads, it is possible, 
by use of auxiliary crowbar circuit between a 
fuse and its load, to introduce an extremely high 
surge current, overloading the fuses instantane
ously, thereby disconnecting the faulted circuit 
from the power supply within a few microseconds.

The successful operation of these fuses depends 
upon several very important construction features 
and new concepts which are the subject of patent 
applications now in process.

increased powers, pressure is applied to the 
state of the art in the handling of voltages up 
info the 300 kv regious. Development of electron 
devices to power equipment of these kinds pre
sents its own problems in ultra-high voltage 

management.
This paper discusses production and application 

experience encountered in the manufacture and 
application of cable terminations, feedthrough 
bushings, and standoff insulators for these serv

ices.
Comments are also included on the production 

of epoxy-encapsulated open-core transformers 
ranging from 15- to 6000-va with isolations up 
to 300 kv and a newly developed type of stand
off-encapsulated filament transformer 
utilizes epoxy techniques to combine a 
voltage rectifier-filament transformer into a single 

package.
Extension

Mechanical 
given for a 
vacuum coaxial relay with a power-handling 
capacity of 20 kw c-w and 3-megawatt peak 
power at frequencies up to 600 me. The voltage
standing-wave ratio is less than 1.08 over a 
frequency range of 200 to 600 me. Insertion loss 
is 0.01 db maximum. Isolation of the open con
tact is better than 40 db down. The vacuum 
contacts, in the form of two shorting bars, are 
alternately closed and opened through bellows 
vacuum seals by pulse-actuated magnets. Bel
lows life is in excess of one million transfers. 
Relay transfer time is less than 10 milliseconds. 
The relay may be continuously transferred at 
repetition rates better than 30 transfers per 
second Reliable high-speed actuation is attained 
by resonating the moving masses with spring 
systems to provide internal energy storage. Ac
tuator input power is only that required to 
overcome frictional losses and magnetically to 
hold the vacuum contacts in the open and closed 
positions. Auxiliary air-contacts provide two in
dependent paths to indicate the attitude of the 
relay.

. DIGITAL SYSTEMS ENGINEERS

w For design and application of digi
tal data processing equipment to 
military systems. Also for concep
tual design, synthesis, and analysis 
of military systems utilizing digital 
techniques.

OPERATIONS ANALYSTS

For development of large 
systems concepts. Familiarity with 
logical and/or mathematical models 
for data processing systems neces
sary. Advanced degree in Mathe- □ 
matics preferred. 

A spdt relay system was developed to fill the 
need for high-speed high-voltage switching in 
rapid data transmission. This high-speed system 
consists of a pulse power supply and a specially 
designed vacuum relay.

The vacuum relay adapts itself well for high
speed operation because of high dielectric strength 
and low mechanical travel. The short travel 
allows design of a mechanism that has low wear. 
The high dielectric strength lends itself to high 
voltage operation Because of the vacuum, the 
contacts ore free of contamination and maintain 
a maximum contact resistance of 5 to 10 milli
ohms. This assures high electrical reliability for 
the life of the relay. The relay was designed to 
give an operate time of less than 3 milliseconds 
and a release lime of less than 5 milliseconds 
at voltages up to 10 kv and frequencies up to 
300 me.

In order to attain a speed of 3 milliseconds 
operate time, a pulse power supply was devel
oped. The power supply consists of a capacitor 
discharged through the relay coil to get fast 
operation and a series dropping resistor to get 
low hold voltage. The relay is controlled by an 
electronic command pulse and silicon controlled 
rectifier or transistor cycling.

The low contact resistance, plus the short me
chanical stroke, and high dielectric strength, give 
highly reliable high voltage relays from both 
the mechanical and electrical standpoint. This 
relay, with its electronic pulse power supply, 
gives a system capable of continuous operation 
at 100 cps. The lowest mechanical failure was 
at 12 million cycles with some relays operating 
os long as 200 million cycles.

This type of relay would probably have many 
applications beyond switching for high speed 
data transmission. Under consideration at present 
are teletype speed control and high-voltage 
rectification.

For complete details on these posi- ■ 
tions contact Mr. T. M. Ripley at ■ 
RCA West Coast. _

DESIGN AND DEVELOPMENT D
ENGINEERS B
For control equipment, display 
equipment, and design of analog B
and display circuits. 
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ossociorcd 
continuities in
This effect, which is usually

in the scattering of 
random distribution 
electrons above the 

F-layer maximum stems from an origi
nal suggestion of W. E. Gordon of Cor
nell (1958) that such fluctuation might 
be detectable by a high power radar. 
Gordon predicted the total scattering 
cross section by adding the cross sec
tions of individual electrons, and he 
estimated the spectral broadening of 
the incident signal by ascribing to the 
scattering elements the thermal velocity 
of individual electrons.

In the same year, 
(Continued on

Head table scene at the March PGEM meeting featuring Dr. J. L. Melchor, 
Melabs. right, speaker. Others are Dr. Bernard A. Wambsganss, Office of Naval 

Research; Mrs Wambsganns; and Thomas Morrin, SRI

1 ■

MORE ECC PROGRAM
SOLID-STATE MODULATORS AT MEGAWATT 

PULSE POWER LEVELS
Horry Heard, Radiation at Stanford, Palo Alto, 

California

PNPN two- and three-electrode solid-state thy- 
rations have been applied os switches in high- 
peak-power line-type modulators. Single three- 
electrode devices, having average current ratings 

have been found to yield 
performance at megawatt 
with modulator efficiencies

with mechanical
an

Many unfamiliar problems are 
faced by a new technical entrepreneur, 
the most serious of these being caused 
by contracts. Government procurement 
regulations require extreme care in 
handling all matters regarding such 
contracts. Financial problems are con
tinual, since banks and other members 
of the financial community must be de
pended upon for major support. Favor
able employee relations are also im
portant for a small company. Salaries 
must be good and fringe benefits must 
also be competitive with those of the 
industry. Each employee must be made 
aware of his potential. If he is a key 
man, he should be allowed to partici
pate in the financial growth of the 
company.

In conclusion, Melchor emphasized 
that the business frontiers of today 
are similar to those of the forty-niners. 
Opportunities are still available for 
those who are willing to take the risk.

----LEONARD JEFFERS
AND PAUL JENSEN

of 50-200 amperes, 
highly satisfactory 
pulse power levels 
of 92-95 per cent.

Basic circuit design concepts that are peculiar 
to the application of solid-state thyratrons are 
presented. Included arc factors such as repetition 
rote and pulse width and their relation to device 
holding current. Peak current, pulse wiidth, and 
infcrpulse period are discussed in relation to 
ju’nefion fusion rating and device thermal fatigue. 
The importance of gate-electrode charge in rela
tion to anode time delay and time jitter is also 
considered. Pulse fall time and device turn-off ore 
discussed.

Alternate circuit arrangements for variable 
pulse width and high repetition rate ore reviewed. 
The simplified design of a 250-kw peak, 5-kw 
average power pulser is presented.

A MINIATURE-PACKAGE 2200-MC PARAMETRIC 
AMPLIFIER USING A VARACTOR-LOADED HELIX

C. Louis Cuccia, Radio Corporation of America; 
manager, West Coast Microwave Engineering 
Lab., Los Angeles, California

A miniature-package parametric amplifier of a 
new type, designed for operation in the 2200-mc 
frequency band, differs from conventional para
metric amplifier circuits using resonant circuits 
and stubs and a single varactor, by its use of 
several varactors as periodic variable-capacitance 
loads of a helix. The input signal and pump 
signal are applied to the start of the helix. 
A pump signal having a frequency approxi- 
mately 30 per cent higher than the input signal 
frequency is used, and harmonic generation of 
the pump signal is utilized within the parametric 
amplifier to provide for noise-figure reduction. 
The amplifier is operated as a four-terminal 
device with an insertion loss of approximately 
30 db at input signal frequency provided be
tween the input and output terminals when the 
pump is off. No circulator is required.

A parametric amplifier will be described which 
comprises a packaged structure included in □ 
capsule one inch in diameter and five inches 
long, and weighing only five ounces. One form 
of this amplifier provides for a net input-termi- 
nal-to-oufput-terminal gain of 20 db with a noise 
figure of less than 5 db in the 2190-2210 me 

(Continued on page 26)

MICROWAVE FILTERS USING GHOSTMODE 
RESONANCE

William A. Edson, Electromagnetic Technology 
Corporation, Stanford Industrial Park, Polo 
Alto, California

The term ghost-mode has been used by Jaynes, 
Forrer, and others to describe localized resonances 

or dielectric dis- 
otherwise smooth waveguide 

a nuisance, is here 
turned to advantage for designing compact ond 
economical filters.

The basic resonance is localized at the gap 
between two posts extending through opposite 
walls of a cylindrical tube, which at the fre
quency of interest operates as a waveguide be
yond cutoff. The fringing electric and magnetic 
fields decoy rapidly and exponentially with 
distance, at a rote which is readily calculated.

A filter having characteristics similar to those 
of conventional coupled-cavity structures results 
when several adjacent ghost-mode resonances 
are coupled together by their fringing fields. 
A filter design method based on this approach 

is presented.

first work was for Stanford, Sylvania, 
and Airtron and the first prime contract 
was obtained 1 1 months after incor
poration. Since then, expansion has 
been steady and a product line devel
oped. For the fiscal year ending in 
August 1960, sales were $2.9 million 
with earnings of $1 80,000 before taxes. 
Employees now total over 160.

What are the ingredients for success 
of a small technical business? Dr. Mel
chor presented the goals of the founders 
—to create, to generate economic 'Se
curity, to control one's destiny. All these 
coupled with a strong desire to succeed 
form the human side of the picture. 
Technically, the new business must ful
fill a need, the staff must be competent 
and must know the methods of the 
industry.

For an enterprising group there is 
no wrong time to start a business. It's 
true that there have been optimum 
times for starting with certain special
ties, but new companies grew in the 
1930's (such as Eimac), in the 1950's, 
last year and there will be opportunities 
in the future.

In starting a small Business, the tech
nical area of coverage must be well- 
defined. Of course, it's better if you 
enter an area where business is ex
panding. Your product must be a better 
"mouse-trap" or you must be able to 
fill a need for services.

In government R&D work, the cost
plus-fixed-fee arrangement is more at
tractive than the fixed price contract. 
CPFF gives you a fee, enables you to 
support your R&D capability and pro
vides special equipment necessary. 
When a new business fills a vacuum 
in the service field, its chances of suc
cess are great; however, service busi
nesses have high failure rates during 
recessions. A third type of business is 
the one which develops new products 
and markets them. Outstanding ex
amples of the latter are Hewlett-Pack

ard and Varian.

meeting
EXOSPHERIC SCATTER: NEW 
COMMUNICATIONS MODE?

Professor Von Eshleman of Stanford 
University presented the second lecture 
of the PGAP tutorial series on Plasma 
Physics on the topic of "Communication 
Potentiality of Exospheric Scatter," in 
mid-February.

Current interest 
radio waves from 
and fluctuation of
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Hughes Aerospace Engineering Division 
has openings for Systems Analysts to 
consider and analyze a wide spectrum of 
basic problems such as:

What are the requirements for manned 
space flight?

Justify choice of systems considering 
trade-off of choice in terms of cost 
effectiveness.

Automatic target recognition 
requirements for high speed strike

The positions involved with the solution of 
these basic and critical questions present 
opportunities for the optimum application 
of the technical and analytical backgrounds 
of graduate physicists and engineers with 
both systems and specialized experience.

If you are interested in helping to solve 
these questions and are a graduate physicist 
or engineer with a minimum of three years 
experience in weapon systems analysis, 
operations analysis, IR, physics of space, 
signal processing or communication 
theory, we invite your inquiry. For 
immediate consideration, please airmail 
your resume to: Mr. Robert A. Martin, 
Supervisor, Scientific Employment, 
Hughes Aerospace Engineering 
Division, Culver City 27, California.

Optimum signal processing techniques 
for inter-planetary telecommunications.

IR systems requirements for ballistic 
missile defense.

Maintenance and logistic requirements 
for weapon systems.

opportunities for

systems analysts

<1

,x. "i 3 r-

reconnaissance systems or unmanned 
satellites.

HUGHES AIRCRAFT COMPANY

AEROSPACE ENGINEERING DIVISION
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Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS Programs

SUNNYVALE. PALO ALTO. VAN NU YS. SANTA CRUZ. SANTA MARIA. CALIFORNIA • CAPE CANAVERAL. FLORIDA • HAWAII

grid — 25

M As System Manager of this fantastic program, Lockheed
■ Missiles and Space Division coordinated its overall
■ design, research, development, testing, assembly, and
■ evolved the missile frame and reentry body. Outstanding
■ competence and teamwork brought the polaris to 

|Lg operational status years ahead of schedule. Such 
V accomplishments exhibit a bold, imaginative

approach to new and unusual concepts.

W Similar challenging opportunities are continually
V developing at Lockheed. Other programs reach far into 

the future ... a rewarding future which engineers and 
scientists of creative talent and inquiring mind are 

invited to share. Write Research and Development Staff, 
Dept. M-16D, 962 West El Camino Real, Sunnyvale, California.

