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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) 
 
September, 1959: 
Cover: Shown is Explorer VI, launched in August into an elliptical earth orbit, 

with some of the telemetry data it was sending back.  A number of on‐
board experiments are described starting on page 10.  In the lower‐left 
is Bernard Oliver, head of HP Research, who is serving as this year’s 
WESCON ExCom chair.   

Page 6: Local IRE San Francisco Section membership is now more than 
3,300, with 14 chapters (called “Groups”) and 100 chapter meetings 
each year.   

Page 14: Prof. Allen Peterson, a founder of the GRID in 1955, received the 
1959 Achievement Award from WESCON; he was my advisor during 
my undergrad years at Stanford.  The Future Engineers Show at 
WESCON had some illustrious judges: Stanford’s Joseph Pettit (later 
president of GaTech; photo on page 50), Dean Watkins (of Watkins‐
Johnson), William Eitel (of Eitel‐McCullough, and a subject of my 
Stanford lecture on “Silicon Valley”), and Alexander M. Poniatoff (the 
“AMP” in Ampex). 

Page 16: GRID operations over the past year generated a $600 surplus, and 
the GRID/BULLETIN contributed another $300.  This is consistent with 
my own years (2004‐2014), where my GRID surpluses averaged about 
$25,000 each year, flowing back to our three Bay Area Sections. 

Page 18: The Engineering Management group has Ray Johnson of IBM’s San 
Jose laboratory as one speaker.  I profile Ray’s contribution in bringing IBM’s disk drive division to San Jose in my intro to 
the June 15, 1962 GRID. 

Page 24: The Electronic Computers group has as its speaker Dr. William Shockley, inventor of the transistor while at Bell Labs and 
founder of Shockley Transistor Corp in Mountain View.  He and two co‐inventors received the Nobel Prize in physics in 
1956.  Shockley spoke on the four‐layer diode (the device that displaced work on the silicon transistor and precipitated the 
“traitorous eight” to leave and form Fairchild).   

Page 28: Chair of the Electronic Computers group is a young Doug Engelbart, from Stanford Research Institute; his photo and bio 
are on page 44.  He will go on, in 1968, to give “The Mother of All Demos” at the Fall Joint Computer Conference in San 
Francisco, introducing the graphical user interface, the mouse, video conferencing and other novel technologies.  These led 
to the Alto computer at Xerox‐PARC, and then to the Apple Macintosh.   

Page 30: Charles (Bud) Eldon of Hewlett Packard is vice‐chair of the Production Techniques group that he founded in 1955, at the 
insistence of IRE president (at the time) Bill Hewlett.  Bud goes on to become IEEE president in 1985. 

Page 40: Russell Varian, co‐inventor (with his brother) of the klystron and founder of Varian Associates, has died of a heart attack 
while vacationing in Alaska.  I profile some of his klystron work in my “Silicon Valley” talk. 
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NOW! TRANSISTORIZED
100-600 AMPERES
DC POWER SUPPLY

TECHNICALby PERKIN! DESCRIPTION

Response time adjustable to 20 milliseconds . .

Excellent dynamic load regulation . . . low ripple

THOR . . . BOMARC . . . ATLAS . . .

JUPITER . . . POLARIS . .

VANGUARD AND LA CROSSE

fMISSILE PROGRAMS

ADDITIONAL
FEATURESSPECIFICATIONS

RATINGS AVAILABLE:

D.C. Output

Volts Amps

PERKIN
COR FOR ATIONENGINEERING

New England Area Office 46 Amesbury, Lawrence, Mass. • MUrdock 3-3252
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* For Full Load Charge
+ In 2 Ranges

MRST28-100
MRST28-200
MRST28-300
MRST28-400
MRST28-500
MRST28-600 
MRST2440-250

Model 
Number

34-5 KANSAS ST. • EL SEGUNDO, CALIF. • ORegon 8-7215 

or EAstgate 2-1375.

24-32
24-32
24-32
24-32
24-32
24-32
24-401

100 
200 
300 
400 
500
600 
250

430 
550 
700

1 250 
1650 
1650 
1650

Militarized versions 
of above units 
are also available.

Output of units can be shorted with
out damage to the silicon rectifiers. 
Units can withstand 400% overload 
for periods up to 1 second without 
damage to Power Supply compon
ents.

Remote sensing 
low output impedance

Dynamic- 
Load* 
*6V 
±:6V 
±6V 
±:6V 
±6V 
*6V 
±2V

Weight 
Lbs.

Dimensions 
W" x H" x D"

22"x36"x22"
22"x36"x22"
22"x46"x22"
28"x58"x24"
26"x68 ’/jx32" 
26*'x68’/? x32" 
26"x68 !/2 x3 2"

Will!

/

For additional data 
contact factory or sales 
offices below:

Albuquerque, N.M.
AMherst 8-1724 

Angola, Ind. 
217 & 8101-R

Atlanta, Ga.
BLackburn 5-6660 

Chicago, III.
JUniper 8-0905 

Cleveland, Ohio 
REdwood 2-7444

Dallas, Tex.
FLeetwood 7-7080 

Dayton, Ohio
CHapel 4-5551 

Denver, Colo.
SUnset 1-7375 

Detroit, Mich.
HOward 8-2461 

Indianapolis, Ind.
STate 7-0009 

Kansas City, Mo.
HEdrick 2-2528 

Los Angeles, Calif.
Hollywood 9-7294

These units use silicon power recti
fiers for increased reliability and 
efficiency. Silicon rectifiers provide 
constant efficiency and exhibit no 
aging characteristics as is more 
common in other type rectifiers. 
Magnetic components utilize grain 
oriented silicon steel and Class B 
insulation for compact design and 
efficient operation. The power sec
tion consists of a 3 phase magnetic 
amplifier with extremely high gain. 
Preamplifier is fully transistorized 
and utilizes silicon zener diodes as 
a reference element.

Minneapolis, Minn.
Midway 6-2621 

New York, N.Y.
Digby 4-2997 

Orlando, Fla.
Cherry 1-2128 

Philadelphia, Pa.
WAInut 7-1820

Phoenix, Arix.
WHitney 6-2111 

St. Louis, Mo.
PArkview 1-6403 

San Diego, Calif.
ATwater 3-2081 

San Francisco, Calif.
EMerson 9-3354 

Seattle, Wash.
PArkway 3-9000 

Syracuse, N.Y.
Gibson 6-0220 

Washington, D.C.
JUniper 5-7550 

Agincourt, Canada
AXminster 3-7011

Regulation 

Static- 
Line or 
Load 

*0;l 7. 
*0.1 7. 
* 0.1 7. 
*0.1 7. 
*0.1 7. 
*0.1 7. 
*0.1 7.

A.C. INPUT: 208/230/460 volt ±10%, 
3 phase, 60 cycle.
RIPPLE: Less than 1% RMS.
RESPONSE TIME: A special control in- 

I ternally mounted in the Power Supplies 
handles adjustment of response time.

I The "load on" response time is adjust
able from 20 to 200 milliseconds, and 

| the "load off” from 40 to 400 milli
seconds. An important advantage of 
this adjustable response is when used 
with inductive loads, such as inverters; 
recovery can be adjusted to avoid 
interaction between inductive load and 
power supply.

Proven in production 

use in the...

\ v $/dr 
PERKIN



GOT

Accuracy: .05% from .1 volt to 500 volts

Input voltage ranges: 500-50-5-.5v

Null ranges: 10-1-.1-.01

Input Resistance: Infinite at Null

Resolution: ,005v at 500v to ,00005v at .lv
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INC.

For complete details
of the new jf Model 803 write direct or 

contact our engineering representative in your area.
Cabinet Size: 9V« x 13 x 17 — Price: S845.00 F.O.B. Seattle factory

MODEL 803 
$845.00

JOHN FLUKE MANUFACTURING CO
1111 West Nickerson - Seatttle 99, Washington

FEATURES
1. Standard Cell Reference
2. Direct in-line readout
3. Mirror Scale Meter
4. Eight Search and four Null ranges

Accuracy: .2% from .5 volt to 500 volts from
30 CPS to 5 KC

Input voltage ranges: 500-50-5v
Null ranges: 10-l-.l-.01v
Input Impedance: 1 Meg. shunted by approx.

25 mmf
Resolution: .005v at 500v to .00005v at .lv

NOW . . . make precise measurements of either DC or AC volt
ages with this all new jf instrument. Use the 803 as an AC 
Differential Voltmeter, DC Potentiometer or DC/AC VTVM. 
Actually 3 INSTRUMENTS IN ONE.

PRECISION

DC AC
DIFFERENTIAL

VOLTMETER j
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■
Corey

Victor B. Corey, chairman.
San Francisco Section—IRE

Other matters of plan or improve
ment for the coming year which may 
deserve fuller comment in future issues 
have to do with administrative, steno
graphic and clerical service afforded 
through WESCON; and with IRE partici
pation in the administration of a new 
scholarship fund established and con
tributed by WESCON.

We have reason to be proud of our 
San Francisco Section for its growth, 
achievements and prospects; but with
out question we propose to improve. I 
wish to express my special appreciation 
to Dr. Earl Goddard, junior past chair
man of the Section, for his numerous 
contributions and effective suggestions. 
In addition I want to make very clear 
that suggestion or constructive criticism 
from any quarter is most welcome.

Now for the serious business of 1 959- 
1960-

ahead, rather than merely with an op
portunity to give passive acceptance or 
futile objection to the year's record in i 
retrospect. We hope that our experience • 
with a fiscal plan during the coming 
year will be a significant item of prog- j 
ress.

Another area of some innovation re
lates to the Executive Committee for the 
Section. Composed of some thirty mem
bers, including Section officers and di
rectors, chairmen of fourteen profes
sional groups, and chairmen of various 
responsible committees, the Executive 
Committee has become so large that 
its business sessions must be protracted 
interminably in order to handle 1he 
multitude of items which have legiti
mate importance. Inefficiency has been 
the inevitable result, since the time of 
all is necessarily required for delibera
tion on each item.

In order to recognize and support the 
prime importance of professional group 
affairs in our Section, a Professional 
Group Committee has been formed with
in the Executive Committee, under the 
chairmanship of Dr. Donald Dunn, vice 
chairman of the Section. Through regu
lar and independent meetings of this 
body, due attention can be given to 
many of the matters with which the 
professional groups can deal directly, 
and to other matters which can be re
duced to concerted recommendation for 
action in the full Executive Committee. 
Similarly, it may be possible to handle 
much of the routine business of the 
Section, of doubtful interest to the full 
Executive Committee, in special meet
ings of an Operating Committee like
wise formed within the Executive Com
mittee, with large benefits of time saved 
in full session.

Twice during the year it is particu
larly interesting and important to look 
with perspective at the operations of 
our San Francisco Section as a whole: 
Once in prospect, at the start of the 
year's activities, to chart our course 
and define our objectives; once in retro
spect, at years' end, to gage our prog
ress and to learn from our experiences.

The view ahead is exciting rather 
than merely encouraging. San Francisco 
Section membership, now more than 
3300, is expected to increase by some 
300 or more during the next year. Funds 
managed by the Section will reach near
ly $50,000 during the year ahead, in
cluding funds identified with Grid oper
ations. Fourteen active professional 
groups crowd the meeting calendar 
with some 100 scheduled technical ses
sions including special lecture series. 
1959 WESCON has already provided a 
most outstanding overture to our pro
gram.

Without question our San Francisco 
Section will grow and advance almost 
automatically as electronics research 
and the electronics industry continue 
their course of progress. But perhaps 
we may augment the growth of our 
Section or contribute to its order and 
stability by planning ahead, with due 
regard for the experience and counsel 
of those who have led the Section in 
prior years.

One of the ways in which we have 
opportunity to improve Section opera
tions is through the use of a budget. At 
the outset of this year we are preparing 
an estimate of our income and expen
ditures on a monthly basis, which esti
mate is to be presented to the Executive 
Committee for approval or revision. 
One of the two major parts of the esti
mate deals exclusively with Grid opera
tions, while the other part is concerned 
with all other business affairs of the 
Section. Upon acceptance in eventual 
form the estimate is to serve as a fiscal 
plan for our year's activities.

Prepared with the perspective af
forded by our past fiscal records, and 
presented with the recommendation of 
Section representatives in key positions 
of authority and responsibility, such a 
plan can have multiple benefits. It 
necessitates an agreement on a con
sidered plan which can then be utilized 
for control during the period of its ef
fect. Basic agreement among individ
uals responsible for the plan lays em
phasis on a common purpose to which 
all have been openly committed, so 
that only deviations from the accepted 
plan represent causes for debate or new 
decision. The Executive Committee is 
faced appropriately with the necessity 
to review, improve and take responsi
bility for a plan of action for the year
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NOW FROM AM REX:

w
■ £

The world’s most advanced scientific data recorder. More useful at a countdown than at a concerto, this 
third-generation machine —like its cousins and ancestors—brings you repeat performances at a fraction of 
the cost of re-staging the original, perhaps unique event—albeit satellite launching instead of symphony. 
Write Ampex Instrumentation, 934 Charter St, Redwood City, Calif., for a brochure on the distinguished 
new FR-600. It’s solid-state ... extremely reliable ... extremely precise. You expect it from
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MEETINGS AHEAD

EAST BAY SUBSECTION

O Tuesday, October 138:00 P.M.

PROFESSIONAL GROUPS
O Wednesday, September 308:00 P.M.

8:00 P.M.

Thursday, September 17

Tuesday, September 29

SEPTEMBER 1959
8—THE GRID

BROADCASTING
Richard Newman, RCA, San Francisco

ELECTRONIC COMPUTERS

John Boysen, Lockheed Missiles and 
Space Division, Sunnyvale

Warren Christopherson, IBM, San Jose

ENGINEERING MANAGEMENT

Charles Meyer, Sylvania Electronic 
Defense Lab

Leonard M. Jeffers (Photography) Syl
vania Electronic Defense Lab

MEDICAL ELECTRONICS
Noel Thompson, M.D., Palo Alto

Medical Research Foundation

MILITARY ELECTRONICS

William J. Cox, Lockheed Missiles and 
Space Division, Palo Alto

RELIABILITY AND QUALITY CONTROL

John W. Hall, Dalmo Victor Co., 
Belmont

Julian Hilman, Fairchild Semicon
ductor, Palo Alto

COMMUNICATIONS SYSTEMS

Martin Grushkin, Lenkurt Electric Co.
Lee Stephens (Photography)

Lenkurt Electric Co.

ELECTRON DEVICES

F. Berin Fank, GE Microwave Lab
oratory

MICROWAVE THEORY & TECHNIQUES

Keith Hunton, Hewlett-Packard Co

ENGINEERING WRITING & SPEECH

Harry Lewenstein, Lenkurt Electric 
Co., San Carlos

PRODUCTION TECHNIQUES

Charles A. Eldon, Hewlett-Packard
George F. Reyling, Varian Associates

SPACE ELECTRONICS & TELEMETRY

Gerry Moore, Philco Corporation, 
Palo Alto

ANTENNAS & PROPAGATION
Von R. Eshleman, Stanford University

AUDIO

INSTITUTIONS
D. J. Angelakos, Cory Hall, Univer

sity of California, Berkeley 4

EAST BAY SUBSECTION 7:30 P.M. © Monday, October 5
"Design of Transistor High-Speed Digital Computer Circuitry" 
Speaker: Jerome Russell, electronic engineer, Lawrence Radiation Lab. 
Place: Lawrence Radiation Laboratory Auditorium, Livermore, Calif. 
Dinner: 6:00 P.M., Livermore 
Reservations: Mr. Stripeika, Hilltop 7-1100, Ext. 84203, by Friday, Oct. 2

PROFESSIONAL GROUPS

Antennas & Propagation
(Details to be announced)

Electron Devices

(Joint meeting with PGMTT)
"Recent Developments in Masers"
Speaker: Anthony Siegman, assistant professor of electrical engineering, 

Stanford University
Place: Room 100, Physics Building, Stanford University

Electronic Computers 7:30 P.M. O Tuesday, September 22

"Trip to Russia and Russian Computers"
Speaker: Mr. Morton Astrahan, manager, small business systems, IBM 
Place: Village Auditorium, Stanford Research Institute, Menlo Park 
(Wives are invited)

Microwave Theory & Techniques
(Joint meeting with PGED, see above)

Production Techniques 8:00 P.M. O Tuesday, September 22

"Production Planning and Rapid Growing of Electronic Factories" 
Speakers: Charles V. Anderson, professional products, production control 

manager, Ampex Corporation; George M. Eustachy, production man
ager, Berkeley Division of Beckman Instruments; Olof Landeck, pro
duction manager, Electro Engineering Works, Inc.

Place: Physics Hall, Stanford University, Stanford

Reliability & Quality Control
Sixth Annual Bay Area
Quality Control Conference 9:30 A.M. o

"Human Relations Problems in Quality Control"
Speaker: R. H. Hamstra, president, Executive Futures, Inc.
Luncheon: 12:00
"Quality Control in Aircraft Accidents"
Speaker: Major General Joseph D. "Smokey" Caldera, deputy inspector 

general, headquarters flight safety research, USAF, Washington, D. C.

CHRONOLOGICAL RECAP

September 17—Sixth Annual Bay Area Quality Control Conference

September 22—Electronic Computers, Production Techniques

September 29—Reliability & Quality Control
September 30—Electron Devices/Microwave Theory & Techniques

October 1—Space Electronics & Telemetry

October 5—East Bay Subsection
October 13—Antennas & Propagation

Eugene Aas, Sandia Corporation, 
Livermore

Hugh Gray (Photography) Hugh Gray 
Co., San Francisco

Staff (cont.)—Reporters

SAN FRANCISCO SECTION

Steve Duer, Hewlett-Packard Co.
Dexter Hartke, (Photography), Hew

lett-Packard Co.

Four sessions each on Management and Administration (non-statistical 
presentations), Quality Control Engineering (statistical presentations), 
and Inspection Clinic (measuring and testing techniques)

Place: Cubberley Hall, Stanford University

8:00 P.M.
"How to Prepare a Glossary of Terms" 
Speaker: Dr. Louis Fein, consultant, Palo Alto 
Followed by a panel discussion on reliability definitions 
Place: Hal's Restaurant, 4085 El Camino Way, Palo Alto 
Dinner: 6:00 P.M. Hal's Restaurant, 4085 El Camino Way, Palo Alto 
Reservations: John Hall, LYtell 1-1414, by Friday, September 25

Space Electronics & Telemetry 8:00 P.M- © Thursday, October 1 
Place: Lockheed Missiles and Space Auditorium, 3251 Hanover, Palo Alto

Wednesday, Sept. 30
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new symbol 
for a new era of

• with capabilities in propulsion, electronics, 
technology, and other related fields and 
regarding staff positions at stl are invited.