U. S. citizenship or existing Department of Defense 
industrial security clearance required.

“A revolutionary and practically invulnerable ballistic missile 
system.” President Eisenhower thus characterized the polaris

k Fleet Ballistic Missile—capable of being launched from hidden 
^k nuclear submarines anywhere in the oceans of the world.

april 1961

Lockheed/ MISSILES AND SPACE DIVISION
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SESSION IVb 
COMPONENTS, RESISTORS, 

CAPACITORS

MICROMINIATURIZATION, SPACE 
COMPONENTS AND RELATED 

DEVICES

GAS MANIPULATION TECHNIQUES EMPLOYED 
IN MATERIALS AND COMPONENTS 

EVALUATION
L. R. Yetter, I.B.M., Owego, New York

SOLID ALUMINUM ANODE CAPACITORS, A NEW
DEVELOPMENT IN ELECTROLYTIC CAPACITORS
Wolfgang Post, Singen Aluminum Works, Ger

many

THE SELECTION AND APPLICATION OF 
ELECTROMAGNETIC RELAYS FOR USE IN 

ELECTRONIC EQUIPMENT
J. A. Csepely, Electronics Division, Westinghous; 

Electric Corporation, Baltimore, Maryland

PROBLEMS IN THE DEVELOPMENT OF A 
300 C CAPACITOR

E C Henry and A. V lllyn, Electronics Labora
tory, General Electric Co , Syracuse, New York

VITREOUS ENAMEL CAPACITOR DEVELOPMENT 
FOR HIGH RELIABILITY AND MILITARY 

APPLICATIONS 
Vitromon Inc., Bridgeport, Con-

Ibis paper presents the results of an extensive 
survey of the literature published during the pas' 
30 year dealing with those features of electro
magnetic relays which were deemed to be of the 
greatest importance and utility to an engineer 

in the design of electronic equipment.

Wednesday, May 3 
2:00-5:00 P.M.

ANALYSIS AND SYNTHESIS WITH THE "COM- 
PLETE" EQUIVALENT CIRCUIT FOR THE 

WIDE BAND TRANSFORMER
Thomas R. O'Meara, Hughes Aircraft Co , Los 

Angeles, California

One of the oldest lumped-parameter models for 
the transformer has been analyzed from the view
point of modern network theory. If the turns ratio 
of a transformer does not depart too greatly 
from unify, it is shown that many of the standard 
networks and design relations ore greatly in error

Some type of transformer-coupling networks 
may be represented at high frequencies by net
work models with only one (primary-secondary) 
capacitance and one leakage inductance, but 
most require of least three capacitances and one 
leakage inductance. General design relations, valid 
for any turns ratio, have been developed for a 
transformer with only primary-secondary shunt 
capacitance. It is shown how these reduce to 
the usual expressions for a small turns ratio.

If there exists appreciable primary and sec
ondary shunt capacitance m addition to inter
winding (primary-secondary) capacitance, then a 
three-pole, two-zero transfer characteristic is re
quired to describe the transformer, and the analy
sis becomes more difficult. However, one may 
sometimes reduce the degree of the transfer func
tion by designing for zero-pole cancellation. In 
any event, if a desired rational function transfer 
characteristic is available, one may generally 
(subject to turns-rotio limitations) match the trans
former to the characteristic by the use of standard 
synthesis procedures.

A limited number of experimental checks have 
obtained good agreement between the theory and 
the data.

Ability to collect and analyze gases and vopo»» 
has proved to be useful in the investigation of

(Continued on page 29)
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frequency bond. Operating data demonstrating 
instantaneous bondwidth of up to 100 me in 
this frequency range will also be discussed.

electronic components is often 
degraded by the drift of component-port para
meters os a direct result of exposure to life-test 
conditions. Vitromon, Inc., embarked upon a pro
gram to develop a vitreous enamel dielectric that | 
is impervious to the conditions of accelerated life 

tests.
The improper selection of raw- material was 

found to be the cause of parameter drift. By | 
incorporating proper modifications a capacitor 
was developed whose K did not vary with lift 
tests. The dissipation factor, insulation resistance, 
and Q of test units were, in fact, improved from 
pre-lift test values after having aged for 20CO 
hours at 125 C and 90 volts per mil. These same 
ports have completed 8000 hours of testing with 
no significant parametric change.

A seventy-two-hour lift test was developed 
which is comparable to 2000-hour life conditions.

Development of a high-temperature ceramic 
capacitor was undertaken with a view to using 
a material having a dielectric constant higher 
than that of alumina. The objective was, in part, 
to permit some reduction in size. Limits on per
missible temperature coefficient of capacitance and 
resistivity were set in advance.

Fourteen binary and twelve tenory composi
tions were synthesized by high-temperature solid
phase reactions of simple oxides or carbonates 
In general, refractory oxides were chosen in order 
to prepare material that would be chemically 
stable at high temperatures. Chemicals of high 
purity were employed, to minimize the effects 
of impurities. In most instances, electrical prop
erties improved with increasing density of the 

fired ceramic compact.
The compositions tested had dielectric constant 

values ranging from 11 to 350, higher than that 
of alumina which is approximately 9. Some of 
them had sufficiently high electrical resistivity of 
300, 400, or 500 C, along with good dielectric 
constant, that their r-c products (megohm-micro
farad values) exceeded those of alumina at these 

temperatures.
Part of this investigation was carried out under 

Contract No. NObs-77070, Bureau of Ships, De

partment of the Novy.

LOW FREQUENCY GYRATORS
C. P. Germano, D. R. Curran, Electronic Re

search Division Clevite Corporation, Cleve

land, Ohio

Piezoelectric and piezomognetic effects can b? 
combined to form a linear passive antireciprocol 
four pole, resulting in the aggregate character- 
istics of a simple electromechanical band-potj 
filler cascaded with on ideal gyrator.

Electromechanical gyrators have been designer 
utilizing several modes of vibrot.on to cover fre
quencies from 0 3 to 1000 kc Bandwidths ranging 
from 1 to 3 per cent of center frequency ha*e 
been realized with power-insertion losses of less 
than 2 db over most of this range.

Equivalent circuit elements are evaluated and 
design procedures discussed. Performance do»o 
presented includes input, transfer, and inserfion
loss characteristics for typical units.

Because of their antireciprocal characteristic, 
gyrators can be combined with reciprocal net
works to form isolators. Problems included in the 
realization of isolators using electro•mechon.:cc, 
gyrators ore discussed and a 
band isolator is presented.

Performed under Contract AF 30(602)-2202, Rome 
Air Development Command, Griffis A.F.B.

A S. Takacs, 
neticut

National Bureal of Standards observed 
this type of scattering using a one- 
megawatt 40-mc radar. While the total 
scattered power was the right order of 
magnitude, the spectral broadening 
was only of the order of 1 0 kc as com
pared with the predicted broadening 
of the order of 1 me based on electron 
temperature of 2000 K tn the F-layer. 
This narrow spectrum has been attrib
uted to the interaction between the 
electrons and ions. Roughly stated, this 
interaction causes the spectral width 
to be that which would have resulted 
if the electrons had the mass of the 
ions and had been completely free to 
move.

A discussion of the analysis of T. 
Hagfros of Stanford for the spectral 
distribution based on a spatial Fourier 
analysis of electron density fluctuation 
for the plasma in thermal equilibrium 
was presented. The electromagnetic 
waves couple only to the Fourier com
ponent with the right direction and 
wavelength so that a selective scatter
ing occurs.

In the presence of a magnetic field 
perpendicular to the direction of propa
gation, it appears that modulation of 
the spectrum due to ionic gyro-frequen
cies can be detected. From the fre
quency of the periodic components one 
may infer the mass of the gyrating 
ions, so that, in principle at least, a 
radar mass-spectrometer appears pos
sible. To test this theory, Bowles is 
presently building, in Peru, a 50-mc, 
6-megawatt radar with an antenna 
array of 213 dipoles covering an area 
of 1000 x 1000 ft. Gordon is also 
building a 400-mc radar probe utilizing 
a 1000-ft dish in Puerto Rico.

The lecture was concluded with a 
consideration of the possible use of 
this scattering mode for communication. 
It appears that such scattering over 
oblique paths could be used as an 
important new mode for long-distance 

(Continued on page 28)



GUARD AGAINST
SIGNAL DROPOUTS

WITH RELIABLE
TAPES

CELLULOSE ACETATE "MYLAR”

1.5°15.9° 

7

3.03.0--

1.0--

© O

flUPOB
Belter Thing* for Beller living . . . through Chemitlry

.Posit ion.

.State..Zone.

n
i

INITIAL
TEAR STRENGTH 

(GRAVES TEST) 
per ASTM D 1004 49T

1.5 MIL 
CELLULOSE 

ACETATE
0.4

c/>

i 2.0-- 
£ The tremendous cost of gathering data de

mands reliability. Get it with tapes of “Mylar”. 
Send coupon for free booklet of comparative 
test data and judge for yourself. Du Pont Com
pany, Film Department, Wilmington 98, Del.

*Du Font’s registered trademark for its polyester film.

Tapes of “Mylar” also resist stretching and 
breaking from sudden stops and starts, edge 
nicks, and are unaffected by humid storage and 
aging. They have 7 times the initial tear strength 
of ordinary plastic tapes!

 

CUPPING
Test per MIL-T-21029 (Ships) Section 4.4.6.

Average degree of cupping:
1.5 mil Cellulose Acetate—15.9° (Range: 12.0°
to 33.5°) 1.5 mil‘'Mylar”—1.5°

Signal dropouts can make the data from critical 
tests completely useless. That’s why the relia
bility of your magnetic tape base is so impor
tant. Tapes of Mylar* because they’re di
mensionally stable, resist cupping which may 
cause signal dropouts from loss of contact with 
the recording or playback heads. They also re
sist swelling and shrinking which can cause 
track displacement.

april 1961 
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E. I. du Pont de Nemours & Co. (Inc.)
Film Department, Room #13, Wilmington 9S, Delaware

Please send free, 12-page booklet of comparative test data to help me 
netic-tape reliability.
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HIGH-VOLTAGE 
COMPONENTS

HIGH-VOLTAGE CABLE 
TERMINATIONS

— AUDIO
DELAY LINES

Society,
Society,

American
American

Woodside 77, N.Y. • YE 2-0800 
represented by

M W. RIEDEL & CO 
136 E. Valley Blvd.
Alhambra, Calif.

—: sizes 
ly used 
tor op 
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Phone DA 1-5252
979 Commerciol Street • Polo Alto 4, California 

Greetings to the 1961 Components Conference!

(A Division of the Permanent 
Employment Agency)

825 San Antonio Rd. Palo Alto 
DA 6-0744

many client firms on

ap ril 1 96 I

Type L894C with 5000 usee 
features phase linearity of 
± 0.1% in center frequen
cy band, 100 usee rise 
time, 3 db point at 3.5 kc, 
cut-off at 7 kc. m-derived 
network design plus match
ing of individual sections 
and phase equalization in
sure precision performance. 
Many models in standard 
rack-type cabinets avail
able. Write for data.

COLUMBIA 
TECHNICAL

meeting
A DANGLING PARTICLE IN THE SKY

Don Williams of the Hughes Aircraft 
Company addressed a joint meeting of 
PGCS, PGMIL, and PGSET in February 
on a Synchronous Satellite Relay for 
Communications. The economy or 
launching and maintaining an orbiting 
communication system capable of re
laying up to 600 two-wire telephone 
messages over transcontinental dis
tances was capably discussed by Wil
liams of the Airborne Systems Group.

The considerations necessary io es
tablishing a synchronous orbit, wirh a 
period of 24 sidereal hours and the ad
ditional problems of establishing a sta- 

(Continued on page 31)

Launching trajectories were discussed 
by Don Williams of Hughes at a Feb
ruary joint meet nig of PGCS/PGMIL

PGSET

a free

STANDOFF INSULATORS
Rugged standoffs for mounting high-voltage 
transformers and other equipment are pro
duced by COMPONENTS on special order 
to meet individual requirements.
ENCAPSULATING SERVICES
Special department maintained to produce en
capsulated. cross-sectioned electron tubes, 
delicate coils, etc. Used for detailed measure 
ments, structural analyses, or visual display.

communications in the vhf and uhf 
bands.

Dr. Eshleman was born in Darke 
County, Ohio, in 1924. He received his 
BEE degree from George Washington 
University and his MS and PhD degrees 
from Stanford University. In 1950-51 
Eshleman was awarded an Atomic En 
ergy Commission fellowship in the 
physical sciences. Since 1952 he has 
been with the electrical engineering 
department of Stanford University as a 
research associate, an assistant profes
sor, and currently, as an associate pro
fessor He has published about 30 
technical papers in the fields of 
radio communication, upper atmospher
ic physics, and radar astronomy. Eshle- 

is a member of the IRE, URSI, 
Sigma Tau, Sigma Xi, the American 
Astronomical Society, the 
Astronautical Society, the 
Association for the Advancement of 
Science, and the American Geophysical 
Union. He is a Fellow of the Royal 
Astronomical Society.