■

i

Space Technology Laboratories, Inc.
SEPTEMBER 1959

Space Technology Laboratories' new corporate symbol represents a bright history in a stimulating age.^r STL has 
provided the over-all systems engineering and technical direction for the Air Force Ballistic Missile Program since it 
was assigned the highest national priority in 1954. Five years of accelerated effort produced epic advances in science 
and technology, and propelled the art of missilery through three distinct generations of progress. STL contributed 
technical leadership to the science/government/industry team which has built this solid, expandable foundation 
for future advances in space, and is daily adding new strength to our national security. T In addition to its major 
management functions, stl also conducts advanced space probe experiments for the Air Force at the direction of 
such agencies as NASA and arpa. To those scientists and engineers 
thermodynamics, aerodynamics, structures, astrophysics, computer 
discipline5, stl now offers unique professional opportunities. Inquiries 4
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R. E. Rawlins, national chairman, 
NSSET

Above, the WESCON few people see. 
Pre-opening view notable chiefly for 
earnest activity in the Varian booth. 
Left, the WESCON 30,898 saw. Sym
bolized sun was orbited by Pioneer IV 

Probe from J PL

SESSION 1 
SPACE ELECTRONICS I 

COMMUNICATION 
Monday, September 28 
10 A.M. to 12:30 P.M.

Chairman: C. H. Hoeppner 
Radiation, Inc., Melbourne, Fla. 

DESIGN AND EVALUATION OF SPACE 
COMMUNICATIONS SYSTEMS USING 

COMPUTER SIMULATION TECHNIQUES

D. R. J. White, American Machine and Foun- ' 
dry Company, Alexandria, Virginia.

(Continued on page 12)

Another WESCON has come and gone, 
much as we predicted it would. There 
were, of course, some surprises and 
previously unannounced moments of 
high entertainment and technical in
terest.

Opening ceremonies, for example, 
consisted of a four-way conference com
munication between personnel on a 
temporary stage in front of the Cow 
Palace; Jodrell Banks, Manchester, Eng
land; Space Technology Laboratories in 
Los Angeles; and Explorer VI flying 
through space 1 8,300 miles over Africa. 
Over the objections of reluctant STL 
engineers, a second model of Explorer 
VI was exposed to the elements on the 
same stage at the Cow Palace. What 
Explorer VI had to say appears in digi

tal form on the cover.
Routine activities such as technical 

sessions, engineering field trips, and 
the like went off pretty much as an
nounced in the summer issues of the 
Grid-Bulletin, and in the opinion of 
many, more smoothly than ever. Public

(Continued on page 12)

man; and
Robert De Liban, Barrett Electronics j 

Corp., Menlo Park, publicity chairman.
In addition to the program which fol

lows, complete with abstracts, the tech
nical presentation includes a product i 
exhibition in the Civic Auditorium with ! 
35 commercial displays. Exhibits will 
be open on Monday and Wednesday 
from 10 A.M. to 6 P.M. and on Tuesday 
from 10 A.M. to 9 P.M.

A "Proceedings" will be available at I 
the registration desk at a cost of $5.00 j 

or by mail—address: NSSET c/o Dymec, ' 
395 Page Mill Rd., Palo Alto.

On the cover of this issue, in its na
tive habitat, is seen Explorer VI accom
panied by a sampling of the kind of 
information it telemeters back to a net
work of ground stations on earth. Seen 
monitoring the incoming data are Ber
nard M. Oliver, chairman, executive 
committee, WESCON; H. Myrl Stearns, 
chairman, board of directors, WESCON; 
and E. Micheal Boughton, STL.

Featured in the opening-day cere
monies at WESCON (discussed else
where in this issue), this scene also 
appropriately fits the forthcoming Na
tional Symposium on Space Electronics 
& Telemetry in San Francisco on Sep
tember 28-30 (also discussed elsewhere 
in this issue).

Explorer VI is the paddle-wheel satel
lite launched August 7, 1959. Presently 
traveling an elliptical path around the 
earth, the satellite was instrumented by 
its designers, Space Technology Labora
tories, Inc., of Los Angeles, to conduct 
a series of experiments in such import
ant areas as radiation, magnetic field, 
and propagation.

The wide elliptical orbit makes it 
possible to study the vast and import
ant region of space in the immediate 
proximity of earth. In addition, the 
plane of the orbit will slowly tilt up
wards toward the equator during the 
year-long life of the satellite. It is this 
area that is most interesting to space 
scientists. Explorer VI weighs 142 

(Continued on page 12)

NATIONAL SYMPOSIUM
Electronics in Space

The National Symposium on Space 
Electronics & Telemetry is to be pre
sented by PGSET in San Francisco, Sep
tember 28 through 30, 1959.

Featuring nine sessions of 41 papers 
total (in the Civic Auditorium); as well 
as a reception and cocktail party, a • 
banquet, and a luncheon (all at the 
Whitcomb Hotel); the event was organ- j 
ized under the general chairmanship of ' 
Robert E. Rawlins of Dymec, Inc. Mem
bers of Rawlins' committees were as 
follows:

G L. Larse, Lockheed Missiles and 
Space Division, Sunnyvale, technical I 
program chairman;

Robert A. Grimm, Dymec, Inc., Palo 
Alto, exhibits and arrangements chair- •
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This new precision DC VTVM is also 
a wide range, precision ohmmeter and ammeter!

Floating chassis. $1,000 worth 
of convenience for $350!

No zero adjustment. 1 minute 
warm-up.

Measures 0.02 ohms to 
5,000 megohms.

Also 2% accuracy, 1 pa to 
1 amp full scale.

1% accuracy
100 jiv to 
1,000 volts!

400H PRECISION 
VOLTMETER—$325 
Extreme accuracy as high 
as ± l%to 500 KC, ±2% to 
1 MC, ± 5% full range. Fpe- 
quency coverage 10 cps to 

4 MC. Large 5" meter with precision 
mirror scale. Voltage range 0.1 mv to 
300 v; max. full scale sensitivity 1 mv. 
High 10 megohm input impedance mini-

maximum readability and overlap. The ohmmeter 
is a modified Kelvin bridge eliminating lead resist
ance error; you measure resistance accurately on 
hook-up wire sections as short as 6".

Model 412A also includes a 1 v or 1 ma recorder 
output, and 3 separate probes. Call your $) rep 
today for a demonstration on your bench. Price, 
$350.

HEWLETT-PACKARD COMPANY
1 001A PAGE Ml LL ROAD • PALO ALTO. CALIFORNIA, U.S.A. 

CABLE “HEWPACK" • DAVENPORT 5-4451
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS

14!
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& 400L LOGARITHMIC 
VOLTMETER—$325
New <$) voltmeter covers 10 

D cps to 4 MC; accuracy high 
' as ±2% of reading or 1% 

of full scale. Voltage range 
0.3 mv to 300 v, 12 ranges, 1-3-10 se
quence. Max. full scale sensitivity 1 mv. 
Large 5" true log voltage scale, linear 
12 db scale, generous overlap. High sta
bility, high input impedance. Also use
ful. as amplifier for small signals, or 
to monitor waveforms.

Haven’t you wished for one compact, simple in
strument that would make precision de voltage, 
de current and resistance measurements over a 
wide range?

The new 412A is it! In its VTVM circuit, the 
412A uses an exclusive $) photo-chopper instead 
of old-style mechanical vibrators—no drift, no 60 
cps pickup. Input is floating, with resistance in
creasing from 10 megohms on the 1 mv range to 
200 megohms on ranges above 100 mv. Current 
and voltage ranges have a 10 db sequence for

RANGE 

r-a"—i

$ 100D WIDE RANGE 
VOLTMETER—$225 
Highest quality, extremely 
versatile. Covers 10 cps to 
4 MC. Highly sensitive, ac
curate to within ±2% to 1 

MC. Measures 0.1 mv to 300 v; max. 
full scale sensitivity 1 mv. Reads direct 
in dbm. High 10 megohm input imped- 

_ ance virtually eliminates circuit load-
mizes circuit disturbances. Amplifier ing. 56 db amplifier feedback insures 
with 56 db feedback insures lasting high stability and freedom from change 
stability. Reads direct in db or volts. due to external conditions.

Data subject to change without notice. Prices f.o.b. factory

CONTACT OUR ENGINEERING REPRESENTATIVES, NEELY ENTERPRISES, FOR INFORMATION— 
L«« Angelas, 3939 lonkorshlm Blvd., North H'wd., ST 7-0721) San Carles, 501 Laurel Si., LY 1-2626; 
Sacramento, 1317 Fifteenth St., Gl 2-8901; San Diego, 1055 Shafter St., AC 3-8106; Phoenix, 641 E. 
Missouri Ave., CR 4-5431; Tucson, 232 So. Tucson Blvd., MA 3-2564; Albuquerque, 107 Washington St., 
S.E., AL 5-5586; Las Crucos,.126 S. Water St., JA 6-2486.
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The assumptions, analysis and results of the

(Continued on page 14)
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R. L Sink, Consolidated Electrodynamics 
Corporation, Pasadena, California.

THE USE OF PCM IN DATA LINKS WITH 
SATELLITES, SPACE VEHICLES AND 

LONG-RANGE MISSILES

PHASE-LOCK IN SPACE COMMUNICATIONS 
F. A. Ruegg and W. F. Sampson, Hallamore 
Electronics Company, Anaheim, California.

G. L. Larse, technical program chair
man, NSSET

address systems faltered in just enough 
cases to set the proper tone. A new 
twist was introduced during the open
ing ceremony where dignitaries labored 
to get some assistance from the micro
phone on the stage only to discover that 
it was not a public address system at 
all but part of the Ampex Videotape 
equipment on hand to document the 
event.

Before all the dust cleared away, the 
hoped-for attendance of 30,000 had 
been exceeded by 898.

Eight hundred fifty-seven companies 
occupied 960 booths with a floor space 
of 259,000 sq ft. They hawked their 
wares with the help of 1,500,000 
pounds of displays and equipment val
ued at $20 million and consuming 
1,800,000 watts of electricity

(Continued on page 14)

Allen Al. Peterson receives Seventh Re
gion Achievement Award from Glenn 
A. Fotvler, IRE Seventh Region director

IB"

This paper is devoted to examining the feasi
bility and possibilities of using digital methods 
for the storage, transmission and recovery of data 
in vehicles operating under marginal or limiting 
transmission conditions. The emphasis will be 
placed upon establishing the probable limits of 
capabilities of digital methods as data transmis
sion and storage links as determined by probable 
state-of-the-art advances within the next five 
years. Definitions of the problems are given and 
compared with the data link requirements in 
terms of speed, bandwidth, storage, resolution, 
etc. The types of data considered for transmis
sion and storage will include visual, engineering, 
and space information. Comparisons will be made 
on the basis of alternate storage, modulation, and 
circuit methods. Some methods of reducing the 
amount of redundant information to be transmit
ted and stored will be suggested.

This paper describes a high-speed digital com
puter simulation approach to the design and eval
uation of space communications systems. Emphasis 
is placed on the synthesis of requirements and de
termination of expected performance of either 
existent or proposed system designs.

Several mathematical models and operation 
logic of transmitter and receiver characteristics, 
their antenna systems, of propagation phenomena, 
signal intelligibility criteria, and scoring tech
niques are combined with physical realizability 
weighting factors to evaluate performance in 
light of either certain objectives dr known users' 
needs. While approximately 100 variables and 
many theoretical and empirical relations are pro
grammed on an IBM-704 computer, different trial 
designs can be quantitatively compared in the 
computer os these variables are manipulated to 
obtain an optimum overall systems design.

Wco/V
- MuTtLeBus 

up Point 
c*

A<^on St.
&Cr^ento St.

pounds and has a diameter of 29 in.
Meanings of the tabular headings 

are as follows. Zebra identifies a 24- 
hour Greenwich Mean Time clock. The 
University of Chicago experiment 
aboard consists of both single- and 
triple-coincidence cosmic-ray counters. 
The University of Minnesota experiment 
includes Geiger-Mueller and ion-cham
ber measurement of particles at dif
ferent energy levels. The Stanford ex
periment was proposed by Professor 
Robert A. Helliwell and implemented 
by a special radio receiver developed 
by Louis H. Rorden of Stanford Re
search Institute and Robert N. Beatie 
of Develco, Inc., of Belmont. This picks 
up very-low-frequency signals at 15 5 
kc from the Navy's big Annapolis trans
mitter, and relays them to the ground— 
the objective being to measure the ap
proximate height at which the D layer 
of lhe ionosphere reflects the signal.

Micrometeorite hits are counted in two 
categories: high mass-times-velocity, 
which represents particles of pin-head 
size,- and total, which represents dust. 
The next column reports a scintillation 
counter reading total radiation flux.

Magnetometer data shows the phase 
and amplitude of a search-coil device 
used in conjunction with a flux-gate 
magnetometer to permit mapping of the 
vector magnetic field, sun referenced.

Various temperature readings from 
the equipment compartment and the 
solar-battery paddles are seen to be 
telemetered on a sub-commutated basis 
as are current and voltage measure
ments which permit determination of 
storage-battery and solar-cell condition. 
The last column, range from the earth's 
surface, is computed. Position can be 
expressed in any desired coordinates.

Opening ceremonies found WEMA and IRE luminaries on the W ESC ON stage: 
Bruce S. Angwin. Victor B. Corey, John A. Chartz, Walter E. Peterson, Hugh P. 
Moore, D. C. Duncan, O. H. Brown, Albert J. Morris, IRE President Ernst Weber, 

Bernard Al. Oliver, H. Myrl Stearns
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Our creative Engineering Department has produced

many provocative items We will introduce the latest

of these at the

NATIONAL SYMPOSIUM ON TELEMETERING

CIVIC AUDITORIUM

BOOTH 402

HOSPITALITY SUITE

ST. FRANCIS HOTEL

UNION SQUARE

DA 9-2323
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GDI GENERAL
PRINCETON,

DEVICES, INC. 
new jersey i

WASHINGTON.

subject GDI Advanced Multichajinel 
Telemetering Equipment.

GENERAL DEVICES, INC.
PRINCETON, NEW JERSEY

PHONE MONMOUTH JUNCTION EXCHANGE DA 9-2323 
TWX: Monmouth Junction N. J. 271X

TWX: Monmouth Junction N. J. 271X
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SEPTEMBER 1959

PHONE MONMOUTH JUNCTION EXCHANGE
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session

SESSION 2*

L

SEPTEMBER 1959

Lloyd V. Berkner, president 
of the Associated Univer
sities, Inc., spoke on IGY

> ■

Merrill I. Skolnik and Lincoln Cartledge, Mas
sachusetts Institute of Technology, Lincoln Lab
oratory, Lexington, Massachusetts.

A COMMUNICATION SYSTEM FOR A SMALL 
INTERPLANETARY VEHICLE*

DATA PROCESSING SYSTEMS AND 
TECHNIQUES

Bernard Lippel, U.S.A. Signal R&D Labora
tories, Fort Monmouth, New Jersey.

ENCODING, DECODING AND RECODING 
WITH BINARY-DECIMAL NUMBERS: AN 

EXPANDED VIEW

* x ?* 
ft

Monday, September 28
2 P.M. to 4:30 P.M.

Technical sessions featured "new sound” 
unbodied in panel of peers seen here at 
right in typical post-paper discussion

ROOM

MPER NO. «BS1

W
.“■7

at

Jaffe-Rechtin optimization of the phase-lock loop 
for the detection of sine wave signals in noise 
are reviewed and summarized os a basis for ex
tensions of this analysis. New results include a 
secondary optimization of the socond order loop 
in the presence of a constant acceleration, and 
some interesting comparisons between the charac
teristics of second and third order loops. Prac
tical application of these results is illustrated by 
several typical problems encountered in space 
communications.

The design of a communications system to trans
mit a message to the Earth from an interplanetary 
vehicle such as a Mars reconnaissance probe is 
described. The communication range equation is 
used os the basis of design. Each of the various 
factors which influence the choice of the frequen
cy are discussed. These include the energy per 
bit available from the transmitter, the vehicle an
tenna gain, the receiving antenna aperture, the 
receiver effective temperature, the needed signal- 
to-noise ratio, the stability of the transmitter, and 
the availability of components. The optimum fre
quency range of operation is derived and several 
possible transmitter configurations are discussed 
which use presently available devices. The par
ticular problems involved in the selection of the 
modulation waveform are also mentioned. It is 
concluded that the transmission range of 250 mil
lion n. mi. required for a Mars probe is possible 
using present techniques. Extrapolations of pres
ent capabilities to the future are also given.

•The work reported in this paper was performed 
by Lincoln Laboratory, a center for research op
erated by Massachusetts Institute of Technology; 
this work was supported by the U.S. Air Force.

Chairman: Joseph E. Hinds, Jr.
Ampex Corporation, Washington, D. C.

(Continued on page 16)

1 .

Informal shot of a segment from the 
head table at W7ESCON All-Industry 
Luncheon. York was principal speaker

The paper reviews the subject of decimal num
bers represented by combinations of binary digits 
with particular emphasis on three areas in which 
a liberalization of generally-prevalent viewpoints 
and definitions results in additional degrees of 
freedom for design of encoding and decoding 
equipments. For brevity, the paper will be lim
ited to these three areas of emphasis:

1) The extension of the definition of "constant
weight" codes, and its implication for voltage- 
to-digital and digital-to-voltage conversion.

2) A unifying discussion of unit-distance deci
mal codes for displacement digitizers and the re
lations between digitizer codes, translation pro
cesses, and target codes.

3) A generalized discussion of logical selection 
processes, (which are alternative to unit distance 
coding and subsequent translation) and illustra
tions of payoff in break-throughs in equipment 
design.

Awards
Dr. Allen M. Peterson was given the 

1959 Achievement Award for "leader
ship in basic electronic physics research 
in support of the national defense pro
gram."

Manager of the Stanford Research In
stitute communications and propagation 
laboratory and an associate professor 
of electrical engineering at Stanford 
University, Peterson was a member of 
the founding publications board of the 
Grid in 1955.

An international authority on radio
wave propagation, he has made nu
merous major scientific contributions to 
the discovery and interpretation of 
propagation phenomena. Among these 
are the discovery of the ground back
scatter of radio signals and meteor
burst communications. He has conducted 
research on radio propagation in auro
ral zones which is of prime importance 
to military communications and the 
long-range detection of ballistic mis
siles. His research in radio-propagation 
effects of nuclear explosions has re
sulted in a reappraisal of U. S. defense 
planning. The ground-based experi
ments he directed has provided the 
basis for the scientific interpretation of 
Project Argus.

On a more earthly basis, 18 winners 
were announced for the first industrial 
design competition sponsored by WES
CON. Winners were chosen by a profes
sional jury from among 140 submis
sions. Awards of Excellence were made 
to Ampex Corp., Cannon Electric Co., 
Electronics International Co., the Digi- 
tran Co., Hewlett-Packard Co., Santa 
Anita Engineering Co., and the indus
trial products division of ITT.

Awards of Merit were made to Am
pex Corp., Autonetics, Electronic Asso
ciates, Inc., General Electric Co., Libra- 
scope, Inc., Tally Register Corp., and 
Voltron Products.

At the junior age levels, awards were 
made in the Future Engineers Show by 
a committee of judges including Joseph 
M. Pettit, Dean A Watkins, Earl G. God
dard, John V. N. Granger, William Eitel, 
Jack L. Melchor, Alexander Poniatoff, 
George E. Mueller, Lester E. Reukema, 
Andrew V. Haeff, C. J. Burnside, and 
W. J. Linder, all under the supervision 
of Glenn A. Walters of the committee.