ENCAPSULATED OPEN-CORE 
TRANSFORMERS 

Scries of proved designs 
for filament, isolation, 
and high-voltage supply 
transformers and reac
tor chokes feature com
plete encapsulation of 
windings in epoxy resin. 
Voltage range is from 
15 to 6,000 va—isola
tions up to 300 kv. In 
each type, the epoxy

resin construction provides constant electrical 
characteristics over a long service life and 
minimum size and weight for corona-free op
eration at rated high voltage. Very low capac
itance is an additional feature of these designs 
which can be produced for operation either in 
air or in oil.

STAN DOFF-ENCAPSULATED 
FILAMENT TRANSFORMERS

Filament transformer, recti
fier-socket mount, and corona 
cap. all integrated into a 
neat single unit, combine 
rugged characteristics with 
low power losses. Three 
cover most commonly 
tubes. Isolation range 
eration in air, oil. or vac 
runs from 40 to 200 kv j 
Filament transform! 
accessible, adjustable

Tank-mount
ing units in 
standard types 
available for 
cablc-to-air or 
cable-to-oil op
eration. All have 
exclusive inter
nal stress con
trol for uniform 
field distribution over surface. Standard units 
range from 75 kv to 150 kv. Types for spe
cial order go to 300 kv. RG-typc cables arc 
easily connected and disconnected.

FEED-THROUGH BUSHINGS
Corona - free 
high - voltage 
fccd - through 
bushings for air 
and oil environ
ment have 50, 
75. 150, and 
300 kv d-c rat
ings. These arc 
integrally cast 
with internal 
stress control for 
uniform field 
gradients.

and learn about the opportunities 

for career advancement with our
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George N. Hatsopoulus, MIT, Cambridge, Mass.

Send professional resume to
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THE EFFECT OF STAGING ON THE PERFORM- 
ANCE OF THERMIONIC CONVERTERS

S. N. Lehr and V. J. Tronolono, Space Technol
ogy Laboratories, Los Angeles, California

problems in these areas and who have 
the ability to investigate novel concepts 
and try unconventional methods.

Applicants must have an outstand
ing academic background with a Ph.D. 
degree, or equivalent experience and 
a Masters degree, in physics, astron
omy, or electrical engineering. A min
imum of five years of industrial or 
academic experience in the following 
fields will normally be required: optical 
physics, astrophysics, cryogenics, inertial 
guidance, celestial navigation, and computer 
and logic devices.

Qualified scientists will be offered 
the opportunity to work in an unusu
ally stimulating atmosphere and will 
have available excellent supporting 
facilities for experimental and analyti
cal studies.

The successful execution of these 
programs requires extensive research 
efforts of a basic nature in the areas 
of celestial navigation and the guid
ance and control of vehicles operating 
far out in space. The problem areas 
being investigated include novel con
cepts in navigation based on astrophys
ical phenomena as well as research 
on inertial, optical, and electro-optical 
sensors of various types.

Other examples of present research 
activities in this area are cryogenic 
studies related to gyro and computer 
techniques, gas lubrication and flota
tion of sensing masses, research in 
solid-state physics, and many others.

The Laboratory has a number of 
positions open for scientists who are 
interested in working on challenging

0 CALIFORNIA INSTITUTE OF TECHNOLOGY

JET PROPULSION LABORATORY 
4800 Oak Grove Drive, Pasadena, California

“T“he Jet Propulsion Laboratory in Pasadena, California, has 
I been given the responsibility by the National Aeronautics 

and Space Administration of managing and executing a 
number of highly significant explorations in space. They 
include lunar and planetary missions such as fly-bys, orbiters, 
and unmanned roving vehicles for the observation of the 
surface of the moon and the planets. Other missions 
planned for the future involve trips outside of the ecliptic 
and beyond the confines of the solar system.

THE SPACE ENVIRONMENT AND ITS EFFECTS 
ON MATERIALS AND COMPONENTS

april 1961
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Multistage thermionic converters are analyzed 
in detail. Both the case of infinite stages and 
that of finite stages is considered. It is found that 
staging of thermionic converters results in a con
siderable improvement of the overall efficiency 
of the system. In the case where large numbers 
of stages are used, an optimum work function 
exists for the electrodes. The optimum work func
tion is strongly dependent on temperature. In 
the low temperature range, the optimum work 
function is far lower than the work functions of 
the presently available materials and therefore 
is not of practical significance. Comparison of a 
one-stage versus a two-stage converter, each 
operating between the same temperatures, indi
cates o 22-per-cent improvement of efficiency of 
the latter as compared to the former.

various electronic components and in the studies 
of materials being developed for future compo
nents. The evaluation of components requires that 
•he component's atmosphere be sampled and 
analyzed during operational and environmental 
conditions to determine materials reaction prod
ucts, particularly gaseous decomposition products. 
A number of gas extraction and transport sys
tems also have been employed in materials-de- 
velopmentol programs.

To evaluate the components, gases are en
trapped in controlled environment fixtures, both 
vacuum and inert atmospheres, in which the com
ponent can then be energized, heated, or rup
tured for the purpose of investigation. The trapped 
gases are then analyzed for composition by moss 
spectrometric analysis.

Various vacuum extraction techniques hove 
been employed to investigate residual gaseous 
contaminants in deposited metallic films These 
techniques include static and dynamic degassing 
ot temperatures up to 1000 C and vacuum fusion 
degassing at 2000 C, after which the quantities 
and composition of the gases are determined by 
moss spectrometer analyses. Results from the 
various degassing techniques may be interpreted 
to indicate modes by which the gases are oc
cluded in the material, i.e., by physical sorption 
or by chemical reaction.

Gas analysis techniques also have been used 
in studying reaction processes, such os the forma
tion of ferrites. Ferrite-forming processes have 
been investigated from rote-temperature studies 
of carbonate-oxide mixtures. Oxygen diffusion 
measurements have been made in studying the 
exchange mechanisms in ferrites, using enriched 
0”.

Space environments are considered in terms of 
temperature, high vacuum, micrometeorites, radia
tion, and other phenomena; with particular atten
tion to the effects of such environments, insofar 
os they orc known or conjectured, upon plastics, 
metals, both organic and inorganic materials, 
ond upon electronic parts.

Information was compiled from a literature 
survey and from experience and is presented as 
on aid in the design and fabrication of electronic 
equipment for space vehicles. Data ore presented 
concerning the behavior of materials in space, 
covering information not available in the usual 
engineering handbooks.

r
k -•
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Salutes
THE 1961 IRE SEVENTH REGION CONFERENCE

in Phoenix April 26-28

THE 1961 ELECTRONIC COMPONENTS CONFERENCE

in San Francisco May 2-4

4061 Transport Street—Palo Alto, California

ComjpOGDSDDt

Engineers

LUNCHEON

april 196130

and supports the purposes of these conferences in reporting 
and advancing exciting developments in the microwave field

Thursday, May 5 
2:00-5:00 P.M.

(Continued on page 32)

PROGRAMMING USING DIGITAL TECHNIQUES, 
SOLID-STATE DEVICES, AND RESISTANCE 

WELDED CONNECTIONS

W. F. Shoop and A J. Kaplan, Space Technol. 
ogy Laboratories, Los Angeles, California

TANTALUM FILM CIRCUITS—PART II

W. H. Jackson and C. J. Spector, Bell Telephone 
Laboratories, Murray Hill, New Jersey

TANTALUM FILM CIRCUITS—PART I

C. J. Spector and V/. H. Jackson, Bell Telephone 
Laboratories, Murray Hill, New Jersey

STANLEY F. KAISEL 
President

EUGENE L. ROGERS 
Director of Marketing

FRED M. SCHUMACHER 
Chief Engineer

SPACE TECHNOLOGY LABORATORIES, INC. 
a subsidiary of Thompson Romo Wooldridge Inc.

P.O. Box 95005P • Los Angeles 45, California

Orbiting Geophysical Observatory

Those knowledgeable In the application of components to support design 
and packaging are offered challenging assignments in the Parts Application 
Section of STL’s new Electronics Division. In applying their talents to such 
new programs as OGO (Orbiting Geophysical Observatory), apd others In the 
space vehicle and guided missile fields, STL Component Engineers will solve 
new problems associated with the space environment —as reliability, 
complexity and miniaturization place new and unique demands upon the 
application of component parts.

Requirements include a BSEE, or equivalent, plus familiarity with military 
component specifications, techniques for developing high reliability 
requirements for procurement specifications, and working knowledge of 
component part limitations for guiding intelligent application. The following 
specialties are desired —semiconductors, magnetic components, wire and 
cable, connectors, electromechanical devices, resistors and capacitors.

STL provides opportunity for professional growth, salary commensurate with 
experience, background and ability, as well as excellent employee benefits.

Engineers attending the Electronic Components Symposium in San Francisco 
are invited to discuss these and other current opportunities at STL by 
contacting Mr. Paul Lee at PRospect 6-4469, May 2-4. Or, if more convenient, 
please forward resume in complete confidence to Dr. R. C. Potter, Manager 
of Professional Placement and Development.

Integroted circuits utilizing tontolum thin films 
hove been described previously, This system mini
mizes the number of critical material Interfaces 

because both resistors and capacitors are pro
duced from the some film. Also, o single process 
of anodizing Is used to adjust resistors and to 
form the capacitor dielectric. An rctl film circuit 
has been constructed, by etching the tantalum 

film to define the circuit pattern, and its per
formance is the same as that of the circuit con
structed with conventional components.

The stability of thln-tantalum-film capacitors 
and resistors makes it possible to realize pre
cision circuitry. The development of this precision 
circuitry has imposed special problems of pre
cisian photography, masking, etching, and adjust
ing in order to take full advantage of the tan
talum film system. The development of these 
techniques will be discussed.

SESSION VI 
MICROMINIATURIZATION, SPACE 
COMPONENTS, MATERIAL AND 

RELATED DEVICES

Advanced solid-state digital circuitry applied to 
programming of missile and space-vehicle con
trols in a subminiaturized package using all re
sistance-welded connections is described.

One of the unique features of the circuit de
sign is the unit's ability to retain the stored- 
count information during input voltage dropout 
periods up to 50 seconds in duration without 
affecting the predetermined sequencing prof>-e 
Radio-frequency interference is essentially elim
inated due to tho method employed in shielding 
the box and input leads. The unit has been de
signed to conform to typical environmental re
quirements for deep space probes.

Full advantage has been taken of the maxi
mum density approach to packaging permitted 
by the low-heat resistance welding of intercon
nections. Ruggedness and protection of circuitry 
against space environments has been attained by 
careful choice of encapsulation for welded mod
ules and interwiring matrices.

Tho paper is Illustrated with results of tests 
conducted to establish the choice of circuitry, ma
terials, and weld-process techniques. Examples c* 
construction and final equipment are pictorially 

presented.

Thursday, May 5 
12:15-1:45 P.M.

SPACE PROBLEMS: CREATED OR SOLVED BY 
COMPONENTS?

C. W. Harris, Director of Quality Assurance 4 
Test Services, Lockheed Missiles & Space Di
vision, Lockheed Aircraft Corp.
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JENNINGS RADIO MFG. CORP . 970 McLAUGHLIN AVE . SAN JOSE 8. CALIF . PHONE CYpress 2 4025

—James Hussey photo 
Dr. Kenneth Mallory, Stanford Uni
versity, speaker at the February 1 5 
joint PGED/PGMTT meeting on Proj
ect /VI. Paper was reviewed in March

VACUUM COAXIAL 
R ELAYS — For higher 
pulse power at higher 
frequencies

Model RC43 LCA1:

Characterijtic Impedance:
Power Rating:
Frequency Range:
VSWR:
Crosstalk:
Insertion Loss:
Actuating Voltage:

Model RC41 CAI:

Characteristic Impedance:
Power Rating:
Frequency Range:
VSWR:
Crosstalk:
Insertion Loss:
Actuating Voltage:

US- 

an-

50 ohms
1 kw averagez 15 kw peak at 600 me 
0 to 600 me 
1.05:1 max.
Greater than —30 db isolation at 400 me 
0.05 db max.
24 or 115 vdc

50 ohms
2 kw average at 30 me 
0 to 600 me 
1.05:1 max.
Greater than —30 db isolation at 400 me 
0.05 db max.
24 or 115 vdc

Write for more detailed literature on Jennings complete line of coaxial 
and other vacuum relays.

Jennings announces an entirely new series of vacuum coaxial relays for 
use at frequencies up to 600 me. Small, efficient vacuum transfer relays 
in a specially designed coax housing enable these relays to carry up to 
15 kw peak power at 600 me.
These relays are singularly effective for use as a transmit-receive relay. 
Vacuum guarantees permanently low contact resistance that does not change 
even if the relay is accidentally switched under load. The result is a low and 
stable VSWR in any environment. Some units weigh as little as 11 ounces 
and range in size from only 3-1/4 inches to 4-1/16 inches high.
Four different sizes of housings are available to accommodate a variety of 
standard coaxial connectors for different power level requirements. Housings 
are available with the following connectors: BNC, TNG, N, UHF, C, HN, and LC.
Consider the performance characteristics of these two relays:

VACUUM MEANS

MORE relay satellite 

tionary orbit on the equatorial plane 
v^ere capably discussed by the speaker. 
The altitude, some 22,000 nautical 
miles above the earth, establishes cri
teria for the transmitter power and the 
repeater sensitivity as well as the ra
diant power back to earth. Williams 
pointed out that with a stationary orbit, 
one could use large fixed antennas at 
the ground stations, such as dishes 
figuratively dug into the earth.