The awards were as follows:
1st place — David Milne, Crawford 

High School, San Diego; 2nd place— 
David Skaar, Burroughs High School, 
China Lake; 3rd place—Sidney Hoover, 
Los Altos High School, Los Altos; 4th 
place—Theo W. Thomson, Logan High 
School, Logan, Utah; and 5th place— 
Philip Condit, Acalanes High School, La
fayette.



We promise you will receive a reply within one week!

r
HUGHES

Name.   

Address.

City.  State.Zone.

College  Year.

PRODUCT ENGINEERING

TECH. ADMIN.

areas:

STRESS ANALYSIS

DIGITAL COMPUTERS INDUSTRIAL DYNAMICS

MATERIALS

SYSTEMS ANALYSIS

I have had a total of years of experience.
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CIRCUIT ANALYSIS 
AND DESIGN

NEW OPENINGS 
AT HUGHES 

RESEARCH & 
DEVELOPMENT 

LABORATORIES

Hughes has several hundred openings for 
engineeers and physicists whose training 
and experience are applicable to the re
search, development, design and testing of 
airborne electronic equipment for use in 
supersonic military aircraft; in solid state 
physics, nuclear electronics, industrial dy
namics, and related areas.
Use of the following form will, we hope, 
reduce to a minimum the inconvenience of 
submitting an employment inquiry, yet will 
still permit us to give you a reasonably defi
nitive reply.

____________ I  
© ItS*. HUSHES AIRCRAFT COMPART

I__ I other: 

| | INSTRUMENTATION

| ] R-F CIRCUITS

[ ~| RELIABILITY

I I atomic and/or SOLID 
STATE PHYSICS

 OTHER:  SYSTEMS

 FIELD TEST

Degree.
lam interested in one of the following types of assignment:

[ I RESEARCH

L I DEVELOPMENT 

I have had professional experience in the following specific 
~1 CIRCUIT ANALYSIS

I I AND DESIGN | |

l I DIGITAL COMPUTERS I I

| I GUIDANCE DEVICES I I

| I MICROWAVES I I

""] ELECTRO-MECHANICAL
I | DESIGN

Please airmail to: .
Mr. Robert A. Martin, Supervisor, Scientific Employment 
Hughes Research and Development Laboratories 
Culver City 68, California
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The High Speed Digital Plotter accepts a mog- 

(Continued on page IS)

as 
are 

space

HIGH SPEED HYBkID COMPUTER 
Meryl C Burns, Radiation, Inc., Mountain 
View, California.

HIGH SPEED DIGITAL PLOTTER
R. Saperstein, Lockheed Missiles and Space 
Division, Sunnyvale, California.

Hybrid (analog and digital) computation tech
niques simplify sampled data reductions and con
trol function problems. The techniques are inher
ently compatible with usual equation formats.

The operational laws are largely determined by 
linear transformations or mappings. A finite alge
braic field is defined by the system, 
point arithmetic inherently establishes 
yet very flexible information format, 
mesh related to

MATHEMATICAL APPROACH TO HYBRID 
COMPUTING

George Birkel Jr., Radiation, Inc., Melbourne, 
Florida.

Maser Miscellany
Continuing the happy association es

tablished in last year's lecture series, 
the Professional Groups on Electron De
vices and Microwave Theory & Tech
niques will join forces again this season. 
First scheduled meeting on the calen
dar will be on Wednesday, September 
30 (see "Meetings Ahead").

Dr. Anthony Siegman, assistant pro
fessor of electrical engineering at Stan
ford, will discuss recent work in travel
ing-wave masers and review briefly 
the other types. Dr. Siegman will also 
give highlights of the Conference on 
Quantum Electronics including recent 
activities in vhf masers.

Robert A. Grimm, exhibits and 
arrangements chairman, NSSET

Microminutes
On August 31, the first Executive 

Committee meeting of the San Francisco 
Section for the new season was held at 
the Villa Chartier.

Committee Operation. Committee ap
pointments (as printed in the Section 
Directory elsewhere in this issue) were 
announced by Chairman Corey and con
firmed by the committee. Changes from 
past practice include a merger of the 
arrangements and public relations func
tions into one committee and the ap
pearance of a new historical committee. 
Concerning professional group activi
ties, a new professional group commit
tee with Vice Chairman Dunn as chair
man, was set up as a means of ex
pediting the handling of PG matters 
without involving the entire executive 
committee in long deliberations.

In another step to streamline execu
tive-committee functions, it was pro
posed that an operating committee be 
formed to permit rapid action on mat
ters which could not wait for a full- 
scale executive committee meeting. 
After considerable discussion, it was 
determined that an ad hoc committee 
be formed of the officers, directors, and 
Junior Past Chairman Goddard to draw 
up a definition of membership and func
tions for this new group. Target dates 
of less than 90 days and more than 60 
days were established.

Money. Treasurers' reports included 
both a recapitulation of last year's fi
nances and a projection for the coming 
year. Publication activities and other 
Section activities were discussed sep
arately in both these considerations.

For the period 1 July 1958 to 30 June 
1959, Grid operations showed an ap
proximate $600 contribution to equity, 
with "Grid-Bulletin" activities adding 
another $300. Other Section activities 
brought this total to about $2500, with 
approximately $17,000 on hand at 
closing.

In the prediction department, Grid 
activities were expected to approxi
mately break even, "Grid Bulletin" pub
lication to contribute approximately 
$4,*000, and other Section activities to 
range somewhere between break-even 
and a gain of $1,000.

Meeting Notices. Considerable discus
sion was held concerning the desire of 
some of the professional groups to issue 
meeting notice reminders to augment 
their coverage in the Grid and the "San 
Francisco Engineer." This comes about 
largely through the production sched
ules of the two publications which in
evitably favor certain dates and create 
a disadvantage for others.

(Continued on page IS)

Floating- 
a simple 
A coding 

a bounded reference subspace is 
defined with respect to a modulus or radix by a 
proportionality constant. A quantizing width de
fines the smallest possible mesh.

Normalizing operations ore performed on dig
ital data prior to arithmetic operations. Normal
izing techniques used are similar to the usual 
floating-point procedures. Provisions for under
flow and overflow conditions ore included. Tech

niques for analyzing and minimizing errors are 
especially simple in such a finite algebra.

Hybrid computation tehniques are adaptable 
to the solution of many problems of process con
trol and computation where on-line computing is 
desired. These techniques combine the best per
formance of digital and analog equipment to pro
duce a unique combination capable of operating 
at extremely high speeds and at high accuracies 
Accuracies and speeds approach those obtainable 
with high priced digital computers. The basic 

techniques of hybrid computing, using conven
tional onalog-to-digitol digital-to-onolog, elec
tronic commutators and NOR logic, ore described 
in detail. Methods of scale adjusting, error de
tection and use of error analysis are described. A 
typical problem setup illustrates a practical com
puter configuration. Conclusions are drawn as to 
the adaptability of hybrid computer systems for 
process control, routine computation and simula

tion.

MEETING REVIEW
Man in Space Tank

Space technology was the subject of 
the May meeting of the PGED, only in 
this case it was not satellites but the 
"Design of Vacuum Tube Devices Using 
the Manned Space Tank." James Orr 
of Litton Industries presented the results 
of a project whose purpose was to in
vestigate the feasibility of using the 
manned space tank to design beam
type tubes.

The advantage of this method is lhe 
ability to see the beam shape, due to 
ionized particles in the vacuum, and 
the way the beam shape changes 
physical dimensions of the tube 
changed. The man inside the 
tank can, of course, change these di
mensions quite simply without any need 
for complex external controls because 
he is inside the vacuum chamber along 
with the tube The space tank can be 
evacuated to a pressure of 3 x IO-6 
mm Hg with pumps which hove a ca
pacity of 15,000 liters per second.

Orr gave a complete summary of the 
project, starting with a background of 
M type devices, which is the only type 
he considered, and following with a 
discussion of the design criteria of elec
tron guns for M type tubes. After the 
preliminary gun design is made, a 
scaled-up model is made with trans
parent (wire screen) gun parts Io allow 
the electron beam to be viewed at all 
parts of its transit.

The model is then operated in the 
space tank, and photographs are taken 
of the beam to evaluate the design. Po
sitions of ail the parts are changed dur
ing this operation, and the effect upon 
the beam is observed. Some excellent 
photographs were taken in color and in 
black-and-white showing "good" and 
"bad" gun designs. A blue filter was 
used for increasing the resolution and 
minimizing the cathode glow.

A discussion of the errors made in 
(Continued on page IS)
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TELE-DYNAMICS puts a NEW 
PERFORMANCE STANDARD

...right in 
the palm 

of your hand

WRITE, WIRE OR PHONE for complete techni
cal details on this newest advance in the electronics 
slate of the art! Also ask about TDI's DATAPLEXER 
-the breakthrough in electronic commutator design 
for airborne use!

TDI Type 1250A 
Sub-Carrier Oscillator.
Shown actual size—dimensions:
% X P/i6 X 15/i6* 

weight: 3 ounces (approx)

An advance in the state of the art for
SUB-CARRIER OSCILLATORS

I Tele-Dynamics Inc.
| 5000 Parkside Avenue, Philadelphia 31, Pa.
I Please rush me all available data on new Q TRANSISTORIZED S.C. OSCILLATOR
I  DATAPLEXER

I
J NAME  

I COMPANY.

| ADDRESS—

I CITY

• MISSILE AND AIRCRAFT 
TELEMETRY

• MISSILE ANO DRONE 
GUIDANCE

• ANALOG AND DIGITAL 
DATA ACQUISITION AND 
HANDLING SYSTEMS

• SYSTEMS DESIGN AND 
MANAGEMENT

• ENVIRONMENTAL TEST 
FACILITIES

• COMPUTING SYSTEMS
• COMMUNICATIONS

TRANSISTORIZED for reliability, miniaturization, and power 
conservation . . . this versatile oscillator for voltage or current 
control provides outstanding operating characteristics for the 
severe environments of missile and drone telemetry. Silicon tran
sistors permit operation up to 100° C under extreme conditions of 
vibration and impact shock. Linearity is held to within ±.25% 
of design bandwidth; stability is maintained within ±1% with 
± 10% variation in supply voltage.
This design delivers predictable performance . . . insures extremely 
long life with stability and repeatability. A highly efficient band 
pass filter is incorporated and the entire unit is encapsulated.
The deviation sensitivity, center frequency and output voltage 
adjustments on the 1250 provide UNIQUE VERSATILITY for 
all telemetry applications.

Challenging opportunities for qualified personnel now 
available at TDI. Analog circuit engineers with transis- 
tor experience are especially invited to submit resumes.

C'Lt-Aro 
Z$00^^oIO/>

'YNAM ICS 
eJ^aymonel Co’ilio’iation.

5000 PARKSIDE AVENUE • PHILADELPHIA 31, PENNSYLVANIA 
Western Regional Offices: 15016 Ventura Blvd., Sherman Oaks, Los Angeles. California 

305 Washington Street. S.E., Albuquerque, New Mexico 
P.O. Box 3172, Dayton, Ohio
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Left, scenes from the June 
PG EM meeting

•V

E. N. Sherman, EPSCO, Inc., Boston, Massa
chusetts.

R. G. Madsen, Convair-Astronautics, San 
Diego, California.

TELEMETRY DATA PROCESSING AT 
CONVAIR-ASTRONAUTICS

Robert De Li ban, publicity chairman, 
NSSET7

H. G. Markey, staff engineer, IBM research lab, leading tour through the facilities 
at the June PGEM meeting

were more 
model. This 
fuzziness to

AN INTEGRATED GROUND FLIGHT TEST DATA 
REDUCTION CENTER

The Lockheed Environment
The Lockheed Aircraft Corporation's 

missiles and space division hosted the 
final meeting of the season for the 
PGRQC Chapter of the San Francisco 
Section in May. After dinner in the com
pany's Sunnyvale cafeteria, staff mem
bers of the quality assurance and test 
service branch described their respective 
operations. Fittingly, Ross Bumstead, as
sistant director quality assurance and 
test services, led off by highlighting 
each of Lockheed's many and varied

(Continued on page 20)

MORE SPACE

scaling was also presented. The most se
rious error was the inability to scale the 
thermal velocities, which 
pronounced in the scaled 
error contributed a slight 
the edges of the beam.,£!

This paper describes a completely integrated 
system capable of accepting PDM, PAM, FM-FM or 
PCM information at high dynamic rates. Included 
are a high rate primary data acquisition digital 
tope transport, editing features which allow the 
selection of portions of the data, and a PCM mi
crowave link for transmission of the data over 
land for distances up to 50 miles. The final out
put of the system is a digital tape in IBM 704 
computer format.

The Data Processing Station at Convair-Astro
nautics is designed to process large quantities of 
telemetry data at high production rates. Data is 
processed in real time from magnetic tape with 
all corrections handled automatically; i.e., wow 
and flutter, zero offset, scale factor, (VC), zero 
drift (VCO), nonlinearity, and timing offset. Ana
log trace graph and digital output records are 
direct reading in elapsed time and convenient 
physical units. A Central Control Console using 
perforated tape provides automatic programming 
and automatic checkout of all major equipments.

The Data Processing Station is one of three 
laboratories in the Computer and Simulation Sec
tion and is physically located adjacent to the 
Analog Computer and the IBM 704 Digital Com
puter. When needed, all three laboratories are in
terconnected to provide an extremely versatile and 
powerful tool for post flight simulation and ana
lysis.

mit

MORE EXCOM
As a result of this discussion, it be

came apparent that the special bulletin
board meeting notices produced by the 
Grid were not generally known about. 
These notices, printed on heavy paper 
and suitable for bulletin board mount
ing, reproduce the meeting calendar 
from the forward section of each issue 
of the Grid and are mailed out some
where in the neighborhood of a week 
ahead of the corresponding issue of 
the Grid.

Distribution and mounting of these 
notices is generally a function of the 
membership committee, but anyone 
within the Section having a situation 
in which these would be helpful is in
vited to contact the Grid office to be 
placed on this mailing list for any de
sired number of these notices.

Because of the fact that the services 
available in the WESCON office include 
the distribution of notices for individual 
professional groups, it was the expres
sion of the executive committee that 
these should be distributed through such 
channels where they will be helpful, but 
that costs for such activities done exter
nally should not be a part of standard 
professional group budgets.

F

L

The June meeting of the PGEM was 
held at the San Jose laboratory of IBM.

Speakers for the evening were J. 
Perrone; L. D. Stevens, manager of pro
duction development laboratories; and 
Ray Johnson, manager of advance sys
tems designs. These gentlemen dis
cussed the reasons behind the recent 
national reorganization of IBM.

Principal effects of this reorganiza
tion are separation of the data-process- 
ing division into separate marketing 
and manufacturing operations, thereby 
providing increased marketing poten
tial. Also discussed were IBM methods 
of bringing a new product into being, 
starting with an idea presented by a 
design artist and traversing various 
committee discussions. Each new prod
uct must represent a definite advance 
over existing products.

The new advanced systems-design 
group under Johnson will provide new 
fundamental ideas. It is expected that 
the maximum results will be obtained 
by providing pleasant working environ
ment, adequate facilities and support, 
with constant emphasis upon advanced 
education.

The meeting was followed by a tour 
of the research lab in San Jose.

— IT. S. Chaskin

MORE PROGRAM
netic tape input and records the output on mov
ing electrolytic facsimile paper. The maximum 
plotting rate is in excess of 4000 points per sec
ond in addition to the grid pattern. The plotter 
is normally used to record data complete with co
ordinate system and alpha numeric annotation, 
such os scale factors, title blocks, and important 
event markings. Resolution and accuracy of the. 
Plotter is 0.01 inch, and the nominal paper drive 
speed is 1.0 inch per second.

With the use of this instrument, completely an
notated curves can be produced in final form, re
quiring no further manual work, save the addi
tion of an approval signature, at the rate of many 
hundreds per day.
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Modular construction
Write for Data Sheets

COLOR TV • INDUSTRIAL INSTRUMENTATION • TELEMETRY

FRONTIERS OF ELECTRONICS SOUTHWESTERN ENGINEERING DIVISION . 4207 Gaston Ave . Dallas. Tex.. TAylor 3 3291AT THE
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215-260 me 
FM/FM 
Model 1483A1

WESTERN ENGINEERING DIVISION • 13635 Victory Blvd.. Van Nuys, Calif., STate 2-7479 
MIDWESTERN ENGINEERING DIVISION • 106 W. St. Charles Rd., Lombard, III., MAyfair 7-6026

TELECHROME
MANUFACTURING CORP.

Features:
• Power output 4 watts min.

• AFC Loop crystal controlled for 
± .005% carrier stability.

• Modular construction.

• Silicon Transistors for Low Noise and High 
Efficiency.

• Modulation Distortion Less than 1%.

• Size 15/s" x 23/4" x 4".

A

TELECHROME MANUFACTURING CORP.
28 RANICK DRIVE AMITYVILLE, N.Y. Lincoln 1-3600 
Cable Address: COLORTV TWX: AMITYVILLE NY2314
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3. RADIO FREQUENCY PROPAGATION TO AND 
FROM ICBM'S AND IRBM'S

F. S. Howell and W. H. Drake, Space Tech
nology Labs., Inc., Los Angeles, California.

An analysis has been made of a large number I 
of ICBAA and IRBM instrumented launches to de- j 

termine the causes of data "drop-outs". Results h 
of the analysis show effects produced by flame, | 

antenna ionization, antenna pattern and pressure 
shock wave. Recommendations are included which 
will assist systems engineers to reduce the detri
mental aspects of the effects encountered. These 
effects are applicable to all systems at all fre

quencies. Data includes radar, Azusa, telemetry 
and other equipment operating on frequencies 
from 200 megacycles to X-band.

(Continued on page 22)

MORE PROGRAM
SESSION 3

PROPAGATION PROBLEMS AND 
RECEPTION METHODS 
Monday, September 28

2 P.M. to 4:30 P.M. 
Chairman: Robert B. Muchmore 
Space Technology Laboratories, Los Angeles 
1. DATA RECOVERY — NEW APPROACHES 

REQUIRED FOR RE-ENTRY VEHICLE
INSTRUMENTATION

P. A. Lathrop, General Electric Company, 
Philadelphia, Pennsylvania.

A phenomenon common to all re-entry vehicle 
flights to date is the ionized sheath which forms ( 
and impedes electromagnetic transmission from I 

the vehicle at the most critical time of flight. 
Some of the solutions to the problem of data re
covery from this portion of the flight—the most | 

crucial from the standpoint of vehicle survival— ; 
will be discussed.

For collection of data at or near the time of j 

final impact with the earth, the normal problem 
of horizon limitations on propagation at short 
wavelengths associated with telemetry is still with 
us. Some of the other old familiar problems I 

plaguing these systems are transmission link noise, 
bandwidth limitations in terms of frequency allo
cation and equipment capabilities. A new ap
proach to minimizing these problems will be pre
sented, together with a discussion of the equip
ment involved.