In addition ro the desirability of 
ing very high gain, massive ground 
tennas to cover the great ranges in
volved, one might consider that the 
satellite should use a pencil beam an
tenna oriented by an attitude-stabilized 
payload. This in turn would mean more 
weight to the satellite, dictating a larger 
and more expensive booster. The at
tendant costs of the project then be
comes prohibitively expensive. The 
Hughes design employs a co-linear slot 
array antenna whose pattern is a figure 
of revolution about the spin axis. This 
design permits spin stabilization of the 
satellite. A maximum antenna gain of 
8 db is realized in the circular plane 
normal to the spin axis and in the di
rection of the earth when the satellite 
is oriented.

The satellite consists of two concen
tric cylinders, the outer one 28 in. in 
diameter and 13 in. in length. The 
outside surface of the larger cylinder 
is coated by 2,700 glass-covered silicon 
solar cells capable of providing 18 
watts of electrical power. Around the 
inner surface of the outside cylinder 
are toroidal compressed-nitrogen gas 
tanks which provide fuel for the pay- 

(Continued on page 33)
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Impedance Bridges and Accessories
Decade Voltage Dividers
Decade Resistors and Capacitors
ESIAC Computers

IMPROVED ELECTRICAL ALLOYS—A KEY TO 
IMPROVED ELECTRONIC COMPONENTS

C. M. Jackson, J. G. Dunloavy, and A. M. Hall, 
Battelle Memorial Institute, Columbus, Ohio

ENHANCING THE BRIGHTNESS OF ELECTRO
LUMINESCENCE CELLS

William Brooks, Microsystems Electronics De- 
par.T.ient, Lockheed Missiles & Space Division, 
Sunnyvt’le, California

J

THE USE OF RHENIUM IN THIN FILM 
RESISTORS

H. E. Culver and Charles Feldman, Physical Sci
ence Laboratory, Melpar, Inc., Falls Curcb, 
Virginia

A unified approach will be presented for tre 
integration of advanced micro-circuitry technolo
gies into functioning circuits and their subsequent 
interconnection to form micro-assemblies. Maxi
mum realization of advantages of micromimoturi- 
zafion will be achieved in equipment design only 
as advances in film techniques, semi-conductor 
packaging, and solid circuit processing ore able 
to be efficiently integrated into micro-assemblies. 
Such micro-assemblies are conceived os compris
ing wafer-type functional circuits which ore then 
stocked one over the other to be integrated by 
electron-beam welding techniques into micro- 
assombllos. Current developments will be de
scribed which illustrate the feasibility of electron
beam techniques for achieving interconnection 
termination densities approaching 1600 per square 
inch (the intersections of a 0.025-inch grid.)

3540 Wilshire Blvd., Los Angeles
640 Donohoe St., Palo Alto
Box 6544, San Diego

INTEGRATION OF MICROMINIATURIZATION 
INTO MICRO ASSEMBLIES

R. A. Gerhold, U.S. Army Signal Research and 
Development Laboratory, Ft. Monmouth, New 
Jersey

E7<ecitf-<o> Scientific Industries
7524. S W. MACADAM • PORTLAND |9, OREGON 

ELECTRO-MEASUREMENTS, INC, ■

4
■

'FF

Advances in the field of electronic components 
frequently depend on the metallurgist's ability to 
develop new allows possessing specified combina
tions of electrical properties. The lack of o suit
able allqy may delay or prevent development of 
a particular component.

To compound a specific alloy for a particular 
electronic component, the requirements of the

(Continued on page 55)

Call TSI
DU 5-6051
DA 5-3251
AC 2-1121

St!(<. TECH-SER, INC.
| Electronics Engineering Representatives

AT YOUR SERVICE, the world’s largest direct 

telephone network I Local directory listings 

in all principal marketing areas — no long 

distance charges! Check the yellow pages — 

coll us direct for fost, accurate product, purchasing, service 

information. Any questions? Use your phone. Tolk to on 

ESI Applications Engineer at the factory as easily as 

calling across town or to the next office. If 

listed in your exchange, call us collect — 

CHERRY 6-3331, PORTLAND, OREGON.

Duo fo intrinsic properties of electroluminescent 
phosohor>, there is on optimum particle size for 
maximum brightness ot a given applied voltage. 
There is also an optimum applied frequency ora 
waveform to achieve maximum brightness.

The electroluminescent phosphor brightness is 
very voltage dependent. The binder material in 
which the phosphor is dispersed plays an im
portant role in placing a large portion of the ap
plied voltage across each phosphor particle. The 
effect of various binder materials and methods 
of loading the binder with high K materials to 
increase the effective binder dielectric constant is 
discussed. Curves ore shown of experimental cells 
which have increased brightness due to loading 
of the binder.

A new technique of chemically coating each 
phosphor particle with a high-dielectric-constonf 
transparent coating is described. The greatly in
creased brightness due to this treatment has been 
measured experimentally. A new brightness-vs- 
applied-volfage characteristic is obtained which 
is different from previously reported cells.

Rhenium films have been vacuum deposited 
using an electron-beam technique. The electrico' 
resistance of these films is stable at temperatures 
up to 500 C. Controlled and repeatable electrical 
characteristics are obtained. A discussion of for
mation techniques and curves of electrical char
acteristics will be presented.

--------------

1 MEASUREMENTS



—saves freight charges and shipping time for customers

M<A
Main Office: 1055 East Walnut Street • Pasadena, Calif. • MU 1-7411

Service on these instruments:
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McCarthy now SERVICES, REPAIRS, 
and CALIBRATES all instruments it sells

Daytronic Corp.

Di-Tran Corp. Massa Div. of Cohu

John Fluke Mfg. Co. (Calif, only) Millivac Div. of Cohu

Sensitive Research Instrument Co.

Sorensen

Every instrument represented by McCarthy can now be serviced and repaired 
at the Pasadena headquarters—in-warranty, and out-of-warranty. No longer is 
it necessary to send instruments back to the factory.

Calibration is also provided—at servicing time, or on a regular mainten
ance basis. Standards used are certified by the National Bureau of Standards— 
hence we can guarantee traceability to the Bureau.

McCarthy associates, inc.
ENGINEERING SALES & SERVICE

more relay satellite
load's orbital orientation and velocity 
control jets as well as supporting the 
solar cell structure. The integrated avi- 

| onic package is in the inner cylinder 
or central cannister.

Communications signals are broad
cast from the ground via uhf, are 
received and mixed with a master 
oscillator signal, and the resulting 
intermediate frequency signal is phase- 
modulated for power economy, then 
multiplied up to the S-band and ampli
fied in a twt for transmission back to 
earth. The communications are sent on 
one sideband of the uhf carrier and the 
signals for control of attitude of the 
satellite are sent on the other sideband.

The payload is capable of relaying 
up to 600 two-wire or 300 four-wire 
messages or one television channel. It 
will accept input from any number of 
ground stations on a frequency-division 
basis. Base bandwidth is 4.5 me wide.

Williams gave a very convincing ar
gument for launching from an isolated 
island near the equator and the Hughes 
scientists have even settled on Jarvis Is
land which is two square miles of U.S. 
Department of Interior property situated 
about 1300 miles south of Honolulu. 
Oddly enough, the costs, even including 
the terrific logistics necessary for main
taining a site on an isolated island, 
still compare favorably with costs of 
using one of the Cape Canaveral pads.

Since this in-house project at Hughes 
is designed for a commercial communi
cations project, economics is of a para
mount importance if the system is to 
pay off. For example, the choice of an 
isolated island near the equator also 
permits a direct ascent into the desired 
orbit with the least size and cost re
quirement for the primary stages of 
the vehicle. Another consideration is 
the trade-off of only one or two sta
tionary orbit vehicles versus some thir
ty-odd low altitude satellites to cover 
intercontinental distances at all times.

Finally, to show that there's some
thing for everyone, it was pointed out 
that the Hughes project would supple
ment and not compete with the pro
jected ARPA - Signal Corps Project 
Advent since much of the military com
munications is unclassified but consists 
of very heavy traffic. —ken Patterson

student activities
HEALD COLLEGE

The IRE Student Associate Branch at 
Heald College, San Francisco, has 
elected the following officers: chairman, 
Roy Hurd; vice chairman, Jim Brush; 
secretary, William Monks, Jr.; treasurer, 
Gene Bluder; program chairman, Ger
man Gonzales; and membership chair
man, Cal Wong.
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" The Most Trusted Name 
in Electronics

RADIO CORPORATION OF AMERICA

for the exciting Titan 
Project in the peaceful big 
country of Northern Cali
fornia.

A Division of
Radio Corporation of America

LAUNCH CONTROL AND 
CHECKOUT

With Experience in:

FUELING AND 
PROPULSION

ELECTRO-MECHANICAL
INTEGRATION

Mr. Joel M. Winitz 
RCA Service Company 
Bldg. 2471, Dept. GR4 
Beale AFBZ California
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TITAN 
PROJECT

MECHANICAL 
EMPLACEMENT

PGEP at work and play. Thomas Scat chard directs the work-simplification game 
in which the audience at the February meeting searched for hidden gold
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RCA Management will 
conduct interviews in 
many California cities 
soon. If you are interested 
in discussing a new future 
with RCA's Titan Team, 
send your resume to or re
quest an application from 
the address below. Precious things come in 

small packages. In the 
world of electronics, in 
fact, the smaller the pack
age that will do the job 
the better and more prec
ious.

So Fairchild Semiconduc
tor Corporation yesterday 
announced a new develop
ment that it expects will 
lead to a "90 per cent re
duction in the size and a 70 
per cent itcderoiunn olor 
per cent reduction the 
cost of the logic section of 
a computer."

—From the San Francisco Chronicle, 
March 17, 196!

nity to try their skill on a peg board. 
This is part of the work simplification 
training program and many humorous 
situations came up during this test, 
particularly when an incentive was in
troduced in the form of a gift wrapped 
I. W. Harper. The winner sure enjoyed 1 
that one.

After the audience had become fa
miliar with the work simplification pro
gram, its techniques and mechanics. 
Scatchard displayed a flow chart show
ing all the trouble a man gets into 
when he wants a beer out of tne re
frigerator. One of the employees oi 
Beckman had worked on this project 
and he was able to simplify the beer 
getting to require V3 as much effort 
doing it the new way compared to 
the old.

One of the work simplification teams 
at Beckman made a presentation on 

of its projects and the savings 
achieved. Along with the demonstra
tion, a number of work simplification 
projects were displayed.

After a plant tour, followed refresh
ments and the crowd visiting the plant 
was most enthusiastic over the program. 
Beckman/Berkeley should be congrat
ulated on having such fine employee
management relations.

—OLOF LANDECK

meeting

Thomas E. Scatchard, director of i 
factoring. Scatchard said that 
simplification is a philosophy of 
agement, rather than just a 
improvement program.

Allan Mogenson started the program 
at Lake Placid, New York. As a travel
ing consultant, he borrowed ideas from 
people in several fields to make up his 
project. The speaker reviewed the his
tory of work simplification in the Beck
man organization and showed logical 
step-by-step patterns for improving 
methods. This is the basic ingredient 
for method improvements. The major 
contributing factor in work simplifica
tion is human relations.

Experience indicates that most im
provement programs fail to maximize 
value due to inadequate attention to 
human relations. Scatchard said that 
the people closest to a job are in the 
best position to make improvements. 
One of the best ways to overcome 
resistance to changes is not to tell or 
sell, but to consult. Work simplification 
emphasizes the green light and the 
open mind, looking for a better method 
rather than searching for ways that 
won't work. "Work smarter, not harder" 
is the motto of work simplification.

The Beckman program started in 
1956 and has now saved the company 
well over a million dollars. Regular 
project teams and follow-up training 
programs have received national pub
lication in trade magazines. Beckman 
Division is now in its fourth year of 
work simplification and the division has 
realized more than $300,000 in savings 
over a three year period. These savings 
are computed on the basis of 25 per 
cent overhead.

After Scatchard had outlined the 
work simplification organization at the 
Berkeley division, some members of 
the audience were given the opportu-

"Hidden Gold Through Work Sim
plification" was the subject for the 
PGPEP meeting held in the Berkeley 
division of Beckman Instruments at the 
end of February.

The speaker of the evening was 
manu- 
work 

: man
methods
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Meyer J. Leifer, Ampex, 
Section-Wescon director.

S. F. Kaisel, chairman
P. D. Lacy, vice chairman 
Charles Susskind, secretary

Jerre D. Noe, SRI, and
Alan T. Waterman, Stanford, 

treasurer

PALO ALTO ENGINEERING CO.
Dept. R-4 • 620 Page Mill Road • Palo Alto, California

In accordance with the by
laws, further nominations are 
now open.