Both system and component design will be dis
cussed, showing how successful results have been 
obtained from Thor and Atlas Re-entry Vehicle 
Flights, gathering data for proving existing de
signs and for generating new designs for re-en
try vehicles and space vehicles.

ANALYSIS AND PREDICTION OF RADIO 
SIGNAL INTERFERENCE EFFECTS DUE TO 

IONIZED LAYER AROUND A RE-ENTRY 
VEHICLE

W. C. Taylor, Lockheed Missiles and Space 
Division, Sunnyvale, California.

The theoretical section of this paper discusses 
the electromagnetic properties of the ionized shock 
layer about a missile re-entering the atmosphere; 
a treatment is then given to the problem of pre
dicting the transmission, through the shock layer, 
of electromagnetic waves originating on the ve
hicle. The maior portion of this section is given - 
to outlining the important quantitative aspects for I 

calculating the extent of the attenuation problem.
The experimental section is devoted to a dis- I 

cussion of the plans and results to dpte of an ex- 6 
perimental program which is designed to supple- | 
ment or verify theory and to point the way to ! 

possible solutions of the transmission problem. 
One of the most important phases of this program I 

is tests on scale models greater than 5" in dia- £ 
meter in the Lockheed 24" spark-heated tunnel I 
involving flow velocities greater than those pre- I 
dieted for the longest planned Polaris trajector- 1 

ies.

MORE LOCKHEED

test facilities. In addition to launch pads 
at Cape Canaveral, such facilities in
clude a sophisticated installation en
titled a ship motion simulator. This de
vice simulates the pitch, roll and heave 
of a ship at sea and its motion is con
trolled from tape recordings actually 
made on board vessels which will be 
used for launching the Polaris missile.

At the Holoman Air Defense Center, 
Lockheed makes flight tests on high
speed drones using ramjet engines. 
These vehicles are recovered by para
chute, making it possible to get several 
flights from each vehicle.

Located at San Clemente Island, Lock
heed maintains an underwater launch 
facility where Polaris missiles are tossed 
into the air from a vessel anchored to 
an underwater pad which simulates a 
submarine at sea. Utilizing the equip
ment, problems in underwater stability, 
launching techniques and the structural 
integrity of the vehicle are studied to 
guarantee a reliable weapon system.

Lockheed maintains a static-firing test 
site in the Santo Cruz mountains. Here 
solid and liquid propellant type missiles 
are test fired while being held to the 
test stands. At the Santa Cruz site "soft 
mounts" are utilized The vehicles are 
held by four struts which are focused 
at the eg at one end and supported at 
the other by a hydraulic damping de
vice. These struts have flexure pivots 
which allow the vehicle to move in 
pitch and yaw, and the damping device 
allows several inches in axial motion. 
Except for lack of longitudinal accelera
tion, this engine-firing test simulates the 
missile in its airborne environment. Dur
ing the test all subsystems such as 
guidance, flight control, etc., are oper
ated to establish their reliability.

Environmental Laboratory

Harry Cuzner, in describing the "Role 
of the Environmental Laboratory in the 
XA and XN Projects" called attention 
to the fact that while two of the pro
grams at Lockheed, the Discoverer and 
the Polaris, have somewhat different 
environmental requirements, the overall 
environmental test doctrine necessary is 
the same. The Polaris program does not 
require testing to the hyper altitude of 
the Discoverer, nor is the Discoverer 
required to sustain a depth charge at
tack.

The environmental laboratory acts in 
three major capacities (1) as a tool for 
the design organization to assist in 
product evaluation during development, 
(2) as a semi-independent and unbiased 
testing organization to determine if a 
prototype article can meet the qualifi
cation environments of Jhe vehicle, (3) 
to determine the reliability of a quali
fied article.

During the first phase, extremely close 
liaison is maintained between the test 
and design organizations. At this time, 
the laboratory provides an advisory 
service on difficulties to be anticipated 
during testing. Breadboards of compo
nents and systems are tested in a lim
ited number of environments such as vi
bration, shock, temperature, altitude, 
etc. Tests peculiar to the particular pro
gram may be requested in addition to 
those listed.

During the qualification phase, the 
test laboratory acts as a member of the 
quality assurance team. In this capacity 
it has the responsibility to determine if 
a component system or assembly will 
perform satisfactorily during the ulti
mate environmental conditions to be 
expected during flight. Here the speci
men is subjected to the full range of 
environmental conditions required in 
the qualification specification.

Reliability testing includes qualifica
tion of parts and components under en
vironmental and extended-life-test con
ditions. In addition, static firings are 
employed to provide a measure of sys
tem reliability.

Many of the random vibration speci
fications received by test laboratories 
do not adequately specify the parame
ters necessary for the establishment of 
a known random-vibration environment. 
The proper interpretation of an ade
quate specification, by the test person
nel, is just as important as the specifica
tion. In describing "A Practical Approach 
to Random Vibration Testing," Ray Bell, 
supervisor of the environmental test 
laboratory, presented a plea for proper 
interpretations of test specifications.

Cathcart described the space environ
ment chamber now in use at Lockheed. 
This unit was designed and built to 
LMSD specifications. The test chamber 
is unique in that it consists of a large 
chamber capable of being evacuated 
quite rapidly and, in addition to simu
lating high altitude conditions, the 
chamber is outfitted internally with a 
series of 14 panels, 12 of which form 
a cone with additional panels top and 
bottom. Each of these panels is capable 
of being separately cycled. Conceivably 
adjacent panels might be opposite ends 
of the temperature limits of the test 
chamber. Units to be tested under simu
lated space environments are placed 
inside the cone. Through automatic cy
cling of various panel temperatures, it 
is possible to simulate a satellite's en
vironment while in orbit, i.e., high tem
peratures occurring during exposure to 
sunlight and low temperatures being 
experienced while in the shadow of the 
earth.

The technical (verbal) session served 
as prelude to a guided tour through a 

(Continued on page 22)
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ACHIEVEMENT.. . on important data processing 

projects at the new IBM Laboratories in San Jose, Calif.

MECHANICAL ENGINEERS:
MECHANISM DESIGN —high-speed, complex devices used in: 
memory access, input-output elements, card and tape handling 
mechanisms, hydraulic servos.

PHYSICISTS:
SOLID STATE —explore phenomena of: electroluminescent de
vices, photoconductor devices, special transistor devices.

OPTICS —photometric, high-resolution photo techniques in high- 
performance optical systems.

You will enjoy agreeable living and working conditions at San Jose, a mod
ern town with good schools and a pleasant, healthful environment. You 
will receive exceptional employee benefits and enjoy excellent job stability. 
Moving and travel expenses will be paid.

IBM's modern, campus-like facilities are 
located at the foot of San Francisco’s 
famous Peninsula, 50 miles south of the 
city, in the open rolling hills of the Santa 
Clara Valley. The climate is mild the year 
round. San Jose is about 30 miles inland 
from the majestic Monterey coastline.

Write, outlining your background and 
experience, to:
Mr. J. P. Fernandez, Dept. 714i
IBM Corporation,
Monterey & Cottle Roads, 
San Jose 14, California

IBM
INTERNATIONAL BUSINESS 
MACHINES CORPORATION

You are cordially invited to discuss key positions open at our new facilities 
at San Jose, California, where original work is being undertaken in digital 
computer research and development.

ELECTRONIC ENGINEERS:
CIRCUIT DESIGN—transistors, cores and other solid state devices 
in: logic elements, small signal applications, drivers for mechani
cal or magnetic devices.

COMPONENT DESIGN—creative studies of phenomena associated 
with: magnetic heads, core logic, thin films and surfaces.

SYSTEM PLANNING —application and system requirements in: 
communications, facsimile recording, digital data handling, mag
netic and photo memory.
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MEETING REVIEW
Bandwidth Prodigality

RECEPTION AND COCKTAIL PARTY

2.

—G. 0. Moore
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J. P. Knight, Radiation, Inc., Melbourne, 

Florida.

SESSION 5

DATA ACQUISITION AND 
CONVERSION

Monday, September 28 
5:30 P.M. to 7:00 P.M.

Vista Sky Room, Whitcomb Hotel

Tuesday, September 29
1 0 A.M. to 12 Noon

Chairman: William E. Miller, Jr.
Range Instrumentation Development Divi
sion, White Sands Missile Range, N. M.
1. A PCM DATA ACQUISITION AND 

PROCESSING SYSTEM FOR SOLID 
PROPELLANT ENGINE TESTING

A STATUS REPORT ON MISSILE 
COMMUTATION

R. J. Farrelly, General Electric Co., Philadel

phia, Pennsylvania.

This paper will consider the state of the art 
in missile commutation, and will attempt to pre

sent a comparison between mechanical and elec

tronic commutation at the present time.
During the past few years, the General Electric 

Missile and Space Vehicle Department has uti
lized commutators for re-entry vehicle flight test
ing. In the course of this time, they have evalu
ated many types of commutators which seemed 
to offer promise for missile telemetry applica
tion. This evaluation included both mechanical 
and electronic commutators, and in general in
volved complete environmental testing of the 
units. Of particular interest is the fact that ex
tended life test data and field failure data was 
accumulated on each type of unit.

Electronic and mechanical commutation tech
niques will be compared with regard to such fac
tors as desired accuracy, system environment, sig
nal level, available power, speed, cost, and life.

A DIVERSITY COMBINER FOR 
TELEMETRY

C. C. Hall, Nems-Clarke Company, Silver 
Spring, Maryland.

The advantages of diversity reception in tele
metry ore most fully realized when the available 
receiver outputs ore combined before data pro
cessing. A diversity combiner has been devel
oped for this purpose. It accepts the outputs of 
four receivers and produces a single output, to 
which each receiver contributes in proportion to 
its signol-to-noise ratio. The combiner output sig- 
nal-to-noise ratio is equal to, or higher than, the 
best receiver signal-to-noise ratio, when the re
ceiver output noises are uncorrelated. A common
cathode combining circuit is used, in which each 
receiver's contribution to the combined output is 
controlled by sampling the receiver noise output.

The combiner is designed for use with a stand
ard telemetry receiver having IF bandwidths of 
500 kc and 100 kc. It handles the RDB FM/FM 
and PDM/FM telemetry signals with negligible 
data degradation.

portion of the environmental test fa
cilities. Equipment included in the tour 
consisted of the 25,000-lb Calidyne vi
bration machine (this unit requires a 
250-kw amplifier to drive the exciter), 
a 1 000-g centrifuge (not yet completed), 
a walk-in type vacuum chamber (ca
pable of attaining a pressure of 10-6 
mm Hg), and various arrangements of 
test equipment for analyzing power 
spectra.

use of a 
viewed, 
dwell

Boris Stefanov, Kauko and Co., Santa Monica, 
California.

Some of the basic problems associated with the 
mechanical sampling switch are re- 

It becomes apparent that the contact 
time on the channel information rows 

should be reduced to a minimum. Further, con
tact bouncing or high resistance should not af
fect the system performance in any way.

To solve these problems, the keyer design in
corporates a high input impedance memory that 
demands at the most about ten per cent (10%) 
of contact dwell time during the sampling period. 
Once the memory capacitor has been charged, the 
input is electronically disconnected from the com
mutator, and the same capacitor is used for the 
linear rundown in converting the voltage pulse 
amplitude to pulse width within the given speci
fications. Immediately after the conversion has 
been completed, the keyer is in its initial state so 
that the pulse output duty cycle can be in ex
cess of 95% without degrading the keyer per
formance in any manner. The conversion and 
linearity errors have been found to be in the 
order of a small fraction of a percent.

As an added feature, the keyer will clip all 
input pulse amplitudes above a pre-determined 
limit, and will generate a minimum pulse width 
(less than that corresponding to a zero), for all 
negative voltage. Transistor-wise, the circuit uti
lizes six (6) NPN and one (1) PNP silicon tran

sistors.

A complete PCM Data Acquistion, Editing, Tim
ing and Computer entry facility is described. The 
system was developed by Radiation, Inc. for the 
Thickol Chemical Corporation, Brigham City, Utah, 
to obtain complete evaluating data on the per
formance of solid propellent rocket engines.

The entire system Is comprised of six sub-sys
tems. Subsystem "A", used for thrust and pres
sure measurements, is capable of sampling 12 
channels, 2500 times per second to an accuracy 
exceeding ±0.1%. Subsystem "B", used to measure 
temperatures and other relatively low bandwidth 
parameters, consists of a 24-channel system cap
able of sampling each channel 625 times per 

(Continued on page 24)

5. TELEMETRY DIVERSITY RECEPTION 
TECHNIQUES

V. A. Ratner, RCA Service Company, Patrick 
Air Force Base, Florida.

The design and application of post-detection 
diversity combining equipment for missile teleme
try is discussed in this presentation. Basic prin
ciples and recent developments in this field ore 
summarized, and their telemetering implications 
exploited in detail. The relative merits of spaced, 
polarization, and frequency diversity systems are 
presented along with a comparison of RF, IF, and 
video combining. The need for diversity and the 
advantages to be realized with its utilization at 
AMR are analyzed and correlated with actual ob
served phenomena. Experimental combining equip
ment is described and specifications are given for 
the high performance units being developed for 
AFMTC by the Nems-Clarke Company.

The results of engineering evaluation tests at 
Cape Canaveral and aboard the C-54 Airborne 
Telemetry System are included with oscillographic 
recordings of comparative data gathered during 
"live" missile tests.

SESSION 4 
COMMUTATION

Tuesday, September 29
1 0 A.M. to 1 2 Noon 

Chairman: Al. V. Kiebert, Jr. 
Consulting Engineer, Claremont, Calif.
1. A NOVEL CONCEPT APPLIED TO 

AIRBORNE COMMUTATION

E. H. Straehley, EPSCO, Inc., Cambridge, 
Massachusetts.

Several approaches taken in the attempt to de
velop a commutator for airborne digital teleme
try systems ore shown. The realization of the 
commutator using operational multiplexing is then 
outlined. This discussion includes switching, pro
gramming, and packaging of the commutator. 
Finally, performance data of the device is pre

sented.

3. AN IMPROVED TRANSISTORIZED PDM KEYER 
FOR THE MULTI-CHANNEL DATA 

ACQUISITION SYSTEM

The Professional Group on Space Elec
tronics & Telemetry held a regular meet
ing at Philco Corporation, Western De
velopment Laboratories, in June. A. S. 
Westneat, Jr., formerly of ASCOP, now 
with the Ortholock Division of Gulton 
Industries was the guest speaker. West
neat's subject was "Reduction of Band
width Through the Use of Statistical 
Techniques."

Westneat discussed some thoughts on 
the telemetering of vibration data using 
statistical methods to reduce the band
width. He pointed out that many tele
metering systems are too complicated 
and prodigal of bandwidth, since 90 
per cent of information is thrown away 
after transmission. Studies have been 
made on the actual use made of vibra
tion data which show that transient con
ditions are not usually used in their 
entirety.

ASCOP has developed transistorized 
synthesizers for power spectrum analy
zers, amplitude analyzers, and cross 
correlation analyzers These have been 
tested under actual environmental con
ditions encountered in missile flights. 
These units are being evaluated by 
ABMA to determine their practicality 
to the types of problems encountered.

Westneat described the principles in
volved and the circuits used for the 
various applications. He showed slides 
of actual curves taken from magnetic- 
tape records of in-flight tests. In the dis
cussion which followed the talk, many 
interesting points relative to the actual 
progress to date and plans for the fu
ture were developed.

Dr. J. W. Muehlner presided at the 
meeting, which was attended by 74 
members of the Professional Group and 
their guests. Following the meeting, R. 
W. Isaacs of Philco Corporation con
ducted a tour of the Philco Transac 
S2000 computer facility and explained 
and demonstrated how this computer is 
used in space-electronics engineering 
computations.
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Sensitivity: Radiated pick-up using 
a calibrated, tuned dipole (with
out reflector), 0.6 to 60 pv/meter, 
depending on frequency. Conduct
ed pick-up via 50-ohm matched 
coaxial line, 0.5 to 1 pv from 20 

| to 240 me, less than 6 pv' from 
I 240 to 400 me.
j Spurious Response Rejection: Bet

ter than 40 db.
I.F. Rejection: >60 db.

Spurious Responses:
2 F#* > 60db down from Fo
3 Fa' > 55db down from Fo 
AH others > 75 db down

Protected under

Stoddart Patents

NM-40A (AN/URM-41)
30 cps to 15 kc

WIDEBAND OPERATION/Specifications
Frequency Response: 30 cps to 15 kes, ±0.5 db.

NM-30A (AN-URM-47)
20 me to 400 me

2, 6 AND 10-POSITION 

turret attenuators
V/ITH SIMPLE 
"PULL-TURN-PUSH” OPERATION, 

SMALL AND RUGGED

STODDART
CO., I NC.

AND TERMINATIONS
resistive values from de to 3000 me.

MIL-I-26600* 
(USAFJ 4 
MIL-I-6181B

Not Req’d

Not Req’d

CLASS T 
•CATEGORY ’A’

CLASS T 
•CATEGORY ’A’

CLASS ’I’ 
•CATEGORY ’A’

*.

Not Req’d

C632 
(Prcqqsed)

C632 
(Propped)

C633 
iPrqposed)

CS3.3 
iPrqpcsesT

Sensitivity: 15 microvolts sensitivity at input Impedance of 100,000 ohms.
Input Impedance: 50, 600, 10,000 and 100,000 ohms.
The NM-40A may also be used as an ultra-sensitive AUDIO frequency WAVE ANALYZER.

STODDART RADIO INTERFERENCE
MEASURING EQUIPMENT

made with exclusive Stoddart Filmistors
ATTENUATOR PADS

MIL-I-16910A 
IShrps) 

Amend. =2

CLASS T

APPROVED
NotReq’d |

APPROVAL DATA CHART

STODDART 4 
MILITARY 

TYPE
NM-40A

(AN/URM-41)
NM-10A

(AK/URM6B1
NM-20B

(AN/PRM1A)
NM-30A

(AN/URM-47)
KM50A

(AN/URM17)

NM-20B (AN/PRM-1A) 
150 kc to 25 me 
GENERAL SPECIFICATIONS: 
Sensitivity: As a two-terminal 
voltmeter, either balanced or 
unbalanced, one mv to one 
jit. Electrostatic pick-up us

ing rod antenna, 2 Aiv/meter 
to 2 volts-per-meter. Electro
magnetic pick-up using shield
ed loop antenna: SMALL LOOP, 
10 to 30 pv/meter min. to 
10,000 to 30,000 pv/meter 
max.; LARGE LOOP, 2 to 6 pv/ 
meter min. to 20,000 to 60,000 
pv/meter max.
Image Rejection: Better than 
50 db.
I.F. Rejection: >45 db.
BFO is provided for C. W. 
reception.

ar.y conceivable combination 
1 female Type C and Type N 
Maximum length of 3" for any

•’Can be supplied with C.I.S.P.R. Recommended detector time constants.
S.A.E. (Society of Automotive Engineers)
A.S.A. (American Standards Association)
C.I.S.P.R (Comite International Special des Perturbations Radioelectriques)

(International Special Committee on Radio Interference)

All items immediately available from stock

fO
-

1/2-Watt: 50 ohms impedance, TNC or 
BNC connectors, de to 1000 me, VSWR 
less than 1.2.
1-Watt: 50 ohms impedance, de to 3000 
me or de to 7000 me, Type N or Type C 
connectors, male or female; VSWR less 
than 1.2, 70 ohm, Type N, male or 
female terminations available.

STODDART COAXIAL ATTENUATORS
fo?’ highly accurate and stable

COAXIAL TERMINATIONS
Small-stable-50 or 70 ohms

NM-50A (AN/URM-17)
375 me to 1OOO me
Sensitivity: Radiated pick-up using a 
calibrated, tuned dipole (without reflec
tor) 35 to 160 pv/meter, depending on 
frequency. Conducted pick-up via 50- 
ohm matched coaxial line, 2 to 5 mv. 
Impulse Bandwidth: Approximately 600 
kc over frequency range.
Image Rejection: Better than 40 db.
Spurious Response Rejection: Better 
than 40 db.
I.F. Rejection: >80 db.

NM-10A (AN/URM-6B)
14 kc to 250 kc
GENERAL SPECIFICATIONS:
Sensitivity: Electrostatic pickup using 
rod antennas, one microvolt-per-meter 
to 2 volts-per-meter. Electro-magnetic 
pickup using shielded loop antennas, 10 
microvolts-per-meter to 100 volts-per- 
meter. As a two-terminal voltmeter, 
either balanced or unbalanced, one 
microvolt to one volt.
Effective Random Noise Bandwidth: 
Varies from approximately 55 cps to 400 
cps over the frequency range. Calibra
tion charts give exact figures for each 
frequency.
Image Rejection: Better than 50 db.
I.F. Rejection: Greater than 60 db.
The equipment Is of sturdy drip-proof 
construction and may be operated for 
prolonged periods In driving rain or 
snow with no deleterious effects.

SELECTIVE OPERATION/Specifications
Sensitivity: For a one-to-one signal-to-noise ratio, the sensitivity of the NM-40A 
Is better than 0.15 microvolt from 1000 to 15,000 cps, 0.25 microvolt from 300 to 
1000 cps and 1.0 microvolt from 30 to 300 cps, when used as a selective two- 
terminal voltmeter with Its narrowest bandwidth and an input impedance of 
100,000 ohms.

covering a frequency range of 30 cps to 1000 me

Available In any 
of male and f 
connectors. L.------
attenuation value.
GENERAL SPECIFICATIONS:

1 VSWR: <1.2 to 3000 me for values from 
10 to 60 db; as value decreases below 10 
db, VSWR Increases to not over 1.5. 
Characteristic Impedance: 50 ohms. 
Attenuation Value: Any value from 0 db to 
60 db Including fractional values.
Accuracy: ±0.5 db; values above 50 db 
have rated accuracy of attenuation through 
1000 me only.
Power Rating: 1.0 watt sine wave.
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William Shockley explains a point dur
ing his appearance before PG EC in 

June E. P. Brandeis and M. E. Harrison, Ampcx 
Corporation, Redwood City, California.

BIOMEDICAL INSTRUMENTATION IN THE 
“DISCOVERER” SATELLITE (Part One)— 

ANIMAL EXPERIMENTS

Tuesday, September 29
2 P.M. to 4:30 P.M.

con- 
dis-

Stanley A. Hall, Lockheed Missiles and Space 
Division, Sunnyvale, California.

R. M. Adams, School of Aviation Medicine, Air 
University Command, United States Air Force, 
Brooks Air Force Base, Texas*

R. W. Sanders, Space Electronics Corporation, 
Glendale, California.

BIOMEDICAL INSTRUMENTATION IN THE 
"DISCOVERER” SATELLITE (Part Two) — 

INSTRUMENTATION DESIGN DETAILS 
AND DATA

TELEMETRY ADDITION TO THE AZUSA 
TRACKING SYSTEM

E. W. Bush, Convair-Astronautics, San Diego, 
California.

Chairman: F. J. Lehan
Space Electronics Corp., Glendale, Calif.

Max Palevsky, Donald Block and G. Slocomb, 
Packard Bell Computer Corporation, Los 
Angeles, California.

SPACE ELECTRONICS II 
INSTRUMENTATION

DIGITAL TO ANALOG CONVERSION FOR PCM 
TELEMETRY AND DIGITAL DATA 

TRANSMISSION SYSTEMS

SOME NEW TECHNIQUES IN AIRBORNE 
DATA ACQUISITION

MEETING REVIEW
Switching Sandwich

The PGEC was highly honored as well 
as pleased to have as speaker at its 
June meeting Dr. William Shockley, who 
presented a highly informative and en
tertaining discussion of the recently de
veloped four-layer diode and its possi
ble role in digital computers. As its 
inventor (and as a

SEPTEMBER 195$

The Azusa Tracking System is presently a prim
ary source of information for range safety at Cape 
Canaveral, Florida. All ballistic missiles being 
fired from that base are required to carry ar> 
Azusa Transponder aboard.

It has been established that certain advantages 
could be gained by adding a telemetry capo, 
bility to the Azusa system. Using the Azusa Trans, 
ponder as a telemetry transmitter eliminates Qr>

(Continued on page 26)

co-inventor of the 
transistor) Shockley is eminently well 
qualified to discuss both its theory and 
its potential applications.

The four-layer diode is a two-ter
minal solid-state "switch," which goes 
into its conducting or "on" state when 
the terminal voltage is raised to above 
a certain level. It remains in that state 
until the resulting current is reduced be
low a certain level, when it goes back 
into its non-conducting or "off" state. 
The "on" and "off" threshold levels can 
be controlled in the fabrication process, 
and units with widely different speci
fications are available.

Shockley first described briefly the 
theory of the diode junction and the 
principles of the four-layer diode. He 
then showed how the latter can be used 
as a circuit element in several basic 
computer building blocks, such as 
pulse generators, flip-flops, and pulse 
amplifiers. He demonstrated a working 
model of a compact ten-state ring coun
ter constructed of four-layer diodes, 
conventional diodes, resistors, and ca
pacitors, powered by a small battery.

Finally he discussed some of the ad
vantages of the four-layer diode over 
three-terminal transistors in switching 
applications, including a somewhat 
higher possible switching speed and 
lower cost.

As is well known, Shockley was one 
of the three recipients of the Nobel 
Prize in Physics in 1956 for his work 
on semiconductors and the discovery of 
the transistor effect. He is also the re
cipient of the Presidential Award for 
Merit in 1946 and the Morris Liebmann 
Award in 1952, and of honorary de
grees of Doctor of Science from the Uni- 

(Continued on page 26)

This paper contains a 
present status of airborne magnetic tape data 
acquisition systems. Each of the major modula
tion techniques presently in use is examined, with 
special emphasis on performance, including direct 
recording, frequency-modulation recording, pulse 
duration modulation recording, and digital-pulse 
code modulation recording. The functional opera
tion of each of the systems is presented, with an 
outline of the advantages and limitations of each 
of the techniques. Future trends ore analyzed with 
particular emphasis on pulse code modulation re
cording, including serial PCM using the Video
tape’ principle, combination analog and digital 
recording, and a universal recording system.

Construction practices are discussed, including 
modular subsystem and system elements os well 
os plug-in components for ease of system change 
and maintenance. Some recent developments in 
airborne recorder construction are presented. En
vironmental conditions which effect design 
siderotions of magnetic tape recorders are 
cussed.

second, also to an accuracy exceeding ~0.1%. 
Subsystem “C", used for high frequency vibra
tion and transient analysis, consists of on ano
log-type system capable of recording six channels 
of information, each having bandwidths of 10 kc, 
to on accuracy of ±:2%. Subsystem "D" consists 
of a tope-to-tope converter which is used for 
translating information collected on Subsystem 
"A” and "B" into on IBM 650 format. Subsys
tem "E" consists of o range time generator which 
supplies timing pulses to the entire PCM system 
and also to camera units used to photograph the 
engine performance.

This paper describes a digital telemetry system 
which possesses much greater communication ef

ficiency in terms of transmitted energy required 
per bit than conventional telemetry systems. The 
system is based on a set of orthogonal signals 
utilizing matched filter techniques. The approach 

results in an extremely simple digital telemeter 
of great flexibility. An experimental realization 
of the system is described with test results.

consultant to the Bioastro
nautics Directorate of the Air Force Ballistic Mis
siles Division, Air Research and Development 
Command, Inglewood, California.

A discussion is given of the general biomedical 
instrumentation and data return problems that are 
encountered in orbital recoverable vehicles con
taining animal payloads. Details are presented 
as to how these problems were resolved in the 
Discoverer Biosatellites and specific information 
is included concerning the parameters measured, 
types of sensors used, accuracy and conditions of 
measurement, and effectiveness of data return. 
Biomedical data received from Discover III and 
typical readouts expected from future biosatel
lites are included.
’Mr. Adams is a

The ARPA-USAF-LOCKHEED Biomedical program, 
which calls for recovering mice and monkeys from 
orbital space, is paving the way for future mon- 
in-spoce experiments.

In addition to providing guidance in the tech
nique of designing and building light-weight in
strumentation for biological measurement, the 
program is yielding much useful information on 
the principles of metabolic support equipment de
sign. Much is being learned, too, concerning cer
tain behavioral aspects of the experimental ani
mals themselves which may be applied to man- 
in-spoce programs.

The recovery requirement led to the develop
ment of recovery techniques applicable to manned 
space vehicles. Re-entry is accomplished by slow
ing the detached capsule by means of a retro
rocket. Suitable means ore employed to protect 
the capsule and the "life cell” against the heat 
of re-entry. When the capsule reaches the earth's 
atmosphere, the life cell and contents are low
ered by parachute. The system will be snatched 
out of the air by C-119 airplanes fitted with spe
cial pick-up gear.

The Biomedical Program is being supported by 
a complex of medical vans which brings a new 
and highly developed medical capability to the 
Air Force.

The transmission of data by PCM or other digit
al techniques requires that a conversion device 
be provided if analog representation is required 
at the receiver This analog is required in the 
PCM case for "quick look" facilities or to drive 
servo systems, if, for example, the data is part 
of a control system.

With a small number of variables, digital de
commutation is appropriate together with a digit
al to analog converter for each variable. As the 
number of variables increases cost and component 
count becomes prohibitively high, requiring on al
ternate approach. This employs a single digital 
to analog converter and an analog decommuta
tor. Some form of analog store is now required. 
The characteristics of such storage devices—their 
accuracy, frequency response and stability—ore 
discussed and a newly developed magnetic ana
log store is described.
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I

PDM SIGNAL SIMULATOR

All Electronic Commutation 
IRIG Commutation Rates 
Automatic Calibration 
Variable Channel Modulation 
Calibration Voltage Steps 
Adjustable Output Pulse Train 
Compact Self-Contained Package 
Rack or Cabinet Mounting

DECOMMUTATION STATION
90 channel PAM or PDM version with thirty 
channel readout and visual display, PAM 
commutator simulator, PDM signal simula
tor, and sweep generator for PDM line-dot 
display.

Output Linearity and Stability within 1/2%- 
Front Panel Operation and Maintenance. 
Optimum Stability Thru Integrated Design. 
Built-in Test and Calibration Equipment. 
Test Point Selector Switch.
Wave Forms Can Be Monitored During 

Operation.
Push-Pull or Single-Ended Input with 

Minimum Levels of 3 Volts, 
Peak-to-Peak.

Filtered, Forced Air Cooling.

From research — 
to design — 

to development— 
to manufacture,

Parsons specializes in...

LOS ANGELES 
HOUSTON 
NEW YORK 
WAS H IN G TO N

PAM COMMUTATOR SIMULATOR
For Checkout of Telemetering Equipment 
Parsons Electronic Commutator Simu
lator generates a PAM pulse train which 
simulates the output of a conventional 
commutated subcarrier discriminator.
This unit also provides a source of 
power and selectable modulation for an 
accessory plug-in subcarrier oscillator 
which permits simulation of the output 
of a conventional commutated subcar
rier oscillator.
Generates zero and full scale Calibra
tion values. Missing pulses can be 
switched into signal train. Meets IRIG 
Standards & USAF MIL Specifications.

For complete details and specifications call, wire, or write:

. o •!>
0

ELECTRON ICS DIVISION
151 South De Lacey Avenue, Pasadena, California 

SYcamore 5-7061 • RYan 1-0461

Up to 6 plug in ^0 £ J 
oscillator units are 

mounted on chassis. h.

DATA INSERTION CONVERTER
VERSA TiLE
YS separate frequencies are available. 
960 to 70,000 cps, by changing plug-in 
oscillators.
PRECISE—
Frequency stability exceptionally high 
through use of regulated power supplies.
COMPACT—
Completely self-contained in standard 
rack or cabinet mounting with less than 
9 inches of panel space.
Meets IRIG Standards and USAF MIL 
Specifications.
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Meets IRIG Telemetry Standards and USAF Mil specifications.
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For a specified spacial arrangement 
of transmitting and receiving ele
ments in a radiation field, including 
signal, noise and reverberation:

This application is one phase in the 
development of advanced detection 
systems for Anti-Submarine Warfare.

An MSEE degree in Physics or Mathe
matics with advanced training in in
formation theory or engineering sta
tistics and noise theory is desired. 
Experience should include:

1) Analysis and development of fil
tering techniques for extraction of 
coherent signals from noise.

2) Analysis and development of dig
ital techniques for receiving, stor
ing, analyzing, and comparing 
electrical signals and noise.

Please send complete resume to W. 
C. Walker, Engineering Employment 
Manager.

Speaker: Dr. Robert Jastrow, Chief of the Theoreti
cal Division, Goddard Space Flight Center, Na
tional Aeronautics and Space Administration.

BANQUET
Tuesday, September 29, 6:30 P.M.
Crystal Ballroom, Whitcomb Hotel

"PROBLEMS OF SPACE EXPLORATION"

wrao* o» mnoa *vuno« CMrocxnoH

(Continued on page 36)

1) Determine effectiveness of exist
ing receiving systems in extract
ing signal from background

2) Design and analyze the effective
ness of new and improved receiv
ing systems, using the most suit
able optimum filtering techniques

3) Investigate use of broad band 
and coded transmissions, in con
junction with special receiving 
systems, as a means for improv
ing signal detectability.

Where to Put the Postoffices?
One of our big problems in the next 

40 years will be getting used to the 
idea of expanded governmental activi
ties. This is the word from a leading 
economist, Professor Lorie Tarshis, ex
ecutive head of the economics depart
ment at Stanford, who spoke to the 
Annual Meeting of the San Francisco 
Section, substituting for the announced 
speaker, Eugene Burdick, who was pre
vented from appearing by an unan
nounced heart attack.

Giving a preview of the economy for 
the time of our grandchildren, Tarshis 
pointed out that the need to maintain 
consumption equivalent to our growing 
ability to produce would require ex
panded government spending. And, 
since there is a reasonable limit to the 
expansion of time-honored government 
activities such as post offices and high
ways, the need would have to be met 
by the assumption of new areas of ac
tivity.

«O"1“ "Oll’WOOD C»l'FO»Mia

MORE PGEC
versity of Pennsylvania in 1955 and 
Rutgers University in 1956.

After receiving the BS degree from 
the California Institute of Technology 
and the PhD degree in physics from the 
Massachusetts Institute of Technology, 
he joined the Bell Telephone Labora
tories, where he performed work on 
vacuum-tube and electron-multiplier de
sign, radar development, magnetism, 
solid-state physics, and semiconductors. 
He has recently become president of 
the Shockley Transistor Corporation, a 
subsidiary of Beckman Instruments, Inc.

Shockley anticipates many new and 
exciting developments in semiconduct
ors as the field is further exploited.

—Keith IP'. Henderson

>
OOP

I
Professor Lorie Tarshis, Stanford Uni
versity, at the June Section meeting

SESSION 7

TELEMETRY SYSTEMS AND TECHNIQUES

Wednesday, September 30 
10 A.M. to 12:30 P.M.

Chairman: H. B. Schultheis, Jr. 
Hewlett-Packard Company, Palo Alto
1. A HIGH CAPACITY PAM-FM-FM TELEMETER

ING SYSTEM FOR THE SATURN BOOSTER

O. B. King, Army Ballistic Missile Agency, 
Redstone Arsenal, Alabama.

The most severe problems in connection with 
telemetering the Saturn Booster have resulted from 
the magnitude of the missile system. As eight en
gines are employed in the Saturn first stage, a 
very large number of measurements are required 
and present telemetering systems have insufficient 
channel capacity. This paper describes a time divi
sion multiplexing system designed at ABMA for 

telemetering lower response engine measurements 
such as temperatures, pressures, and flow rotes 
which create the majority of channel requirements.

The input data is grouped in blocks of eight, 
the same measurement on each of the eight en- 

a synchronized submulti
plexer. A multiplexer having 27 data channels 
samples the outputs of the submultiplexer at the 
rate of 3600 PPS. Since each submuhiplexer has 
8 data inputs, a total of 216 channels may be 
accommodated by the system. The PAM signals 
are applied to the input of a wideband FM sub
carrier oscillator. Since the RF carrier is fully 
deviated by a single subcarrier of wide devia
tion, the wide band gain of the system is such 
that a two watt carrier is adequate for normal 

applications.

SS-FM: A FREQUENCY DIVISION TELEMETRY 
SYSTEM WITH HIGH DATA CAPACITY

W. O. Frost and O. B. King, Army Ballistic 
Missile Agency, Redstone Arsenal, Alabama.

A major shortcoming of presently available 
standard telemetering systems is low bandwidth 
capacity. For example, the total data bandwidth 
capability of a fully utilized FM/FM telemetry 
link operating at a sub-carrier modulation index 
of 5 is approximately 4 kc corresponding to a 
baseband utilization efficiency of less than 6%.

This paper describes the preliminary design of 
a telemetry system which can readily accommo
date the vibration, sound intensity, and other high 
response data that is needed for R&D flights of 

(Continued on page 28)
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electronics package and thereby reduces the over
all size, weight, complexity and power consump
tion of the telemetry system aboard the missile. 
The Azusa system operates at 5 kmc, thus avoid
ing the crowded spectrum in the telemetry band 
and taking advantage of lower galactic noise at 
the higher frequency. It also offers the addition
al advantage of reduced susceptability to inter
ference caused by ionization during re-entry.

This paper describes the modulation scheme for 
the telemetry addition, utilizing an FM-AM (sup
pressed carrier)—FM system. An analysis of sys
tem performance is also presented.

5. THE GOLDSTONE TRACKING STATION

Robertson Stevens, Jet Propulsion Laboratory, 
California Institute of Technology, Pasadena, 
California.