COMPONENTS
Transformers: Power, pulse, audio, 
miniature, toroidal • Inductors • Delay
Lines • Magnetic Amplifiers • iv ■ |— |— i—■
Filters • Wirewound Variable INI I
Resistors • Solid State Power Supplies
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Under the chairmanship of 
Junior Past Section Chairman 
Dr. Victor B. Corey, the nomi
nating committee has pre
sented a slate of candidates 
as follows:

MICROMINUTES
On February 6, the Executive Com

mittee of the Section met with Dr. L. V. 
Berkner, new president of the Institute.

Awards. Six members, all Fellows 
as is conventional, were appointed and 
confirmed to the Awards Committee as 
follows: Karl R. Spangenberg, Thomas 
H. Morrin, Edward W. Herold, O. G. 
Villard, Jr., John R. Whinnery, and 
Leonard J. Black.

Nominations. Junior Past Chairman 
Dr. Victor B. Corey was announced as 
chairman of the nominating committee 
responsible for Section and National 
officer nominations.

Future Engineers. Thomas Morrin was 
announced as coordinator of the activi
ties for judging the exhibits at the Bay 
Area Science Fair and to represent 
the Section in arrangements for the 
WESCON Future Engineers Show.

Finances. Audits as of June 30, 1960 
have been reported and a financial 
statement transmitted to Headquarters.

Communications. Chapter chairmen 
were reminded and asked to remind 
reporters that duplicate copies of meet
ing notification to the Grid editorial 
offices should be sent simultaneously 
to the Section Office in Palo Alto.

Publications. Grid and Grid-Bulletin

more ecc program
electronic component must be translated into re

quirements for the alloy. The principal considera
tions usually comprise the necessary electrical 

properties, the required degree of reliability, and 
the capability of the material to be fabricated 
into the desired forms. The electrical properties of 

most frequent interest are electrical resistivity and 
temperature coefficient of electrical resistance. 
The reliability of the alloy encompasses the fac
tors of stability and reproducibility. Stability re
fers to the ability of the material to maintain 

•ts properties at desired levels under the operat
ing conditions of the component for a satisfac

tory period of time. The stability of an alloy is 
determined by its ability to resist microstructural 
and submicrostructural changes under the par
ticular environmental conditions. Reproducibility 
refers to the degree to which properties are du
plicated from heat to heat, or lot to lot, of the 
metal This factor is sensitive to composition and 
processing variables. Fabricability may include 
ability to be drawn to fine wire, to be rolled to 
ribbon or foil, or to be precision cast or machined.

CIRCUIT CONSIDERATIONS IN 
MICROMINIATURIZATION

J. J. Suran, G.E., Syracuse, Now York

(Paper 5, Section II—See page 16)

The paper will highlight such items as:
(1) Department of Defense and the Armed Serv

ices Research and Development Program on Elec
tronic Component Parts, this includes physics of 
failure and longevity.

(2) Implementation of DOD Report "Parts Spe
cification Management for Reliability."

(3) Air Force management and technical com
pliance specifications for weapon systems.

(4) Apportionment of quantitative reliability 
levels to subsystems, components and parts.

(5) Methods of quality auditing reliability 
programs.

Why let standard components control your design?
Specify the size. Define per- O> A CT
formance characteristics. *
PAECO offers fast de
livery of reliable com
ponents to meet your requirement, yi iv ■ i—s 
large and small production quantities, AX I Nl I—z 
for commercial application, |—> ■ III r—x
to meet MIL-T-27A. Special- LJ LJ I I— LJ O 
izing in miniaturization, epoxy —i— i i i—
mold plug-in components, I I I LZ.

construction. MAGNETIC

budget matters were discussed. Grid 
costs have increased over budget esti
mates due to the expanded require
ments for service to the growing Sec
tion, to the assumption of clerical 
services formerly supplied by the Sec
tion Office, and to a lack of growth 
of advertising revenues. Efforts were 
recommended in the direction of solv
ing these problems without reduction 
in services, and promotional efforts to
ward increased advertising sales were 
described by the Publications Board.

National Activities. Dr. Berkner led 
a discussion in which the following 
points were made: IRE tries to keep 
about one year's budget operations 
ahead for protection; international 
membership as of January 1 was 
88,500; about $51 per year is spent 
on each member; arrangements have 
been made for reciprocal membership 
transfers between AIEE and IRE for all 
grades except Fellow and Life Member; 
ultimate possible consolidation of AIEE 
and IRE is an open question; “Proceed
ings" print order is expected to go over 
100,000 in the coming year; IRE wishes 
to work with the universities in en
hancing the attraction of engineering 
specialization; and IRE members are 
already operating on the electronics 
committee of ECPD against the time 
when ECPD separates from EJC and 
IRE formally joins the former.
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Will Rayment has resigned as presi 
dent of Sargent-Rayment to join Fisher 
Berkeley Corp. Rayment joined Sargent 
Rayment in 1947 and has been chief 
engineer and general sales manager 
since 1 950. He joins Fisher Berkeley as 
executive vice president.

neering and production management of 
electron tubes.

s
C. 1

swings
IT IS REPORTED

John E. Striker Co. and C. R. Dalton 
& Associates, manufacturers represen
tatives, both of San Carlos, California, 
have merged to form Stridal Corp. Main 
offices of the new organization will be 
at 1037 Laurel Street, San Carlos; with 
a branch at 720 Mission, South Pasa
dena, California. Product lines are in 
the areas of mechanical and electrical 
hardware, switches, power supplies, 
and magnetic components.

Lenkurt Electric has promoted Edward 
G. Hall to the newly created post of 
general commercial sales manager and 
has expanded its direct marketing or
ganization to carry out its increased 
distribution activities. Hall formerly was 
western district sales manager. He is 
succeeded by Robert E. Graham, for
merly manager of sales to the Bell Sys
tem and other direct accounts.

' I ’
I'

Chao Kolsky

(Continued on page 38)

Ampex Corporation will relocate the 
tape unit division of its newly formed 
Ampex Computer Products Co. in the 
Culver City, Calif, headquarters of 
Computer Products Co. Culver City op
erations are devoted to the production 
and marketing of ferrite-core products 
and core-memory storage systems for 
the electronic data processing industry. 
The tape unit division designs, manu
factures, and markets magnetic-tape 
memory systems.

Negotiations have been concluded 
for the formation of a British company 
in the microwave-tube field by Litton 
Industries, Inc., and Elliott-Automation 
of London, England. The new firm will 
handle production, distribution, and 
sales of electron tubes developed by 
Litton's electron tube division of San 
Carlos, Calif., and microwave tube op
erations of Elliott Brothers (London) Ltd., 
a member of the Elliott-Automation 
Group.

Dr. Alexander D. MacDonald has 
joined the microwave physics labora
tory of General Telephone & Electronics 
Laboratories, Inc., as a senior engineer
ing specialist. MacDonald will direct a 
program to study microwave break
down phenomena in ionized gases. A 
series of experiments will be conducted 
to measure the basic plasma para
meters of air in order to understand 
fully the microwave breakdown proper
ties therein.

Prior to joining the GT&E laboratories, 
Dr. MacDonald was professor of physics 
at Dalhousie University, Halifax, Can
ada. He had been associated with the 
University since 1949. In addition, he 
served as a research scientist with the 
Defense Research Board fn Canada, and 
spent a one-year sabbatical leave at 
the microwave physics laboratory work
ing on gaseous electronics problems. 
In 1945 Dr. MacDonald received the 
BS degree in mathematics and in 1947 
the MS degree in physics from Dal
housie University. Two years later he 
was awarded the PhD degree in physics 
from Massachusetts Institute of Tech

nology.

■■ ■—
Jacobus

••xi:
Ballou

Appointment of Byron O. Ballou to 
head of the applications department 
at the microwave device operations of 
Sylvania Electric Products Inc., has been 
announced. With Sylvania since 1956, 
Ballou has had over 15 years experi
ence in field applications and instru
mentation work. For 13 years prior to 
joining the microwave device opera
tions he was associated with Eitel Mc
Cullough, Inc., engaged in application
engineering activities.

H. Raymond Jacobus joins Eitel-Mc- 
Cullough, Inc., as manager of the nega
tive grid tube division. He will direct 
the research, development and manu
facturing activities for the production 
of Eimac power tubes in the negative 
grid tube field. This is the company's 
largest product line. Its operations are 
located in San Carlos, California, and 
Salt Lake City, Utah.

Jacobus brings to Eimac more than 
28 years of experience in the electron
tube industry. For the past five years, 
he has been manager of the Washing
ton division of Tung Sol Electric, Inc., 
at Washington, New Jersey. Prior to 
this, he served for many years with the 
Radio Corporation of America in engi-

A new systems science program has 
been established in the San Jose re
search laboratory of International Busi
ness Machines Corporation. Dr. Har
wood G. Kolsky is manager of the new 
program. His initial projects are to 
study the organization of business sys
tems, the searching of large collections 
of documents and numerical analysis. 
Kolsky comes to the San Jose laboratory 
from earlier assignments in Poughkeep
sie, N.Y., Omaha, Nebr., and Rockville, 
Maryland.

Dr. S. C. Chao has been named 
senior project engineer for new-product 
development, a new post, by Vega 
Electronics Corporation. A native of 
China, Chao completed his undergradu- 1 
ate studies at National Central Uni
versity in Chungking and his advanced 
studies at Stanford University. Since 
that time, and before joining Vega, he 
was employed at IBM Research Labora
tory, General Electric Computer Depart
ment, and Link Division of General 
Precision, Inc.

International Telephone & Telegraph 
Corp, is acquiring Jennings Radio Man
ufacturing Corp, of San Jose in an 
exchange of ITT stock for Jennings as
sets. Jennings will continue its own 
operations as an autonomous group.



KAY VIDEO FREQUENCY SWEEPING
FREQUENCY MARKERSOSCILLATOR AND

50 kc to 50 me

MODEL VIDEO 50s
Catalog No. 153-B

Video & IF Coverage

High Output, Wide Sweep

Automatic Gain Control

50 kc to 8 me50 kc to 20 me

f

Model Video

! O HALLORAN ASSOCIATES !
CATALOG INFORMATION

grid — 37april 1961

ies: 50 kc to 5 me; 50 kc to 10 
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• All electronic
• Stable
• Balanced output
• No phasing adjustments
• Zero reference line
• "Crystal" frequency-markers
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I 11636 Ventura Blvd.. No. Hollywood. Calif. ,
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The Marka-Sweep Model Video are beat frequency 
oscillators, carefully shielded and filtered to pre
vent spurious output signals. They provide crystal- 
controlled, fixed frequency markers, built-in at
tenuators, and carefully balanced, low-harmonic 
output.

Marka-SweepI * ©
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kav Marka-Sweep" 
Model Video TTV

Catalog No. 151-A
• High, metered output
• Both crystal-controlled and variable . . . 

markers and/or CW signals

The Marka-Sweep Model Video TTV provides 
a choice of any one of five fixed crystal-con
trolled, birdie-type markers (or CW) and/or 
a calibrated marker (or CW) which is con
tinuously variable over the frequency range

SPECIFICATIONS
Frequency Ranges: Sweeping oscillator, 50 kc 
to 8 me. Crystal oscillator, five switched fre
quencies at 200 kc, 750 kc, 1.25 me, 4.0 me, 
and 6.0 me.
RF Output: Swept RF, variable CW, or crystal- 
controlled CW signals, 1.5 V rms into nom. 
70 ohms, metered (50 ohms upon request). 
Swept RF flat within r0 5 db.
Attenuators: Switched 20, 20, 10, and 3 db 
plus continuously variable 6-db (aoorox 1 ‘ 
Marker Amplitude: 5.0 V peak.
Sweep Output: Sawtooth, 7.0 V.
Price: S795.00, f.o b. factory. $375.00 FAS 
New York Substitute markers. $12.50 each, 
uaoinet 535.00.

KAY ELECTRIC COMPANY
Department G-4 Maple Avenue, Pine Brook, N. J. CApital 6-4000

West Coast Contact: California office, P.O. Box 604
12871 Lucille Street, Garden Grove, California • JEfferson 7-1373

from 10 KC to 600 MC
MODEL 91-CA MODEL 91-C

300 microvolts to 3 volts 1000 microvolts to 3 volts
Price. $495 Price: $395

Represented By. ..

Frequi 
to 50 
Sweep W 
me to 50 
Sweep 
line fr__,-------
RF Output: Continuously variable, zero to 1.0 V, 
peak-to-peak, into nom. 70 ohms (50 ohms upon 
request). Flat to within ±0.5 db over widest 
sweep.
Attenuators: Switched 20 db, 20 db, 10 db, 6 db 
and 3 db steps plus 3 db (approx.) variable 
Markers: Eight sharp, pulse-type, crystal-posi
tioned markers, usable singly or collectively. Pro
duced either as positive pulses with separate am
plitude control and separate output or as keying 
pulses in sweeping RF signal. Five markers, at 
10, 20, 30, 40 and 50 me, are standard. Substi
tute frequencies or (up to 3) additional fre
quencies on special order in the range of 10 me 
to 50 me.
Marker Amplitude: As positive pulse at separate 
output, continuously variable, zero to 5 V peak 
As "negative" keying pulses, same amplitude 
as RF output.
Sweep Output: Regular sawtooth, synchronized 
with sweeping oscillator. Amplitude approx. 7 V 
Price: $845.00, f o.b. factory. $930.00 F.A S., 
New York. Substitute markers, $12.50. Additional 
markers, $20.00 each.