(Invited paper, no abstract available.)
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New Sierra Model 218 Monitor Oscilloscopes pro
vide, in the smallest possible package, a convenient 
and practical means for viewing and evaluating 
complex voltages. Up to seven oscilloscopes can 
be mounted side by side in a standard relay rack 
—units measure only 10^" high x 2^" wide (front 
panel). Thus seven circuits can be monitored 
simultaneously.
Designed primarily for tape recording and data 
handling systems, the Monitor Oscilloscopes are 
particularly suited for measuring and analyzing 
mechanical quantities through a transducer. Such 
quantities include stress, strain and vibration, 
pressure, displacement and acceleration.
Unusual design features include printed circuitry, 
broad bandwidth, smooth high frequency rolloff 
without overshoot and minimum heating (only 20 
watts dissipation per scope unit, including fila
ments!) Request bulletin and demonstration.

COARSE SWEEP

F— OSCILLOSCOP

O
VERT

218A-S-*

o
FOCUS

' erra Electronic'^-?. Menlo Park, Coiif

SIERRA ELECTRONIC CORPORATION
A Subsidiary of Philco Corporation

5444A Bohannon Drive • DAvenport 6-2060 • Menlo Park, California. U.S.A.
Sales representatives in all major cities

Canada: Atlas Instrument Corporation. Ltd.. Toronto, Montreal. Vancouver. Winnipeg 
Export: Frazar & Hansen, Ltd.. San Francisco,

sierra
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A PULSE POSITION TELEMETRY SYSTEM

Lloyd Weisman and Erwin S. Teltscher, Ford 
Instrument Company, Long Island City, New 
York.
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A miniaturized pulse position telemetry system 
consisting of nine data channels and one refer
ence and synch ionizing channel is described. The 
system can be made to operate over o wide range 
of P.R.F.'s within limits prescribed by the beam 
switching tubes utilized in the equipment. An 
airborne radar beacon transponder telemeters 
pulse position modulated signals to the ground 
The ground telemetry units have been highly 
miniaturized, consisting of a decommutator and 
separate demodulator channels. The demodulators 
hove been transistorized, using a novel compact 
pulse position demodulator. The introduction of 
a quasi-feedback type link between the airborne 
transmitter and the ground equipment demodula
tor ensures highly stable and accurate operation 
during flight.

Reference is mode to a paper by J. W. Poliseo, 
contained in the National Telemetering Confer
ence, Chicago, 1955, and to a paper by the au
thors of the present article, contained in the I.R.E. 
National Convention Record, Part 5, March 1958, 
which gives many of the preliminary design fea
tures of the equipment to be described.

ENCAPSULATED
RADIO FREQUENCY CHOKES

The following series of R.F. chokes range in value 
from 0.1 uh to 50 mh. Basically identical to our 
standard series of axial lead R.F. chokes bearing 
the equivalent number, these coils are encapsulated 
in epoxy resin and conform to MIL-C-153O5A.

(Continued on page 34)

large ballistic missiles and space vehicle boosters. 
The system basically consists of single-sideband 
AM sub-carriers on an FM carrier, making the 
letter designation SS-FM appropriate.

An analytical comparison with FM-FM is made 
of the S/N performance of a 15 channel SS-FM 
system. Particular emphasis is also placed on 
problems concerning the filters, modulators, and 
oscillators of the channeling and frequency syn
thesizer portions.

You get the accuracy that results from perfect parallelism between 
slot and waveguide axis... between probe travel and waveguide 
axis. You get precise indication of the probe position during travel. 
Residual VSWR in the waveguide is minimized by one-piece con
struction that provides a uniform path for measured waves.
Time-saving. It takes only 30 seconds to equip a D-B slotted line to 
measure adjacent frequency bands. Only two sizes of carriage 
units, plus different-size waveguide blocks and probes, cover all 
frequencies from 5.8 KMC to 140 KMC. Your budget goes farther 
with D-B units. Write for complete data.

SOME METHODS OF OBTAINING MORE 
VIBRATION DATA ON FEWER TELEMETRY 

CHANNELS

W. D. Hancock, Endcvco Corporation, Pasa
dena, California.

Approximately 95% of today's telemetered data 
is contained in 5% of the bandwidth utilized and 
5% of the data consumes approximately 95% 
of the bondwidth (channels). Vibration data is 
part of this 5% — and on top of this at least 
50% of the available information is thrown away 
since it is never transmitted — it is filtered out 
of the VCO or SCO.

Current piezoelectric (crystal) accelerometer’s 
and their associated electronics are capable cl 
measurements from 2 cps to well above 10 kc — 
yet the usual spectrum telemetered stops ot 2 
kc Hardly ever is vibration above 2 kc trans
mitted.

Recently, with the advent of higher speed ve
hicles, solid fueled engines, high acoustic noise 
and greater sophistication there has been on in
creasing awareness of the usefulness of high fre
quency vibration information. (For purposes of 
this paper frequencies above 2 kc are consid
ered to be high.)

One of the known methods for compressing 
this high frequency data is by means of rectifi
cation or averaging, however, there are several 
forms of information which cannot be simply aver
aged or rectified such as peak amplitude, reson
ance points and frequency distribution.

Presented by diagrams, slides and discussion 
ore several methods of compressing the informa
tion and maintaining a high degree of integrity. 
These methods are based on time sharing and 
programming the transmission of full frequency 
peak amplitude, averaged and/or spectral denj 
ity (g’-J/cps) information. It is believed that cne 
of these methods or approaches is adaptable tc 
a variety of existing requirements and that the^ 
maintain the usefulness of the data gathered.

4590-E 
4592-E 
4594-E 
4602-E 
4604-E 
4606-E 
4608-E 

Inductance 4609-E 
±5% -----------

0.1 uh. 
0.15 uh. 
0.22 uh. 
0.33 uh. 
0.47 uh.

Send for the MILLER industrial catalog
It lists over 1300 chokes, filters, transformers and coils, available for 
immediate delivery. Includes 260 new coil items —many conforming to



model illustrated has a minimum isolation between

channels of 20db and a maximum insertion loss of

l.Sdb). Ranteo multiplexers, as utilized in Martin’s

Titan, are another example of Rantec’s adaptation of

highly-sophisticated R&D to the design and manufac

ture of reliable, state of the art hardware. Technical

data and reprints are available upon request.
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Telonic 
Industries, 

Inc.

Data 
Instruments 

Div. of 
Telecomputing 

Corp.

Huggins 
Laboratories 

Inc.

Sierra 
Electronic 

Corp.

Electro-Pulse, 
Inc.

In flight, The Martin Company’s highly reliable Titan 

transmits an immense amount of telemetry data. Yet,

calabasas, California
Visit Rantec booth number 806 at National Telemetering Symposium, September 28-30, San Francisco

General 
Communication 

Co.

T. LOUIS SNITZERCO.
ELECTRONIC ENGINEERING REPRESENTATIVES 
ARIZONA • CALIFORNIA • NEVADA 
5354 W. Pico Blvd., Los Angeles 19, WE 8-2073 
510 S. Mathilda Ave., Sunnyvale, Calif., RE 6-6733 
7814 Ivanhoe Avenue, La Jolla. Calif., GL 4-2191

corporation

Whether it’s via phone or in person, 
our application engineers take pride 
in being prompt and thorough. For 
details about equipment and compo
nents manufactured by the com
panies listed above, please call any of 
our three offices.

Polarad 
Electronics 

Corp.

Kelthley 
Instruments, 

Inc.

Behlman 
t”8|neering 

Company

./fanklln 
E|ectronics, 

Inc,

with Rantec multiplexers, it avoids the weight and 

space problems of a complex antenna system. It is 

now easily possible to couple two, three, four or six 

telemetry signals of slightly different frequencies to 

one antenna system. This is done with minimum in

sertion loss and maximum isolation (the six channel

One day we’ll 
be able to show 
you the 
equipment you 
may require 
for your 
engineering 
program on a 
brand new 
video phone. 
Until then the 
audio service 
we’ve developed 
will resolve 
many of your 
problems by 
giving you the 
information you 
need-quickly,^ 
concisely J|
and fl
completely, fl



ENGINEERS
in TELEMETRY
NEMS-CLARKE WORLD'S

wants
FOREMOST

DESIGNERS and

MANUFACTURERS

OFI

SPECIAL
PURPOSE

RECEIVERS

NEM CO.

i.

ENGINEERS

2.

Send resume to—

CLARY CORPORATION
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• If you prefer—send resume to: 
Personnel Director. Nems-Clarke Co.. 
Silver Spring. Maryland

• VISIT OUR BOOTH No. 101 AT THE 

NATIONAL SYMPOSIUM ON TELEMETRY

-------------  A DIVISION DEXTRO CORPORATION OF AMERICA --------------

919 JESUP-BLAIR DRIVE • SILVER SPRING, MARYLAND

SAN GABRIEL, CALIF.
CU 3-2724

408 JUNIPERO 
AT 7-6111

MORE PROGRAM
EXTREME ENVIRONMENT TELEMETER

LUNCHEON
Wednesday, September 30, 12:45 P.M. 

Crystal Ballroom, Whitcomb Hotel

in the group, with 
pulses in a group.

SESSION 8 
GROUND STATION EQUIPMENT 

Wednesday, September 30 
2 P.M. to 4:30 P.M.

Chairman: Charles H. Doersam, Jr. 
Sperry Gyroscope Co., Great Neck, N. Y.

COMPUTER ENGINEERS
Must have ME or EE degree. Experience desirable but not essential.

SALES ENGINEER
Technical selling of data processing equipment. Familiar with government 
contracts. Degree desirable.

J. J. Weippert, J. S. Piontkowski and M. J. 
Huskey, Tele-Dynamics Inc., Philadelphia, Pa.

This paper discusses the problems associated 
with the design of a new airborne PDM/FM/PM 
telemetering transmitting system for reliable op
eration under unusually severe environmental con
ditions encountered in the wing of the Bomarc 
interceptor missile.

The system is designated the C-4 telemeter, the 
latest telemetry system in the series for the Boe
ing Airplane Company, Bomarc Interceptor Mis
sile. Because of the airframe restrictions, the sys
tem was housed in two separate packages, mount
ed in either wing. The RF equipment, sub-carrier 
oscillators, wide-band amplifier and the high volt
age power supply were located in one package. 
The other contained the PDM commutator and 
keyer, signal conditioning equipment and low 
voltage power supply.

Except for the RF equipment, the system is 
completely transistorized, utilizing silicon transis
tors for high temperature operation and extreme 
vibration environments.

ELECTRO-MECHANICAL
Experience in magnet and solenoid design. BS degree desirable.

ELECTRONIC ENGINEER
Minimum 5 years experience in design of digital circuitry using tubes and 
transistors. Project level. Degree not necessary.

Opportunities with nationally known business machines company now well 
established in the electronics industry.

Smafl company opportunities with large company benefits.
Located in a beautiful suburban area with plenty of close free parking.

w

&

&
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DESIGN ENGINEERS
Minimum 5 years experience in design of small electro-mechanical devices 
such as printers, input and output, punch tape equipment, etc.

A SOLID STATE DECOMMUTATOR

J. H. Porter, Consultant with RCA, Missile and | 
Surface Radar Dept., West Los Angeles, Calif.

Techniques are described for producing a linear I 
analog DC voltage proportional to the amplitude I 

or width of any selected pulse in a pulse group. 
Solid state circuitry is used throughout to provide 
a maximum of reliability and minimum of volume 
ond power requirements. Heart of the device is 
a serial to parallel shift register using ferrite 
switching cores and transistors to generate dis
crete gating signals corresponding to the pulses 

os many stages as there are 
The basic design aim is to 

provide automatic operation by elimination of 
panel controls for operation over the complete E 
IRlG pulse rate range. A typical 88 channel sys- J 

tern for either PAM or PDM modes, is packaged 
with power supply to extend but 13" behind the 
5’A x 19" front panel, is capable of producing 
simultaneous DC outputs from all channels, weighs 
less than 75 pounds and consumes approximate
ly 50 wafts.

AN ADVANCED DECOMMUTATOR SYSTEM

Lyman H. Beman, Telecomputing Corporation, 
Data Instrument Division, Los Angeles, Calif.

A new decommutation station designed to im
prove reliability ond accuracy of PDM and PAM 
telemetry is described. The paper outlines some 
problem areas in this field and illustrates how 
these problems were solved in this decommutator. 
Details are given of the system's unusual accur
acy, operating simplicity and synchronization 
ability. Precision analogue computer techniques 
and careful system engineering are shown to pro
duce high accuracy. Details are given of how 
operating simplicity is achieved by the use of 
continuously self-adjusting electronic circuitry. 
Methods of preserving synchronization ability 
through noise, signal dropout, and missing data 
pulses are outlined, and photographic records of 
ability to tolerate wide variations in commutator 
speed ore shown.

(Continued on

Design Engineers with 

experience in the field of communications . . . 

engineers who want the responsibility of carrying 

a project from conception through development to 

finished product. We offer challenging opportunities, 

room for growth and above average salaries.

• OR CONTACT - 

MR.GRIMM OR MR. REDDING 
AT THE ST. FRANCIS HOTEL
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AVAILABLE IMMEDIATELY
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MODEL

BRIDGES and ACCESSORIES • DECADE 

VOLTAGE DIVIDERS • DECADE RESISTORS 

and CAPACITORS

at no cost 
to you!

NEW Belleville-Hexem
WIDE RANGE AMMETER

USE OUR
SPECIAL

Telephone Service

ELECTRO-MEASUREMENTS, INC. 
7524 S. W. MACADAM « PORTLAND 19, OREGON

NEW TOOL 
FOR THE 

DESIGN 
ENGINEER
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COLVIN
LABORATORIES,INC.
364 Glenwood Avenue. East Oranp.e N J.

In Son Francisco, San Mateo, Palo Alto, 
Sacramento and all East Bay Exchange cities 

ask for ENTERPRISE 1-3031 

(No Long Distance Charges) 

If we are not listed in your exchange 
Call Portland, Oregon collect 

CHERRY 6-3331

ESI hat outitanding job opportunities for experienced design, 
circuit, electro-mech. and applications engineers. Call or write C. Davis.

NEW MINIATURE 
PRESSURE 
TRANSDUCER BY COLVIN

■ Only one inch square - one inch long
■ Withstands high vibration

35 G to 5000 CPS 0-3 to 0-400 psi 
400 to 10,000 ohms

for complete specifications ... or use our new telephone service 
to discuss your application with one of our engineers.

if)

Voltage drop for scale ranges 300 /xa up 
through 300 ma is 100 mv. For scale ranges 
1 /x/io up through 100 /xa, optionally the volt
age drop con be approximately 100 /xv across 
the input terminal with current shunt feedback 
or 1 volt without current feedback.

SPECIFICATIONS
RANGES

24 steps, ± 1 /x/xa through ± 300 i 
full scale

ACCURACY
±1% from 1 m/xa through 300 ma;
±2% from 1 /x/xa through 300 /x/xa

DRIFT
3 mv during first hour after 5 minute warm
up; 1 mv per hour after 1 hour's operation 
and substantially less than 1 mv per hour 
for extended operation

DIMENSIONS 13"W x 8%"D x 7’/2"H—17 lbs.

BATTERY LIFE 1500 hours
PRICE (fob factory) 120—$745.00

120R—<7" Rack Mounting)—$745.00

Call . . .
WILLIAM THEISNER & CO.
REgent 9-6460 Sunnyvale

A BREAK-THROUGH IN 1. Control system design. 
2. Network synthesis. 3. Transient and frequency analysis. 
An ingenious computer using powerful Laplace transform methods to 
simplify complex dynamic system problems. System performance can 
be quickly and graphically demonstrated by plotting its characteristic 
equation on the ESIAC. The ease and speed with which the ESIAC 
determines and plots these quantities makes possible rapid analysis and 
synthesis of system parameters and ready comparison of various pro
posed system changes. send for descriptive literature
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(Invited paper, no abstract available.)
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—George Spelvin

MORE PROGRAM
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2.

HUGH GRAY COMPANY
ELECTRONIC MANUFACTURERS' REPRESENTATIVES
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POWER RESISTOR

WRITE OR PHONE FOR DESCRIPTIVE 
LITERATURE

2166 MARKET STREET 
SAN FRANCISCO, CALIF. 
PHONE Klondike 2-1777

• Nickel-plated metal sheathing to 
prevent damage during clip 
assembly.

• 100% increase in power rating 
when clip is mounted in full 
heat-sink panel.

the SAGE
Type “CS"
offers:

CROSSTALK IN TIME SHARED SYSTEMS AS 
AFFECTED BY DISCRIMINATOR 

CHARACTERISTICS

William H. Swain, Electro-Mechanical Research, 
Inc., Sarasota, Florida.

R. A. Runyan, Data-Control Systems, Inc., 
Danbury, Connecticut.

TRANSISTORIZED SUBCARRIER OSCILLATOR 
PRINCIPLES

A DECOMMUTATION SYSTEM FOR FM/FM 
TELEMETRY

. . in construction 
and performance

,oC.

TYPE 
"CS"

FACTORS AFFECTING CHOICE OF LOOP 
FILTERS IN PHASE-LOCKED LOOP 

DISCRIMINATORS

PACIFIC MISSILE RANGE TELEMETRY 
FACILITIES

TELEMETRY COMPONENTS AND 
TECHNIQUES

Wednesday, September 30
2 P.M. to 4:30 P.M.

Chairman - Daniel Hoch nt an 
Lockheed Missiles and Space Division, 
Palo Alto, Calif.

1) Operates
ence) signal.
100 per cent duty.

2) Accommodates commutator speeds from be
low 60 to over 600 points per second without re
sorting to plug-in devices.

3) Accommodate 30, 45 or 60 point commuta
tors readily.

4) Automatic synchronization when signal first 
appears and sustained synchronization when com
mutator speed changes occur.

5) Accommodation of commutator 
changes of 2:30 per cent during a run.

6) Loss of frame synchronization for several 
frames does not affect operation of the system.

7) Simple, fool-proof method of comparing data 
channels to calibration channels, permitting data 
reduction personnel to correct for zero drifts and 
sensitivity changes of their discretion.

tern utilizing the information from previous chan
nels to provide a first order cancellation of the 
filter transient effects is discussed.

The use of phase-locked loop discriminators in 
FM/FM ground stations requires that the user - 
choose the loop filter to be used in addition to I 

the band-pass and output filters which represent „ 
the only elements of choice when pulse-overaging I 

discriminators are used. The margin of super!- | 
ority to be expected of a phase-locked loop de- I 
pends upon this choice with the improvement to 1 
be expected increasing as the loop filter pass- I 
band is reduced. However, the use of too narrow I 
a filter will cause the unit to lose lock. The I 
considerations that enter into this choice are de I 

scribed.

Desirable characteristics of FM subcarrier os- - 
cillotors include precise linearity, freedom from L 
impedance and current effects on the input in- I 
formation source, freedom from delay distortion B 

in the output circuits, freedom from spurious out
puts, and high efficiency of power conversion.

(Continued on page 38)

MORE POSTOFFICES (from page 26)

Charles Susskind, the inimitable, 
served as toastmaster. Since he knows 
(or makes it his business to discover) 
various bits of arcane data concerning 
those he is called upon to introduce, 
the audience was brought into an eerie 
sort of rapport with the luminaries on 
display. These included, naturally, the 
outgoing chairman, Earl Goddard, and 
the incoming chairman, Vic Corey, both 
of whom made suitable backward- and 
forward-looking remarks.

Edgar Post, chairman of the tellers' 
committee, presented the newly elected 
slate of officers whose identities, PhD's 
all, are revealed elsewhere in this is
sue. Fellow awards were made to Sey
mour Cohn and Otto J. M. Smith in 
person, to John T. Bolljahn, William R. 
Rambo, David H. Sloan, H. Myrl Stearns, 
and Stanley E. Webber in absentia, and 
to Mrs. Lippincott for Donald K., post
humously.

Outstanding student awards were 
made to Charles Finila, University of 
California, James H. Kerins, University 
of Santa Clara,- Gary Walter Deley, 
Stanford University; Maurice Lee Mc
Grath, San Jose State; and Lt. John K. 
Pegues, U.S. Naval Postgraduate School, 
the latter three in absentia.

Now, back to economics. By 2000 AD, 
according to Tarshis, our economy, at 
present the world's largest, will be three 
times its present size—or $1.6 trillion 
of annual product. Our population will 
be 60 per cent larger and the earnings 
per average family head will be twice 
as large, in real dollars, as it is now. 
Inflation, however, which is a built-in 
part of our system, will have caused 
the national product to show up on the 
books as $3 to $4 trillion.

Other adjustments our grandchildren, 
if not ourselves, will have to face, in
clude the likelihood that Russia will 
have an economy twice as large as ours 
by that time. China will rank second 
(with a population five times ours), and 
India, probably, third. We'll come in 
just out of the money but with twice 
as much to spend, if that isn't too con
fusing a thought.

O. J. Ott, Data-Control Systems, Inc., Dan

bury, Connecticut.

The transient characteristics of a subcarrier dis
criminator ore analyzed to determine the amount 
of crosstalk to be expected in PAM-FM-FM and 
PDM-FM-FM commutated systems for various band 
Cut-off frequencies and commutated sample rates. 
Various methods of decommutation are consid
ered to determine which technique provides the 
best overall accuracy in reduced data and a sys-

W. Kroll, Lockheed Missiles and Space Divi
sion, Sunnyvalo, California.

This paper describes a system developed at the 
Lockheed Missiles and Space Division for demulti
plexing commutated FM/FM telemetering signals. 
Significant features of the system to be described 
are listed as follows:

on a non-return to zero (or refer- 
This is sometimes referred to as

Beniamin O Hicks, Chief, Telemetry Systems 
Engineering Branch, Pacific Missile Range, 
Point Mugu, California.
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From the AMCI Catalogue

TYPE 1038

$50.00 REWARD
for

RETURN OF MISSING
° Very broad band

LEI, INC. MODEL MMX-2 Max. SWR

Serial No. 3565

Packaged X-Band Mixer

from

Instrument Display

Hilton Inn — Room 126

South San Francisco

NO QUESTIONS ASKED
ANTENNA SYSTEMS — COMPONENTS — AIR NAVIGATION AIDS — INSTRUMENTS

AMCI

Represented by: Instruments For Measurements • 251 S. Murphy • Sunnyvale
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AUTOMATIC IMPEDANCE PLOTTERS

LINESSLOTTED

COAXIAL SWITCHES

INSTRUMENT LOADS

HYBRIDS

PRODUCTSOTHER

illumitronic
Sunnyvale

IF Preamplifier Assembly 

disappeared Aug. 20 or 21st

TYPE 1026-4

TYPE 1104

TYPE 1108B

TAPERED REDUCERS 
LINE STRETCHERS 
DIPLEXING FILTERS 
VOR ANTENNAS

1108B 
2120 
1112 
1110

Box 55 — GRID 
1050 Lincoln Avenue 
Palo Alto, California

TV BROADCASTING ANTENNAS — 
directional and omnidirectional

ADJUSTABLE MATCHING NETWORKS 
IMPEDANCE STANDARD LINES

electronic
plastics

Frequency Range (me) 
60-120 120-240 

240-480 _____ 480-960______ 
960-1600 1600-2400 2400-3600 
60-120 120-240 240-480_____ 480-960______ 

800-960 975-1175
TV Channels 2-13

• Very low residual unbalance
Residual 

Unbalance (db) 
-50 
-50 
-50 
-50___
-40 
-40
-34________
-55
-55 
-55
-55________
-50
-50 
-50

1
1
11IL

• Continuous impedance display with frequency
• Available in portable and rack-mounted units

Type Frequency Range (me) Line Size
12 2.5-250 Type N
11-Q 30-400 Type N
11-PS 180-1100 Type N

Type
1027-K 1027-L 1027-M 1027-N 
1098 1102 1104
1100-K 1100-L 1100-M 1100-N 
1099-N 1099-0 1024

• Residual swr under 1.010
• Rated error in detected signal under 1.005
° Available with a wide variety of tapered reducers

Frequency Range (me) Impedance (ohms)
50-3000 50 or 75
75-3000 50 or 75

100-3000 50 or 75
150-3000 50 or 75
300-3000 50 or 75

Type 
1026-13 1026-8 
1026-6 1026-4 
1026-2

Type 
1038 1136

° High stability; very low swr 
° Nearly all transmission line sizes

Type Frequency Range (me) Line Size 
0-1100 Type N
0-1000 7a"
0-1000 l5/a"
0 650_________________ 3*/a~

Manufacturing Company
299 ATLANTIC AVE., BOSTON, MASS.

• High power ratings; swr under 1.06
° Pressurized 
° Motor-driven and manually operated models

Frequency Range (me) Line Size
0-450 6 >/8 "

_________ 0-500_________________________ 3'/8" 
Very high peak power models for radar applications 

1038-HV__________________0450_________________________ 6>/8"
113 6- H V 0-500 3 7a"

Max SWR
1.02
1.03
1.03
1.03

J

The most complete source of plastics 
for electronic and industrial uses is 
now available from Illumitronic 
Engineering.

Materials: polystyrene, acrylic, poly
ethylene, phenolic,Teflon, and Kel-F. 
Shapes: rods, sheets, and tubing,- 
also Spiral Wrap and Spiral Cover. 
Sizes: Each material in a wide range 
of sizes.
We specialize in small quantities. 
Write for complete brochure.

engineering
California
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TRANSISTORS
GERMANiUM-SILICON

SEMICONDUCTOR
DIODES

GERMANIUM-SILICON

SILICON
RECTIFIERS

TUBES

(END)

GRID RETURNS
and ask for

Letters to the Editor
Sunnyvale

Dept. G-9 CApitol 6-4000
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R. Pasos and G. Heninger, Philco Corporation, 
Palo Alto, California.

A TUNABLE AIRBORNE VHF TRANSMITTER OF 
HIGH STABILITY FOR WIDE DEVIATION FM 

WITH LOW DISTORTION

A NEW TELEMETRY TRANSMITTER USING A 
VOLTAGE TUNED MAGNETRON FOR 

SPACE ENVIRONMENT

C. L. Jensen, Philco Corporation, Philadelphia, 
Pennsylvania.

W. H. Swain and S. Fisher, Electro-Mechanical 
Research, Inc., Sarasota, Florida.

‘Many types available to military 
specifications for Reliable Tubes

5236 Santa Monica Blvd. 
Los Angeles 29

> <
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HEW
i | Kiuta-Sweep

300

Mega-Sweep 
Jli-A

Vari-Sweep
MODEL IF

RAYTHEON ?
COMPANY

NOrmandy 5-4221
D. R. YODER, Mgr.
F. L. BOLTE
D. W. GRODSKE
R. O. KIMMEL
E. T. MALONEY 
R. V. McCADAM

I

NEW
| Vari-Sweep
i MODEL 400

SUBMINIATURE* 
.Filamentary 

Heater Cathode 

MINIATURE* 
VOLTAGE REFERENCE* 

VOLTAGE REGULATOR* 
RADIATION MEASURING 

PENCIL 
RECEIVING 

PICTURE 
RECTIFIER 

MICROWAVE and POWER

>
S

■

p

KAY
Precision Electronic 
INSTRUMENTS

j ®
1 •

■

calla 
<

Dear Sir:
I wish to lodge 

recent meeting of a 
Group, the announced time for the

(Continued on page 40)

a complaint. At a 
certain Professional

Calibrated random noise source for meas
urement of noise figure and receiver gain 
and for the indirect calibration of standard 
signal sources. Frequency Range: 10-3,000 
me, output impedance 50 ohms unbalanced 
into type N connector. Noise Figure Range: 
0-20 db. Meter Calibration: Logarithmic in 
db noise figure; linear in de ma.... $790.00

A Vari-Sweep with Markers — a complete 
alignment instrument 4-120 me in six 
overlapping bands. RF Output: 1.0 V rms 
into 70 ohms, held constant by fast acting 
AGC. Continuously variable pip marker 2- 
135 me; up to 11 pulse markers set at cus
tomer’s specs. Continuously variable sweep 
width from kc to as much as 40 me. Direct 
reading individually calibrated frequency 
dial. Fundamental frequency, 4 120 me. 
Complete with 11 crystal markers..$985.00

Fundamental frequency sweeping oscillator 
providing sweep radar IF’s between 1 and 
260 me center In 12 wide-band ranges set 
to your order. Up to 30 crystal-controlled 
marks completely isolated from circuit un
der test also set to order. RF output 0.5 V 
rms into nom 70 or 50 ohms (higher for 
lower frequency units) AGC’d constant to 
within z±0 5 db over widest sweep. True 
zero base line produced on ’scope during 
retrace time ....................................... $795.00

Microwave power may be generated at the 2 
KMC region with a cavity oscillator using a 
planar power triode in a grid-isolation circuit.

Such a transmitter has been developed which 
uses crystal diodes coupled into the cathode cav
ity to obtain a variable reactance for frequency 
modulation.

The theory of operation is presented, treating 
in turn the following: r-f generator, modulator, 
automatic frequency control, and the power sup
ply.

High output all-electronic broadband sweep
ing oscillator. Fundamental frequency. Con
tinuous, 15-470 me, in 10 overlapping 
bands, sweep widths to 30 me. Direct read
ing dial. Output 1.0 V rms into 70 or 50 
ohms to 220 me, 0.5 V to 470 me, AGC’d 
flat to —0.5 db over widest sweep through 
range..................................................... $795.00

Beat frequency oscillator providing sweeps 
continuously variable from 50 kc to 40 
me wide in two bands, 10-500 me and 
400-900 me. Sweep rate variable around 
60 cps with line ‘lock-in’; RF output from 
0.07 to 0.15 V rms into nom 70 ohms, 
blanked for true zero reference. Calibrated 
dial shows center frequency. Negligible 
leakage; low harmonic distortion....$595.00

Stable frequency control of a VHF telemetering 
transmitter has been achieved through the use of 
a quartz dielectric resonator (rather than the con
ventional pieze electric crystal) operating at the 
transmitter output frequency. The technique pro
vides a tunable oscillator of high stability, cap
able of low-distortion frequency modulation from 
D.C. to megacycle rates, and allows design of 
transmitters without frequency multipliers, free 

", from spurious radiations. The quartz dielectric 
provides several mechanical advantages over air 
dielectric resonators.

WRITE FOR KAY CATALOG 
All prices f.o.b. Pine Brook, N. J.

KAY 
ELECTRIC 

COMPANY
Maple Ave. Pine Brook, N. J.

The principles of several transistor voltage-con
trolled, potentiometer-controlled, and strain gage 
oscillators achieving these characteristics are de
scribed. One of the VCO circuits uses an accu
rate four-quadrant analogue multiplier as a mod
ulating element.

To use the voltage-tuned magnetron in a nar
row band telemetry application posed many seri
ous problems, since the tube was originally de
signed as a wide-band oscillator with FM devia
tion sensitivity in the order of IMc/volt. When 
tight frequency stability is coupled to operation 
in a space environment, the design problems as
sume major significance.

To meet the rigid specifications it was neces
sary to invent and develop a new technique for 
automatic frequency control. This method involves 
using a crystal oscillator output as a reference 
against the multiplied crystal frequency's mixed 
signal with the magnetron output frequency. The 
frequencies from crystal and mixer are switched, 
amplified, detected, amplified and finally syn
chronously detected to provide correction to a 
saturable reactor regulator. Using this technique 
the voltage tunable magnetron, a wide-band de
vice, can be used in a narrow band application 
with excellent frequency stability.

3. A REACTANCE-MODULATED FM TRANSMITTER 
FOR SPACE COMMUNICATIONS OR 

TELEMETRY



^|icrowave receivers and display equipment

Electronically scanned signal generators

J^ttract E.E.'s and Physicists

i[Jy the droves

Jhouldn't you investigate ? ? ?
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943 INDUSTRIAL AVENUE 
PALO ALTO, CALIFORNIA 
PHONE DAvenport 6-9500

Circuit Design applied to 
Fire Control Systems 
Data Handling Systems 
Radar Tracking Systems 
Radar Receivers 
Missile CCM and Fuzing 
Tube Engineers 
Missile Navigational Systems

Systems Analysis
Radome Design
Test Equipment Design
Microwave Antenna and Component Design
Systems Testing
Weapons System Analysis
Design Engineering of Missile Components

jTjOw noise amplifier studies

SCIENTISTS • ENGINEERS
in

(Employer pays interview, moving and agency costs)

SUBMIT RESUME IN CONFIDENCE TO R. A. YOUNG

PROFESSIONAL & TECHNICAL RECRUITING ASSOCIATES
(A DIVISION OF THE PERMANENT EMPLOYMENT AGENCY)

825 SAN ANTONIO o PALO ALTO, CALIF. o DAvenport 6-0744

(among others 
of course)

to <m-



Positions now open:

ELECTION NEWS

Palo Alto

Computer Operation

AERONUTRONIC

Dunbar, move over, will you?—EdDonald O. Pederson, chairman, EBSS
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Newport Beach 
Santa Ana • Maywood, Calif.

Systems Engineer

Magnetic Memory
Engineers

Communications
Engineers

Digital Computer
Programmers

Transistorized Circuit 
Engineers

Logical Designers

Circuit Engineers

Mechanical Engineers

Optical Engineers

Alexander J. Stripeika, University of 
California Lawrence Radiation Labora-

(Continued on page 42)

legi-
not

a Division of

Ford Motor Company

Look into these ground floor 
opportunities in research and 
development work that is 
challenging and exceptionally 
rewarding to qualified men.

East Bay Subsection
Donald O. Pederson, University of 

California, chairman. Since 1955, Peder
son has been associate professor of 
electrical engineering Previously, he 
was a member of the technical staff of 
Bell Telehone Laboratories at Murray 
Hill and a research associate in the elec
tronic research laboratory at Stanford 
University

He holds a BS from North Dakota 
Agricultural College, and an MS and 
PhD from Stanford. Memberships in
clude Sigma Xi and Eta Kappa Nu

Russell Varian, who, working with 
his brother Sigurd, founded Varian 
Associates and altered the face of 
the Peninsula, the electronic industry, 
and national defense, will not be 
with us any longer. He died of a 
heart attack on July 28 while vaca
tioning in Alaska.

He will not be with us, that is, ex
cept everywhere that a klystron is 
used or thought about. Also, widely, 
in the hearts of those who considered 
it their privilege at one time or an
other to be associated in his great 
endeavors.

MORE LETTERS
meeting was 8:00 P.M. The acting chair
man, speakers, and some twenty addi
tional members arrived at the meeting 
place at 8:35 P.M. At least forty people 
had been waiting for 35 minutes for 
the meeting to get started. But, of 
course, one should not start the meet
ing without chairman and/or speakers.

Well, it turned out that the chairman 
was out of town anyway. The vice 
chairman opened the meeting with 
some apology for the delay, and then 
in the course of things it was announced 
that he, the vice chairman, had been 
elected chairman of the group. This re
flects rather badly on the membership. 
Why they should have voted into office 
a man who had demonstrated a lack 
of punctuality and attention to detail, is 
somewhat beyond my comprehension.

It seems to me that a scheduled 
meeting should start reasonably close 
to the announced time. And I would 
not define 35 minutes late as reason
ably close. The membership has a 
timate complaint if meetings are 
started on time, even if the program is 
a good one As one of the membership, 
I voice that complaint. As one of the 
officers, I pledge to try to keep it from 
happening again.

Sincerely yours, 
A S. Dunbar, PGEM

® ENGINEERS^ 
® RESEARCH fl
SS OPPORTUNITIES W

Aeronutronic, a new division 
of Ford Motor Company, has 
immediate need for computer 
engineers to staff its new S22 
million Research Center in 
Newport Beach, Southern Cali
fornia. Here, you have all the 
advantages of a stimulating 
environment, working with 
advanced equipment, located 
where you can enjoy Califor
nia living at its finest.

Qualified applicants are 
viced to send resumes or 
quiries to Mr. R. E. Durant, 
Aeronutronic, Box AC-486, 
Newport Beach. California.

Dear Sir:
On page 20 of the June 1959 issue 

of the Grid there is a report on the stu
dent paper contest by William McGuire.

Apart from the fact that the writer 
has managed to make two errors in 
spelling my name he also mixed the 
titles of the two graduate students pa
pers and quoted a completely incorrect 
title for mine.

The subject of my paper, which was 
awarded first prize, was “Remarks on 
the elementary introduction to electro
dynamics." I do not think that field 
theory is taught in electrical engineer
ing courses at all. It was Mr. Glavitsch 
who gave the paper on circuit breakers.

On closer perusal of the report I 
find that there are three errors not only 
two in the spelling of my name—your 
correspondent could hardly contrive to 
make more of them.

I wonder how reliable an informa
tion one can get from your magazine 
and I would be interested to find out 
whether you are going to take the trou
ble of publishing a correction. A half- 
done work is worse than nothing.

Yours truly,
Vladislav Bevc, 
Student Member
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A LOCAL MANUFACTURER 
FEATURING THESE PRODUCTS:
HIGH ALUMINA CERAMICS: AL-3OO, AL-1OO9. high 

purity, high strength, vacuum tight, low loss. 
Insulators, windows, discs, special shapes.

LOW PRESSURE BRAZING ALLOYS: Cusil, Cuplat, 
Incuro, Nicoro, Nioro, Palco, etc., in wire, sheet, ribbon, 
powder and preforms, (washers, rings, etc.)

"VX” SUPER REFRACTORY: For applications requiring 
high resistance to thermal shock — boats, slabs, 
special shapes.

SILVER METALLIZING PAINT & FLAKE: Electrically 
conductive coating for Ceramics, Glass. Plastics. Mica, 
Titanites, Paper, etc.

PRECIOUS METALS: High Purity Platinum. Gold. Silver 
and alloys of these elements in form of wire, sheet, 
ribbon, powder and stampings

AMERICAN 
TRUST 

COMPANY 
® 

BANKING 
Since 1854

ZZZ .—.77.—

Serving the Electronics Industry

CITY .

FIELD

’ J CARMEL

7^777.-^
NORTH SACRAMENTO ” . " - '

SACRAMENTO

. WOODLAND

GOLD & PLATINUM
Located to serve you . . .