KAY

Marka-Sweep’

The Marka-Sweep Model Video 50 is a wide range 
video sweeping oscillator which provides higher 
output voltage and sweeps lower in frequency 
than the usual wide range video sweeping oscilla
tors. It provides a linear swept-frequency output, 
AGC’d for constant output over the frequency band. 
The Marka-Sweep Model Video 50 includes a series 
of sharp pulse-type crystal markers. In addition, a 
calibrated frequency diol permits the use of the 
unit as an IF sweeping oscillator with continuously 
variable center frequency and sweep width.

SPECIFICATIONS
Frequency Ranges: 
me; 50 kc to 20 
Sweep Rate- \ 
to line frequency.
RF Output: 0.2 V rms into nom. 70 ohms (50 
ohms upon request.) Flat within ±0.5 db 
over widest sweep width.
Attenuators: Switched, 20, 20, 10 and 3-db, 
plus variable 6-db (approx.).
Markers: 6 sharp, pulse-type, "crystal" mark
ers; provision for 1 variable.
Marker Amplitude: 5 V approx.
Sweep Output: Sawtooth, 7.0 V approx.
Price: $575.00 f.o.b. factory. $633.00 F.A.S , 
New York. Substitutions for standard mark
ers, $12.50 each.

WRITE FOR COMPLETE
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Your 
Antenna System 

Specialist

Servo Analyzers

IR Pyrometers

IR Components

Are Pleased To Announce

The Opening Of

The Product Sales Department

430 Cambridge

Palo Alto, California
DAvenport 1-6856
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ELECTRONICS LAB, INC. 
249 TERHUNE AVENUE 
PASSAIC. NEW JERSEY
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You are invited to write Bill at 
941 E. Marylind Ave., Claremont, Calif., 

or phone NAtional 6-3505 
TWX: Pomona, Cal. 7090

George M. MacLeod of Los Altos, 
Calif., has joined Monsanto Chemical 
Company's inorganic chemicals division 
as a senior sales specialist for the com
pany's single-crystal and polycrystal
line silicon products. MacLeod was for
merly vice president, sales, for Knapic 
Electro-Physics, Inc., at Palo Alto, Calif. 
He holds AB (1943) and MS (1946) de
grees in geology from Stanford Uni
versity and was employed by the Fisher 
Research Laboratory, Inc., at Palo Alto, 
before joining Knapic Electro-Physics.

Fisher Berkeley Corporation has moved to the old Marchant Calculator building 
in Emeryville. The 16,500 sq ft of production area will triple former facilities

Palo Alto Engineering Company, a 
wholly owned subsidiary of the Hew
lett-Packard Company, has a new presi
dent: John C. Beckett, also general 
manager. New vice president is Roy A. 
Melin who will continue as production

Appointment of Arthur G. Cole as 
manager of systems administration for 
the western development laboratories 
of Phiko Corporation has been an
nounced Before joining Philco, Cole 
was vice president and treasurer of 
Aircraft Engineering and Maintenance 
Co., Oakland, and has more recently 
been associated with International Air
craft Services of Oakland.

or 1%.

Peter Georgiev has joined Lenkurt 
Electric Co., as a senior electrical engi
neer in the advanced development 
group, where he has been assigned 1o 
studies of new microwave applications 
in telecommunications He previously 
was with General Electric Co. at Lynch
burg, Va., as a microwave development 
engineer. Georgiev is a native of Bul
garia. He received his degree in elec
trical engineering from the University 
of Sofia, and was a development en
gineer for Elprom, Inc., there until 1957.

0 CALIFORNIA CORPORATION

Antennas • Antenna Systems • Transmission Lines

Type 405 Series:
1 cps to 500 kc. Accuracy 
0.25° relative. 1° absolute 
No amplitude adjustment 
from O.lv to 70v. Suitable 
for plotting phase curve. 
Type 202: 20 cps to 500 kc 
Accuracy 0.02° or 2%. 1’ 
full scale sensitivity. Phase 
range 0-1,0-2, 0-4, 0-12,0-120 
and 0-180 degrees.
Type 205A1-A2: 100 kc to 15 
me. Accuracy 0.05’ or 1%. 
Sensitivity 0.04v.
Type 205B1-B2-B3: 15 me to 
1500 me. Accuracy 0.05° or 
1%. Sensitivity down to 20 
microvolts with receiver.

Meet William E. Sirvatka . . . 
who has an extensive engineering 
background in antenna systems for 
commercial and military use. Bill can 
assist you with the application engi
neering for this phase of your com
munication system.

7«>. f

■"'1 SERVO CORPORATION 
of AMERICA

ii

Rudolph Lorenz, Jr., has been pro
moted to the manager's staff of the 
general products division development 
laboratory at International Business Ma
chines Corporation's San Jose engineer
ing center. He will serve as special as
sistant for technology. In this new ca
pacity, Lorenz will assist W. D. Bolton, 
laboratory manager, in evaluating the 
technological positions of current lab
oratory programs. Lorenz' position os 
manager of technical services in the 
development laboratory will be as
sumed by Warren H. Klippel, a develop
ment engineer.

■i ....... '
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Jesse R. Lien has been appointed 
general manager of the Mountain View 
operations of Sylvania Electronic Sys
tems. The Mountain View operations 
include the company's electronic de
fense laboratories and reconnaissance 
systems laboratory.

Weatherbie Industrial Electronics, Inc., 
333 Prevost Street, San Jose, is a new 
electronic distributor specializing in in
dustrial service. James A. Weatherbie is 
president.

PROFESSIONAL & TECHNICAL RECRUITING ASSOCIATES 
(a Division of the Permanent Employment Agency) 

825 SAN ANTONIO ROAD 
PALO ALTO 

DAvenport 6-0744

PhD EE, or equivalent, to work closely with solid state physicist and physical 
chemist in ELECTRONICS MATERIALS DEVELOPMENT, MICROMINIATURIZATION 
and act as consultant on CIRCUIT DESIGN problems.

Herbert A. Finke has been named to 
the new position of vice president and 
general manager of Bomac Laboratories 
Inc. Finke will assume his new duties 
immediately, leaving his position as 
director of long-range planning for 
Varian Associates, Palo Alto.

The formation of Diotran Pacific, a 
new company serving the semiconduc
tor industry, has been announced by

lAsM U

Precision Instrument Company, San 
Carlos, has created the new post of 
export marketing manager. It will be 
filled by James A. Koch, previously a 
senior applications engineer for the 
firm.

a p r i I 1 9 i

Herbert R. Morse, formerly vice presi
dent and treasurer of Radiation at 
Stanford, Inc., Palo Alto, has joined 
Electronics Capital Corporation as sen
ior financial officer. Prior to his associ
ation with Radiation, Morse was San 
Francisco manager of Arthur Young & 
Company, an international CPA firm.

(Continued on

manager. The new secretary-treasurer 
is Nick J. Mardesich, formerly chief ac
countant and assistant secretary. Re
placing Mardesich as assistant secretary 
of the firm is Rodger Earley, purchasing 
agent.

One of America's oldest, largest and most versatile consulting industrial research 
organizations, with a facility in the San Francisco Bay Area.

A new division for engineering and 
manufacturing oscilloscopes has been 
formed by the Hewlett-Packard Com
pany and Cortlandt Van Rensselaer has 
been named general manager. Van 
Rensselaer has been with Hewlett- 
Packard for 13 years, and was for
merly general manager of Dymec, the 
systems division of Hewlett-Packard.

Robert A. Grimm, formerly manufac
turing manager for Dymec, will succeed 
Van Rensselaer as general manager 
of that division. Three other appoint
ments in the new oscilloscope organiza
tion include those of: Norman 
Schrock who will be engineering man
ager for product development; Harold 
L. Wild who has been named plant 
manager for the new division; and 
Betrand W. Squier, Jr., who will be
come manager of cathode-ray-tube 
manufacturing and development.

The new division will be located in 
the Palo Alto facilities of the Hewlett- 
Packard Company.

Rolf Grebmeier, president. Located at 
1015 Alma Street, Palo Alto, it will 
concentrate on the design, develop
ment, and manufacture of a broad 
cross-section of production and test 
equipment for semiconductor manufac
turing. In addition to Grebmeier, com
pany officers include Norman Foster, 
treasurer and production manager, W. 
Glenn Johnson, secretary and chief en
gineer, and William McRedmond, vice 
president and sales manager.
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of complex 
challenges

American Microwave and Television 
Corp, is a new concern formed in San 
Carlos with F. Dan Meadows as presi
dent. The company results from the 
combination of the American Micro
wave Division of Missile Systems Corp, 
and the Vicon Division of lnsul-8-Corp. 
Products will include completely inte
grated cctv and microwave data-trans- 
mission systems.

Beall Electronic Sales, Palo Alto, has 
been appointed representatives for G-l I 
Electronics Co. of Westville, New Jer
sey, supplier of magnetic components.

MORE SWINGS

Eugene L. Rogers is director of mar
keting for Microwave Electronics Corp. 
Since 1956 Rogers has been promi
nently identified with the San Francisco 
Peninsula electronics scene, as director 
of marketing for the instrumentation 
division of Ampex Data Products Co. 
and for the electron tube division of 
Litton Industries.

Dr. Arthur G. Anderson has been pro
moted to the position of manager of 
the International Business Machines 
Corp, research laboratory at San Jose. 
He succeeds Dr. G. L. Tucker, who has 
been named director of development 
engineering of the IBM World Trade

In the Raytheon Company's distribu
tor products division, Allen W. Merriam, 
Jr., California district manager, has 
been appointed Western Zone manager 
and will operate from the company's 
office in San Francisco. Merriam, a grad
uate of Colgate University, served with 
General Electric Credit Corporation, 
New York City, and A. Wayne Merriam, 
Inc., wholesalers for GE in Schenectady.

FXR has an extensive achievement record in solving 
demanding problems. Put this creative ability to work to 
help solve your High Power Electronics problem.

For detailed information concerning your 
particular application, contact your FXR 
applications engineer. He is only a phone 
call away.

Servo Corporation of America has 
established a San Francisco district of
fice at 430 Cambridge, Suite 1 14, Palo 
Alto. Manager is William G. Theisner, 
former manufacturers' representative 
and former Grid Associate Editor.

Two engineers at Lenkurt Electric Co., 
Inc., San Carlos, have won the best 
paper award as co-authors of a tech
nical paper presented at the IRE-PGMIL 
Winter Convention in Los Angeles. The 
pair are Thomas F. Mayne who pre
sented the paper and Thomas J. Wort
man, co-author.

V
Slikkerveer

FXR’s advanced techniques and facilities 
have produced the 50 Megawatt “S" Band 
Radar Transmitter for Cornell Aeronautical 
Laboratories. This transmitter, more than 
twice as powerful as the formerly largest 
unit of its class, will be used in the elec- 

J tronic exploration of the atmosphere and 
•j the ionosphere.

Thomas R. Bristol has been promoted 
to assistant manager, linear beam de
partment, of Litton Industries' electron 
tube division. Bristol formerly was sales 
manager of the linear beam depart- I 
ment. He has been involved in the 
sales and applications engineering of 
Litton Industries' high-power klystrons 
and other linear beam devices since 
1959.

A 1947 electrical engineering grad
uate of Notre Dame University, Bristol 
has a background in the power-tube 
field, including design, development 
and applications engineering. He was 
employed by the General Electric Com
pany, Schenectady, N. Y., from 1947 
until he joined the Litton tube division 
in 1959.

hi incw i ui r\ 11 y .

Anderson, who had been manager| 
of the Research Laboratory's physics 
department, joined IBM in 1951 as a 
physicist in the Poughkeepsie, NY, 
laboratory. Subsequently he was as
signed to the Watson Scientific Com
puting Laboratory staff at Columbia 
University where he specialized in re
search on magnetic resonance in metals.

FXR, Inc.
Design • Development • Manufacture 
25-26 50th STREET M RA. 1-9000 
WOODSIDE 77, N. Y. * TWX: NY 43745

Arie Slikkerveer has joined the mar
keting division of Lynch Communica
tion Systems Inc., reporting to Harrison 
Johnston, marketing manager. Before 
joining Lynch's engineering staff in 
1949, Slikkerveer was a carrier tele
phone engineer for the Netherlands 
Telephone and Telegraph Administra
tion, Holland.

A native of The Hague, Slikkerveer 
received his MSc from the Technical 
University at Delft, Holland. He spent 
seven years in the Royal Netherlands 
Navy, serving as lieutenant s.g. in both 
European and Pacific Theatres of War. 
He is a member of the Institution of 
Electrical Engineers (England) and lhe 
Royal Institute of Engineers (Holland) 
as well as the Holland-America Society
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Wesgo — long the standard of the vacuum tube industry.
a growing supplier of semiconductor components.

WESGO-a local manufacturer offering these 
premium quality products to the electronics industry:

WESTERN GOLD & PLATINUM COMPANY
Located to serve you • Dept. G4,525 Harbor Blvd. • Belmont. Calif. • LYtell 3-3121

High alumina ceramics—three vacuum-tight aluminas with Al203 contents 
from 95% to 99.5% and one virtually pure porous body (99.85% minimum Al203).
These strong, hard, abrasion resistant ceramics offer exceptional chemical 
inertness, high thermal conductivity, superior electrical properties, even at 
extremely high temperatures. Available in sizes and shapes to meet your 
individual specifications.
Ultra pure low vapor pressure brazing alloys—a complete range of melting 
points and wetting characteristics, available in wire, ribbon, sheet, powder, 
preforms and the new Wesgo Flexibraze, for versatility and economy.
“VX” Super Refractory—Wesgo ceramics with uniquely high resistance to 
thermal shock, ideal for use in furnace brazing, available in boats, slabs, special 
brazing fixtures.
Silver metallizing paint & flake—electrically conductive coating for ceramics, 
glass, plastics, mica, titanites, paper and other materials.
Precious metals—high purity platinum, gold, silver and alloys of these 
metals in many forms to meet your need.

■
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ELECTRICAL 
ENGINEERS

fEN/fURT ELECTRIC wants your experienced talents

If you have the experience we require, you already know of Lenkurt 
Electric, a recognized leader in telecommunications. The requirements 
include a BSEE degree and 2-8 years experience. As a major specialist 
in telecommunications systems and equipment, Lenkurt Electric con
stantly seeks to improve the product and the state-of-the-art. To do this 
we need qualified men with the experience to design transistorized 
circuits for telecommunications equipment. Immediate openings are 
now being filled in such areas as:
o Modulating Circuit Design • Circuit Design
o Amplifier Circuit Design • Level Regulating Circuits
o Load Distortion. Wide Band Amplifier Design
o Phase Lock Loops in Data Handling & Transmission
o and Associated Openings
We also have openings for qualified engineers with experience in trans
former, capacitor, crystal and filter engineering.
We offer a top salary and well-rounded fringe benefits—including stock 
purchase plan and an outstanding education refund plan. Relocation 
expenses are guaranteed for selected engineers. Plus the top location of 
all — in the heart of the San Francisco Peninsula.
If you qualify for any of these openings, send your resume or call collect:

E. Jack Shannahan, Employment Manager • Lenkurt Electric 
1105 County Road • San Carlos, California • LY 1-8461, Ext. 281 

LENKURT ELECTR/C
Subsidiary of (GEMtBAl)
GENERAL TELEPHONE ^ELECTRONICS \®/
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April 25—Instrumentation & Controls 
Division, San Francisco Section, Ameri-

May 8-10—National Aerospace Elec
tronics Conference (NAECON). Miami 
and Dayton Biltmore Hotels, Dayton, 
Ohio. Ronald G. Stimmel, 809 Larri- 
wood Avenue, Dayton 29, Ohio.

May 15-17 — Microwave Theory & 
Techniques National Symposium. Shera
ton Park Hotel, Washington, D. C. Gus
tave Shapiro, National Bureau of Stand
ards, Washington, D. C.

May 9-11—Western Joint Computer 
Conference. Ambassador Hotel, Los An
geles, California. Prof. Cornelius Leon- 
des, Dept, of E.E., UCLA, 405 Hilgard 
Avenue, Los Angeles 24, California.

Your Tung-Sol Representative:
NEILL B. SCOTT
6542 Kensington Ave
Richmond, BE 2-8292

Your stocking distributors:
OAKLAND

ELMAR ELECTRONICS
140 11th St.
TE 4-3311
SAN FRANCISCO

PACIFIC WHOLESALE
1850 Mission St.
UN 1-3743
SAN JOSE
SCHAD ELECTRONICS
499 South Market St.
CY 7-5858

A new radio program, featuring sci
entific and engineering developments 
in the aerospace industry—Lockheed 
Engineering News—is now being heard 
from 5:25 to 5:30, Monday through Fri
day, on KGO, San Francisco The Lock
heed-sponsored program is written and 
reported by Henry Schacht.

May 8-9—5th Midwest Symposium 
on Circuit Theory. Allerton Park and 
Urbana Campus, University of Illinois. 
Prof. M. E. Van Valkenburg, Dept, of 
E.E., University of Illinois, Urbana, Il
linois.

May 22-24- 1961 National Teleme
tering Conference. Sheraton-Chicago Ho
tel, Chicago. Illinois Jack Becker, AC 
Spark Plug Div., General Motors, Mil
waukee, Wisconsin.

April 18-21—Bureau of Naval Wea
pons Missiles and Rockets Symposium. 
U S. Naval Ammunition Depot, Con
cord, Calif. R. B Heilig, Captain, U.S. 
Navy, Commanding Officer, U. S. Naval 
Ammunition Depot, Concord.

May ]5—Abstracts of not more than 
800 words with titles of not more than 
50 letters and spaces, and brief bio
graphical sketch of author (10 copies 
of each) for the 8th National Sympos
ium on Reliability & Quality Control 
(Washington, D. C., January 9-1 1, 1962) 
Send to: E. F. Jahr, IBM Corp., Dept. 
351, Owego, N.Y.

Tung-Sol 1258 hydrogen 
thyratron — “workhorse” 
of Sperry Reflectoscope 
pulsed-echo search unit

May 15—500- to 1,000-word sum
maries for the IRE Canadian Electronics 
Conference (Toronto, Canada; October 
2-4, 1961). Send to: A. R. Low, 1819 
Yonge Street, Toronto 7, Canada.

® TUNG-SOL
SEMICONDUCTORS

May 6—Workshop in Graph Theory 
(PGCT). University of Illinois, Urbana, 
Illinois. Prof. M E. Van Valkenburg, 
Dept, of E.E., University of Illinois.

May 18-19 — Electro-Optical Radia
tion Devices Symposium. Dabney Hall 
Lounge, California Institute of Technol
ogy, Pasadena, California. Charles F. 
Spitzer, General Electric Co., 951 Com
mercial Street, Palo Alto, California.

can Institute of Electrical Engineers: "In
dustrial Telemetering Systems" by Wil
liam U. Dent, regional electronics eng;- i 
neer, Westinghouse Electric Corp. 7-30 | 
P.M., Room 4, Crown Zellerbach Bldg., . 
1 Bush Street, San Francisco, California.

This Sperry precision inspection unit 
searches out hidden material flaws to 
combat product breakdowns. Be
cause of their rugged construction 
and flexible design, Sperry designers 
chose Tung-Sol 1258 miniature hy
drogen tubes to generate high power 
pulse with precise triggering.

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:

May 8—Santa Clara Valley Section, 
Instrument Society of America: Tour of 
environmental test laboratory, Lockheed 
missiles and space division, Sunnyvale. 
Dinner at Lockheed cafeteria 7 00 P.M. 
Tour starts from lobby of Building 102 
at 7:30 P.M. Guests (U.S. citizens) wel
come, but tour reservations are manda
tory and must be received by April 24. 
Contact Russ Palmer, Consolidated Elec
trodynamics Corp., Los Altos, WH 
8-8294.

May 4-5—Second National Sympo
sium on Human Factors in Electronics. 
Marriott-Twin Bridges Motor Hotel, Ar
lington, Va. Ezra S. Krendel, Franklin 
Institute Laboratories, Philadelphia 3, 
Penna.

May 1 — 100-word abstracts and four- 
page summaries in reproducible form 
for the 16th Annual Association for 
Computing Machinery Convention (Los 
Angeles, California; September 5-8, 
1961). Send to: Werner L. Frank, Ramo- 
Wooldridge, 8433 Fallbrook Avenue, 
Canoga Park, California.

May 1 —12 copies of 150-word ab
stracts, and two copies of either the 
completed papers or 500-700-word 
summaries, for the 17th Annual Na
tional Electronics Conference (Chicago, 
Illinois; October 9-11, 1961). Send to: 
W. L. Firestone, Motorola, Inc., 4501 W. 
Augusta Blvd., Chicago 51, Illinois.
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GENE F. STRAUBE
P.O. Box 513, Palo Alto, Calif. Tel. DAvenport 1-7029

We believe that reliability is the most important characteristic 
that must be built into our wave filters, magnetic amplifiers and 
toroidal coils. It is an attribute that cannot be “tested in” but must 
be “designed in” and “built in.” Our minimum standards are the 
requirements of MIL-F-18327-A and MIL-T-27-A. If your equipment 
must function when called upon, or, has long life requirements, let 
us design and build your components. Our representatives will 
respond quickly to your call. They are

•■■ ■ ii 7

MPONENTS
2855-57 N. HALSTED ST., CHICAGO 14. ILL.. EASTGATE 7-6566
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section
MEMBERSHIP

DIMENSIONS:

SENIOR MEMBER

MEMBER
Model 320

Inc.
ASSOCIATE MEMBER

44 — g f id

BALLAMTiNE
VOLTMETER

mem- 
our

Bernard Elbingcr 
Joseph F. Hull

John G. Isabeou
Roy L Leadobrand

■liiiiiSS

Price:
S445.

Duane D. Beyer 
William R. Booher 
Beryl M. Cropley 
Robert C. Day 
Robert W. De Grasse 
Walter G Eppler, Jr. 
Gordon K Fong 
Francis L. Hearn 
John F. Hewson 
Donald J. Hodgson 
Kenneth O. Hornberg 
Wilfred G. Jcnsby

James E. Kendrew 
Bing Hong Mah 
Wm. H. Robertson, Jr.

Gerald J. Larsen 
Kenneth R. Luschor 
Robert P. McIntosh 
Jerome F. Metzger 
Don K. Miller 
James L. /Zongillo 
Stanley E. Moore 
Ralph L. Mossino 
George E. Orrick 
Donald L. Parker 
John H. Primbsch 
Jerry W. Robinson 
Peter R. Roth 
J. Ballard Sampson 
Richard J. Sandretto 
Richard J Segerstrom 
James F. Shively 
Arnold N. Silvermon 
George C. Simmons 
Byron E. Swartz 
Dennis M. Talbott 
James Y. Totsukowo 
Robert E. Thompson 
W. J. Von Winegorden 
Wilbur R. Vincent 
Chu Ping Wong 
Jerry D. Welch 
Robert F. Welte 
Frank A. Wilshusen 
Jerome C. Woodard

Thomas E Osborne 
Guido T. Pastorino 
Clyde W. Phelps, Jr. 
Percy E. Robinson, Jr. 
Francis H. Taylor 
Rodney A. Walls 
Glenn N. Waterman

april 1961
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Duane M. Dobratz 
Robert W. Hansen 
Leo Konner

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

Following are the names of individ
uals who have been elected to current 
membership:

Richard W. Case
R. Androv/ De Loveaga 
Dole Dclury
Richard AA. Malucg 
Albert B. Manildi 
Byron B. Newell 
David R. Olson

Horry P. Kane 
Edgar F. Keene 
Erling L. Lien 
Raoul B. Lynn 
Robert P. McGrath 
Harry L. Peabody 
Ralph Pringle, Jr. 
John M. Riley 
Erich H. Scherer 
Vernon V. Story 
Robert L. Trouard 
Robert M. White

measures 
from 

--------- ----------- -------- -- wn. ujjciauun

100 MICROVOLTS to 320 VOLTS
regardless

of
waveform

JI

Following are the names of members 
who have recently been transferred 10 
a higher grade of membership as noted:

the

TROE RMS 
frequency range 5 to 500,000 cps

FEATURES

Built-in calibrator . . . easy-to-read 5 inch 
log meter . . . immunity to severe 
overload . . . useful auxiliary functions

(Portable Model) 14^6" wide, 
10J/a" high, 12^6" deep— 

Relay Rack Model is available
WEIGHT: 21 lbs., approximately

Write for catalog for complete Information
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— Since 1932 —

IP BALLANTINE LABORATORIES 
Boonton, New Jersey

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

R«preMnt«d by CARL A. STONE ASSOCIATES, Inc., 825 No. San Antonio Rd. — Palo Alto, Calif.

R. Bard Battelle 
Dino R. Ciarlo 
Richard J. Clark 
Thomas H. Clark 
David S. Cochran 
Donald K. Corson 
Joseph J. Digiovanni 
Vernon W. Dryden 
Duane E. Dunwoodie 
Thomas G. Ellestad 
Richard L. English 
Roger A. Fiedler 
Ralph W. Gerchberg 
Shelby D. Givens 
Ian H. Graham 
Donald W. Griswold 
Paul E. Gruwell 
Arthur H. Hammond 
John J. Haruff, Jr. 
Edward A. Heinsen 
Arthur W. Hirsch 
Gary Holt 
James O. Jacques 
Keith O. Johnson 
Henry E. Jorgensen 
Thomas T. Kanetake 
John P. Katsufrakis 
Harold A. Kazanjian 
Bryce AA. Kepley 
Richard Lomerdin

SPECIFICATIONS

VOLTAGE range: 100 microvolts to 320 volts
DECIBEL RANGE: —80 dbv to -|-50 dbv
FREQUENCY range: 5 to 500,000 cycles per 

second
ACCURACY: 3% from 15 cps to 150KC;
5% elsewhere. Figures apply to all meter readings

MAXIMUM CREST FACTORS: 5 at full scale;
15 at bottom scale

CALIBRATOR STABILITY: 0.5% for line 
variation 105-125 volts

INPUT impedance: IO MQ and 25 ^f, below 
10 millivolts; 10 MQ and 8/z/xf above 10 millivolts

POWER SUPPLY: 105-125 volts; 50-420 cps, 
75 watt. Provision for 210-250 volt operation



Beverly, Massachusetts

Palo Alto, California
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BOMAC LABORATORIES

DYMEC

F. L. MOSELEY CO.

SANBORN COMPANY

VARIAN ASSOCIATES

Pa

KIN

SACRAMENTO
1317 Fifteenth St. 
Phone: Gl 2-8901 

TWX: SC 124

A Division of Hewlett-Packard Co.
Palo Alto, California

Spurred by the growth of electronics, Neely 
Enterprises has set the pace by offering the best 
gol-danged sales and service in the west. Representing 
only the top guns, there’s no such thing as second- 
best no matter who you draw. Your Neely Field 
Engineers are trained to fill king-size boots so they 
can do a top-notch job of serving your electronic 
needs. With eight conveniently located corrals 
throughout California, Arizona, Nevada and New 
Mexico, you are assured of the kind of back-up 
you deserve.

SAN DIEGO
1055 Shafter St. 

Phone: AC 3-8103 
TWX: SD 6315

PHOENIX
641 E. Missouri Ave. 

Phone: CR 4-5431
TWX: PX483

TUCSON
232 S. Tucson Blvd. 
Phone: MA 3-2564 

TWX: TS 5981

*

E&l Division, Waltham, Massachusetts

y

NORTH HOLLYWOOD
3939 Lankershim Blvd. 
Phone: TRIangle 7-0721 

TWX: N-H0L7133

ALBUQUERQUE
6501 Lomas Blvd., N.E. 

Phone: AL 5-5586
TWX: AQ 172

I.

-'431

LAS CRUCES 
114 S. Water St.

Phone:JA 6-2486
TWX: Las Cruces NM 5851

SAN CARLOS
501 Laurel St.

Phone: LY 1-2626 
TWX: San Carlos-Belmont 

CAL 94
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17, 30

Ace Engineering & Meh. Co 
Accurate Instrument Co  
Adage, Inc  
Airflow Company  
American Optical Co., Instrument Div 
Analab Instrument Corp  
Antenna Systems  
Antlab, Inc  
Baldwin-Lima-Hamilton Corp  
Beckman/Berkeley Division  
Behlman Engineering Co  
Bogart Microwave  
Bomac Laboratories, Inc  
Boonton Electronic Products, Inc 
Communications Control Corp... 
Components Engineering & Mgf. Co .......Premmco
Datafilter Corp Jay Stone & Assoc. 
Daytronic Corp McCarthy Associates 
Di-Tran Corp McCarthy Associates 
DuMont Labs, Tubes & Instruments J. T. Hill Co. 
Dynamics Instrumentation Co J. T. Hill Co. 
Dymec, Div. Hewlett-Packard Co Neely Ent. 
E-H Research Laboratories, Inc V. T. Rupp Co. 
Edgerton, Germeshausen & Grier, Inc J. T. Hill Co. 
Electronic Associates O'Halloran Assoc. 
Electronic Measurements Co O'Halloran Assoc. 
Emerson & Cuming McCarthy Assoc. 
John Fluke Mfg. Co McCarthy Assoc. 
Franklin Electronics, Inc T. Louis Snitzer Co. 
General Communication T. Louis Snitzer Co. 
Genesys O'Halloran Assoc. 
Glass-Tite Industries Jay Stone & Assoc. 
Goodrich, B. F., Sponge Prod. Div..Jay Stone & Assoc. 
Hamner Electronics McCarthy Associates 
Hathaway Denver J. T. Hill Co. 
Hewlett-Packard Company ....Neely Enterprises
Heli-Coil Corp Premmco, Inc.

Premmco, Inc. 
Jay Stone & Assoc.

......J. T. Hill Co. 
.Premmco, Inc. 
...J. T. Hill Co. 
V. T. Rupp Co. 

T. Louis Snitzer Co. 
Jay Stone & Assoc. 
...Neely Enterprises 
......... V. T. Rupp Co. 
T. Louis Snitzer Co. 
Jay Stone & Assoc. 
................ Neely Ent. 
...O'Halloran Assoc. 
.T. Louis Snitzer Co.

32 
40 
4 

48 
47 
15 
46
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23 
31 
29 
37 
41 
13 
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24, 25

33, 46
30

Ad-Yu Electronics, Inc. 
Andrew Corporation  
Arnold Engineering Company 
Ballantine Laboratories  
Columbia Technical Corp  
Components Corp.
Components for Research Inc. 
du Pont de Nemours & Co. Inc., E. I. (Mylar Division) ... 27 
Electro Scientific Industries, Inc ........ . ...............
FXR Inc  
Fluke Mfg. Co., John  .................... ... ..
General Radio Co..............................................................................
Gertsch Products Inc  .......................... .
Hewlett-Packard Co ...................................   .
Hill Co., J. T., 1682 Laurel, San Carlos; LY 3-7693
Hudson Tool & Die Company  ................
Hughes Aircraft Co.......................................................................
Jennings Radio Mfg. Corp  
Jet Propulsion Laboratory .....................................
Kay Electric Co...................................................................................
Lenkurt Electric Company, Inc. ..............................................
Litton Industries, Electron Tube Division
Litton Industries, Guidance & Control Systems Division 
Lockheed Missiles & Space Division ...............................

37, 46 
 35 

28, 39 
Premmco, Inc., 2406 Lincoln Ave., Alameda; LA 3-9495 46 
RCA Defense Electronic Products ..................................... 20, 21

34

McCarthy Associates, 635 Oak Grove, Menlo Park;
DA 6-7937 

Microwave Electronics Corp. 
Neely Enterprises, 501 Laurel, San Carlos; LY 1-2626;

1317- 15th St., Sacramento, GL 2-8901 ......... •'
O'Halloran & Associates, 825 San Antonio,

Palo Alto; DA 6-1493
Palo Alto Engineering Co. ..................................................
Permanent Employment Agency .........
F I Cl IIIIIK.W, IIIV., Jfc-TW »-■>. -—... 

RCA Defense Electronic Products  
RCA (Marysville) .................................................
Rupp Co., V.T., 1182 Los Altos Ave., Los Altos;

WH 8-1483  ;................................................
Servo Corporation of America  
Snitzer Co., T. L., 510 So. Mathilda Ave., Sunnyvale;

RE 6-6733 .... ;..............................................
Space Technology Laboratories, Inc  
Stone & Associates, Jay, Box 583, Sunnyvale;

WHitecliff 8-4563  
Tech-Ser, Inc  
Tektronix Inc  
Tung-Sol Electric Inc.  
Varian Associates - .................................................
Western Gold & Platinum Co

Huggins Labs., Inc.. 
Hughes Aircraft Co. 
Jerrold Electronics  ..............McCarthy Associates
Kauke and Co., Inc. Jay Stone & Assoc. 
Keithley Instruments T. Louis Snitzer Co. 
Kepco, Inc ..................... V. T. Rupp Co
Kin Tel . ..Neely Enterprises
Laboratory for Electronics O'Halloran Assoc. 
Lindsay Structures  Premmco, Inc.
Massa Div., Cohu Electronics McCarthy Assoc. 
Menlo Park Engineering... .O'Halloran Assoc.
Microwave Associates . T. Louis Snitzer Co.
Microwave Electronics Corp Jay Stone & Assoc. 
Millivac Instrument Div., Cohu McCarthy Assoc. 
F. L. Moseley Co... Neely Enterprises
Narda Microwave Corp. O'Halloran Assoc.
Norwood Unit-American Standard J. T. Hill Co. 
Optimized Devices.. O'Halloran Associates
Pacific Electro Magnetics Co T. Louis Snitzer Co. 
Polarad Electronics  T. Louis Snitzer Co.
Quantech Labs  Jay Stone & Associates
Radiation at Stanford O'Halloran Assoc. 
Sanborn Company  ..................... Neely Enterprises
Scientific-Atlanta, Inc J. T. Hill Co. 
Sensitive Research Instrument McCarthy Assoc. 
Sierra Electronic Corp ..T. Louis Snitzer Co. 
Sorensen & Co., Inc McCarthy Assoc. 
Sperry Microwave Electronics Co J. T. Hill Co. 
Statham Development Corp O'Halloran Assoc. 
Technibilt Corp J. T. Hill Co. 
Telonic Industries T. Louis Snitzer Co. 
Trygon Electronics, Inc. ...T. Louis Snitzer Co. 
Varian Associates Neely Enterprises 
Waters Manufacturing, Inc J. T. Hill Co. 
Wiancko Engineering Co V. T. Rupp Co. 
Wincharger Corp. (Zenith Radio Corp.)..Premmco, Inc.



complete Gertsch line inchides
over 500 models featuring:

1001

• up to 0.0001% accuracy and linearity

• high input impedance

• low effective series impedance

very low phase shift
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You can set the ratios on these RatioTrans® by 
almost any method, from simple, manual in-line 
decade, to coaxial rotary set, proportional shaft 
position, or remote binary selection. MIL Spec, 
types available.

SPECIAL-PURPOSE
TRANSFORMERS

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

STANDARD RATIO TRANSFORMERS
Sixteen models of these variable, tapped 
auto-transformers are stocked, differing in 
mechanical construction, type of switching, 
number of decades, degree of resolution, 
max. input voltage, etc. Models available, 
either case-or rack-mounted.

PROGRAMMABLE RATIOTRANS
- for automatic checkout equipment and 
other programmed devices. Gertsch units 
accept decimal, binary-coded decimal, or 
straight binary data arriving from punched 
tape or card readers. Units can be designed 
to customers applications.

SHAFT-DRIVEN RATIOTRANS
-precision shaft-angle to AC voltage ratio 

transducers, with the ratio reading visi
ble through a window in the case. Units 
are driven by shafts, and supplied 
in either 100-turn or 1000-turn models.

RATIO STANDARDS
Combining precision RatioTrans with precise 
resistive dividers, these units offer the ulti
mate in accuracy (up to .0001%), for cali
bration and instrument standard labs. Avail
able in 6 combinations of AC & DC sections

U 9 riWi
RT-10R

Gertsch produces many types designed 
for bridging, isolation, and calibration 
applications. Many models are available, 
varying in turns ratio, input impedance, 
and other specifications

COAXIAL SWITCH RATIOTRANS
These small, lightweight instruments, ac
curate to 0.001%, are available in 2 types
one a 21/2*diameter unit qualified to MIL 
Specs... the other a 3Vi"-diameter unit, 
economically priced.
CRT models are available with up to 6-place 
resolution, and in a variety of decade ar
rangements. Gertsch also manufactures a 
complete line of coaxial-switched resistive 
dividers.

All types are built to typical Gertsch 
quality standards...many units avail
able from stock. Requests for spe
cials will be given prompt attention. 
For complete data, request Cat. =6.

*
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GV0E1TEIF3EID) VARIAC®
CONTINUOUSLY ADJUSTABLE

A-C SUDEFF’LGES

W5MT3A

W5MT3AW

U.S. Patent Ho. 2.949,592

W5MT3W

Wattage 
Ranges

$112W5MT3W

$150W5MT3AW

$110W10MT3A10-Amp
Models

$138W10MT3W

Write For Complete Information

KABGt

HIGH

w

These Metered Variacs are everyday tools needed in laboratory test 
setups and engineering work areas. Each model consists of a Variac 
with patented Duratrak* brush contact surface, a current transformer, 
the necessary switches and meters. Meters are magnetically shielded 
to yield an over-all accuracy of 3%. A double-pole off-on switch dis
connects the instrument from both sides of the line. The output circuit 
has two fuses mounted on the front panel to protect both the Variac 
and its meters from overload.

The Bett Inslrumenti
In Eleclronict

Branch Engineering Office in SAN FRANCISCO
1186 Los Altos Avenue, Los Altos, Californio 

James G. Hussey • Donald M. Vogelaar
Tel: WHitecliff 8-8233

GENERAL RADIO COMPANY
WEST CONCORD, MASSACHUSETTS

T
5-Amp 
Models

0-300 
0-1500

0-150
0-750
0-150
0-750

Type
W5MT3A

Price
$89

0-1
0-5
0-2
0-10

5 MODELS — O to 135 volts at currents to 1O amperes
Current 
Ranges 
0-1 , 0-5~

★ Ideal for measuring power consumption.

★ Convenient means for determining the effects of 
reduced or increased line voltage on a-c operated 
equipment; for example, locating cutoff points of 
voltage-regulator circuits.

★ Useful for tracking down circuit troubles that are 
intermittent with normal line voltage, but which 
can be made to occur more frequently or fail 
altogether at either low or high line voltage.

VA&