525 Harbor Blvd. Belmont. California
LYTELL 3-3121

. «O0£S>O , .UM MHO,

STOCKTON------  '

^ ,n"!ON - -
. FAIRFIElo' JP^"OCH

...;. .. .. ■■ - ^;AlK

•W MARTINEZ - - OP'.NOA - . - • -J ' CASTROVILLE
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more election

ON COURSE?. . . OF COURSE!

fSCIENTISTS
I
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AIRBORNE TACTICAL DATA 
HANDLING AND DISPLAY

A variety of satisfactions exist 
at Litton Industries Electronic 
Equipments Division. Among 
these is the pleasurable 
experience of participating in 
research that moves through 
development and engineering 
to completed production.

AIRBORNE DIGITAL 
COMPUTERS AND DATA 

PROCESSING

LARGE SCALE GROUND 
BASED DATA HANDLING

INERTIAL GUIDANCE 
AND CONTROLS

RADAR AND 
COUNTERMEASURES

To the seafaring man, caught in dark and 
foul weather, the clang of a bell buoy or 
the resonant blast of a fog horn is a 
sound of safety...a sound that gives 
him quiet confidence for the journey 
ahead. The Kittleson Company, by virtue 
of its twelve years of problem-solving 
service to industry, has engendered a 
similar feeling of confidence among 
electronic engineers and technicians, 
here in the West.

Representing:
Airtron, Inc., a Div. of Litton Industries 
Electronic Tube Corporation 
Hermes Electronics Company 
International Instruments, Inc.
Laboratory for Electronics, Inc. 
Lavoie Laboratories, Inc.
Packard-Bell Computer Corporation 
Remanco, Incorporated
Servo Corporation of America 
Spencer-Kennedy Laboratories, Inc.
Ultradyne, Incorporated
U.S. Semiconductor Products, Inc. 
(U.S. Semcor)

Inquiries regarding staff 
openings may be directed to 
Mr. C. T. Petrie, 336 North 
Foothill Road, Beverly Hills, 
California.

To those manufacturers whose product 
lines it represents Kittleson Company 
has proved itself a beacon to intelligent 
and successful merchandising in this 
vast electronic market.
THE KITTLESON COMPANY 
Electronic Manufacturers’ Representatives 
Los Angeles
416 N. La Brea Ave., Los Angeles 36, California
Palo Alto
809 San Antonio Rd., Palo Alto, California 
Alamogordo
1511 Lincoln Ave., Alamogordo, New Mexico

ENGINEERS 
and

Alexander J. Stripeika, vice chairman, 
EBSS

■: ■ *

Eugene A. Aas, secretary-treasurer, 
EBSS

LITTON INDUSTRIES
Electronic Equipments Division 

Beverly Hills, California

tory, vice chairman. Presently head of 
the design and development divisions 
of the electronics engineering depart
ment, Stripeika has been with the Law
rence laboratory since 1946.

Holder of a BS in electrical engineer
ing, he served as an electronics officer 
in the U.S. Navy. He is a senior member 

of the Institute.

Professional Group on 
Antennas & Propagation

E. A. Blasi, Lockheed Missiles and 

Space Division, chairman. At LMSD, 
Blasi holds the position of manager of 

electromagnetics.

Eugene A. Aas, Sandia Corporation, 
Livermore Laboratory, secretary-treas
urer. A division leader in the product 
engineering department, Aas joined 

Sandia in 1 949.
Previously he has been with Farns

worth Television and Radio Corp, on 
misssile-guidance development, with 
the Signal Corps as a radar officer, and 

with General Electric as a test engineer
He has a BSEE degree from North Da

kota Agricultural College. He is a mem
ber of Tau Beta Pi and a senior mem

ber of IRE.
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Fellow, and
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in the

for immediate shipment from 
the largest stock in the West

.degree
— year*

Richard C. Honey, vice chairman, 
PGAP

BAY AREA 
DAvenport 6-2922 
R. S. HUGHES CO., INC. 
564 College Avenue, Palo Alto

/w Southern California 
offers

SENIOR 
ENGINEERS
• interesting

positions in
ELECTRONIC
ENGINEERING

E. A. Blasi, chairman, PGAP

There’s no engineering conserva
tism, either. Here you are encour
aged to move boldly across your 
discipline and explore new ideas be
yond the boundaries of today’s 
knowledge.
Join an organization whose future 
is being built on solid engineering 
achievement in advanced electronic 
areas. There are openings in:

Please send resume to Wayne Pearson
MOUNTAIN VIEW OPERATIONS 

V-.-unVc Operations/ SYLVANIA ELECTRONIC SYSTEMS
4 Division of

VSYLVANIA
S-.ln.dan' ol

GENERAL TELEPHONE 4 ELECTRONICS \***/

P.O. Box 188-Mountain View, California

W. C. Walker, Engineering Employment Mgr., 
Bendix Pacific, 11600 Sherman Way, 
North Hollywood, California
I am interested in Electronic Engineering.
I am a graduate engineer with--------------------
I am not a graduate engineer but have-------
experience.
Name_____
Address
City
Zone

ifflES AS IT* 
B STOCK

Von R. Eshleman, Stanford University, 
secretary. An associate professsor, Esh
leman is active in the* special fields of 
radar astronomy and radio communica
tion.

He holds a BEE from George Wash
ington University and an MS and PhD, 
both in electrical engineering, from 
Stanford. Before joining the faculty in 
1 952 he was associated with the Atomic 
Energy Commission as a 
served in the U.S. Navy.

(Continued on page 44)

looking 
for new 

technical 
worlds to conquer?

Having a BSEE from New York Uni
versity, he did graduate work in phy
sics at Ohio State University. He was 
formerly a member of the technical staff 
of the Hughes R&D Laboratories.

Richard C. Honey, Stanford Research 
Institute, vice chairman. Honey is a se
nior research engineer in the microwave 
group of the electromagnetics labora
tory. He received a BS in physics from 
California Institute of Technology and 
after serving as a radio technician in 
the U.S. Navy, received degrees of elec
trical engineer and PhD in electrical en
gineering from Stanford University.

He holds memberships in the PGMTT, 
RESA, and Sigma Xi.

SYSTEM STUDIES • CIRCUIT DESIGN
• COMPUTERS & DATA HANDLING • 
ELECTRONIC PACKAGING • DEVEL
OPMENT ENGINEERING • CONCEPT & 
PLANNING • ADVANCED ECM CIRCUIT
RY • EQUIPMENT DEVELOPMENT • 
PRODUCT ENGINEERING • TUBE ENGI
NEERING • TUBE APPLICATION ENGI
NEERING • MECHANICAL ENGINEERING
• TUBE PRODUCTION ENGINEERING • 
THEORETICAL PHYSICS • EXPERIMENTAL 
PHYSICS ■ MATHEMATICS • MICRO
WAVE ENGINEERING • ENGINEERING 
WRITING • TUBE RESEARCH ENGI
NEERING

Jz TEFLON SPAGHETTI 
T TUBING

Sizes AWG =0 thru #30 
Thin Wall or Standard 
10 Standard Colors

THERE’S ROOM FOR THE
---- "ALEXANDERS”-----

AT SYLVANIA'S
MOUNTAIN VIEW OPERATIONS

(San Francisco Bay Area)

Legend says that Alexander the 
Great wept when his armies ar
rived on the banks of the Indus, 
because there was no more of the 
world to conquer. 2,300 years later, 
there are engineers and scientists 
who feel much the same as Alex
ander did. Working on small pro
grams that embody “off-the-shelf” 
concepts, they never see the vast 
technical areas that today are in
viting conquest by inquiring minds.

There's a difference at Mountain 
View. Even the most pessimistic 
“Alexander” will find challenge at 
Sylvania’s Mountain View Opera
tions. Expanding and dynamic pro
grams embodying revolutionary 
concepts in the fields of Reconnais
sance Systems, electronic defense 
and microwave communications of
fer the opportunity to test the full 
range of a man’s professional skills.

& EXTRUDED TEFLON 
* TYPE E WIRE

Sizes #16 thru #30
10 Standard Colors

Microwave, .CiYcuit Design, IF-RF 
Design, Antenna Design, Test 
Equipment Design, Transistor 

Design.
Please send youc resume to W. C. 

Walker or fill in the coupon 
and mail it today.



ELECTRONIC
ENGINEERS

& PHYSICISTS

Al i
Von R. Eshleman, secretary, PGAP

MORE ELECTION
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MR. JOHN M. HAYNES

WHITE AND COMPANYUPton 0-8781

PALO ALTO, CALIF. DAvenport 1-3350
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Vi.v

INTERVIEWS DAILY, 
EVENINGS OR SATURDAYS

benson-lehner corp.
I860 FRANKLIN STREET 

SANTA MONICA 
EXbrook 3-9921

MICROWAVE AND NUCLEAR
Instruments — Systems 
Associated Components

OUR GROWTH PLANS CALL 
FOR A TOTAL OF 85 TO 90 IN 
SIX MONTHS, AND AT LEAST 
125 IN ONE YEAR, INCLUD
ING 50 ENGINEERS AND SCI
ENTISTS.

He is a Fellow, RAS; senior member 
IRE and AAS, and member of Sigma 
Tau, Sigma Xi, and U.S. Commission III 
of URSI.

SALES ENGINEER
Northern California Area

Engineering & Sales Representatives 
788 MAYVIEW AVENUE

RESDEL ENGINEERING CORPORATION
needs

SENIOR ENGINEERS
Progressive Company well established in advanced Research Development and 
Production in Space Technology, has Permanent and Attractive Openings for 
Engineers (Degrees Preferred).
Senior Electronic Project Engineers Experienced in Advanced Circuit Design of 
VHF-UHF Space Communication Equipment.
Senior Microwave Systems Specialists, also Experienced in VHF-UHF Communica
tions.
Senior Mechanical Design Engineers, with experience in Packaging of Missileborne 
Electronic Hardware.

Confidential and convenient interviews arranged by:
Personnel Director, Phone RYan 1-7689

330 So. Fair Oaks Avenue, Pasadena, California

I; 
V

INTERESTED SENIOR OR INTER
MEDIATE ENGINEERS & PHYSI
CISTS WITH A BACKGROUND IN 
SERVOMECHANISMS, DIGITAL 
COMPUTER CIRCUITS OR TRAN
SISTOR CIRCUIT DESIGN SHOULD 
CONTACT:

Professional Group on
Electronic Computers

Douglas C. Engelbart, Stanford Re
search Institute, chairman. Engelbart is 
a senior research engineer in the com
puter-techniques laboratory at SRI. He

OUR ENGINEERING DEPART
MENT IS MADE UP OF A STAFF 
OF 53, INCLUDING 20 ENGI
NEERS AND PHYSICISTS AND 
33 SUPPORTING DRAFTSMEN, 
TECHNICIANS AND CLERICAL 
PERSONNEL.

RESEARCH PROJECTS NOW 
PROGRESS INCLUDE:
(A) A BASIC STUDY INTO THE 
FUNDAMENTALS OF ENERGY 
TRANSFER.
(B) A BASIC ANALYSIS INTO 
THE THEORY OF AUTOMATIC 
DOCUMENTATION STORAGE & 
RETRIEVAL.

ENGINEERING PROJECTS NOW 
INCLUDE DEVELOPMENT OF:

(A) AUTOMATIC PHOTOGRA- 
EQUIPMENT FOR THE FIELDS 
METRIC INSTRUMENTATION 
OF HIGHWAY ENGINEERING & 
CARTOGRAPHY.
(B) AUTOMATIC GRAPHIC DIS
PLAY EQUIPMENT.
(C) POSITION INDICATING 
GENERAL MEASURING INSTRU
MENTS.
(D) AUTOMATIC HIGH PRECI
SION FILM READING EQUIP
MENT.
(E) DIGITAL RECORDERS AND 
PLAYBACK UNITS UTILIZING A 
RADICALLY NEW MEDIA AND 
RECORDING TECHNIQUE.

was formerly president and technical di
rector of Digital Techniques, Inc., and 
before that an assistant professor of 
electrical engineering at the University 
of California.

He has also been a research associ
ate in the University of California com
puter laboratory and an electrical en
gineer with NACA at Ames Aeronautic
al Laboratory. His PhD and ME degrees 
in electrical engineering are both from 
the University of California, while his 
BS is from Oregon State College. He is 
a member of Sigma Xi.

THE ENGINEERING DEPART
MENT IS DIVIDED INTO A BA
SIC RESEARCH GROUP AND A 
DEVELOPMENT ENGINEERING 
GROUP.

Douglas E. Engelbart, chairman, PG EC



call McCarthy Associates
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were pretty certain to have what you need. Current outputs
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project

engineers

IMMEDIATE OPENINGS

AREAS OF ACTIVITIES
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MENLO PARK:
635 Oak Grove • DA 6-7937

o GROWTH
o RESPONSIBILITY 

o CHALLENGE
o PARTICIPATION

SAN DIEGO:
934 V/. Laurel • BE 9-2265

PHOENIX:
111 W. Osborn Rd. • CR 9-1891

SACRAMENTO-FOLSOM:
ENterprise 1-0879 ► local call

Arthur J. Critchlow, vice chairman, 
PGEC

Richard 1. Tanaka, secretary-treasurer 
PGEC

o o Qoa

ussocmn^

Electronic Countermeasures
Advanced Communications
Traveling Wave Tube Applications
Microwave Receivers
Low & High Power R.F. Amplifiers
Transistor Circuits
Aircraft & Ground-Based Antennas

Arthur J. Critchlow, International Bus
iness Machines Corporation, vice chair
man. Critchlow is presently on a one- 
yeor special assignment at the IBM ad
vanced systems division, San Jose, 
studying data processing and artificial 
intelligence.

He obtained a BS in applied physics 
from the California Institute of Technol
ogy in 1947. Before joining IBM he 
worked on missile telemetering, micro
waves, and missile-guidance problems 
at Convair and Ryan.

He is a member of the Association 
for Computing Machinery, the American 
Physical Society and PGED.

Richard I. Tanaka, Lockheed Missiles 
and Space Division, secretary-treasurer. 
Recipient of BS and MS degrees in elec-

I trical engineering from the University 
of California, Tanaka took his PhD in

' electrical engineering and physics at the 
1 California Institute of Technology.

Prior to Lockheed he was with the 
i Hughes Aircraft Company and North 
| American Aviation, Inc. He is a member 

of Phi Beta Kappa, Sigma Xi, Tau Beta 
Pi, and Eta Kappa Nu.

POWER 
supplies

PASADENA:

1055 E. Walnut • MU 1-7411

A continuing increase in the number and I 
variety of advanced projects in which 
Granger Associates is engaged has cre
ated additional responsible positions for 
electronic engineers at both design and 
project levels.
Competent engineers will find that re
sponsibility at Granger Associates is 
synonymous with engineering capabil
ity. Project engineers are given "start- 
to-finish" engineering assignments as 
soon as qualified.
Granger Associates is a young, rapidly 
growing, employee-owned company en
gaged in development and manufacture 
of radio systems and system components. 
Congenial associates who are prominent 
in their fields will add to your own pro
fessional development.

To investigate further
DR. J. V. N. GRANGER

966 Commercial Street Palo Alto, California 
DAvenport 1-4175

— choose from 4 complete 
lines —150 types — extremely 
broad range of voltages 
and current

Representing 4 outstanding companies —Sorensen, Beta, Hamner and Fluke 
— we’re pretty certain to have what you need. Current outputs are available 
from 1 ma up to 500 amps. Voltages range all the way to 250,000 volts. 

McCarthy will equip you with magnetic amplifier types... transistorized, 
miniature, tube, DC to DC, DC to AC, AC to DC, AC to AC, unregulated, 
resonant, electrostatic generator types, and precision power supplies. Also 
AC line regulators —60 or 400 cycle —and frequency sources. Quick delivery 
on most types. Ask for complete literature, or a sales engineer.

McCarthy Associates, Inc.
ENGINEERING SALES AND SERVICE
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REPRESENTING:

JACK KAUFMAN

Representing:

LET US HEAR FROM YOU

OlsonLewis
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• Prompt price and delivery 
information

• Immediate personal review of 
your technical applications

For high speed response to 
questions concerning any of our 

manufacturers’ products . . .

Calabasas, Calif.

StatJhcun Development Corporation 
Los Angeles, Calif.

Electronic Associates, Inc.
Longbranch, N. J.

Electronic Measurements Co., Inc.
Eatontown, New Jersey

126 - 25th Avenue 

San Mateo, California 

Fireside 1-4942

Lamfex Industries
EPOXY FIBRE GLASS LAMINATES

Leach Relay Div.
RELAYS — CONTACTORS

Electronic Mechanics Inc.
MYKROY — GLASS BONDED MICA

Callite -Tungsten Corp.
LEADS AND FILAMENTS

Electro Switch Corp.
ROTARY SWITCHES

Monogram Precision Industries, Inc., 

has named Robert A. Lehman as senior 
vice president. Lehman, who was gen
eral manager of the electronics divi
sions in Los Gatos, now heads the pro
prietary products divisions in the com
pany's San Fernando Valley facilities.

Dr. Roy E. Olson has been named 
chief engineer of the Monogram Pre
cision Industries, Lewis and Kaufman 
Division, Los Gatos. Olson, formerly 
with Eitel-McCullough as a physicist in 
the advanced research group, received 
his doctorale in physics from the Uni
versity of California and served with 
that university's radiation laboratory. 
Position of Lewis and Kaufman chief 
engineer was formerly held by Alfred 
Thompson, now general manager.

Most electronics engineers are 
these days. Our full-time job at 
O’Halloran Associates is to try and 
save you this valuable commodity. 
Here’s a few ways how:

Weinschel Engineering Co. 
Kensington, Maryland

Van Norman Industries, Inc.
Manchester, N. H.

Corporation

The Narda Microwave Corp. 
Mineola, N. Y.

Levlnthal Electronic Products, Inc.
Palo Alto, Calif.

MPE Menlo Park Engineering 
Menlo Park, Calif.

Boonton Electronics Corp.
Morris Plains, N. J.

Robert E. Lewis joins Beckman & 

Whitley, Inc. of San Carlos as a senior 
optical engineer on the development of 

optical systems for high-speed instru
mentation. Lewis was previously in the 
scientific bureau of Bausch & Lomb Op-

( Continued on page 48)

High-speed research and instrumenta
tion cameras and meteorological in
struments are the activities of our 
instrument division. A versatile man 
with a BS or MS in either electrical 
engineering or physics, a good grasp 
of circuitry and systems, an analytical 
approach, and the ability to take re
sponsible, decisive action, will find 
an interesting and unusual career in 
this division.

Beckman & Whitley is a well-estab
lished concern in both of these fields 
as well as the missile component 
field, having been in operation on the

( ifc
Kromer

: \ ■

John Francis O'Halloran & Associates
' ELECTRONICS ENGINEERS 

' .. SALES REPRESENTATIVES

GRID SWINGS
It Is Reported That:

Varian Associates has added Dr. Her
bert Kromer from Hamburg to its cen
tral research team. His title is senior 
research scientist. After graduation with 
a PhD from the University of Gottingen, 
Kromer spent several years as a re
search physicist in the semiconductor 
group at RCA Laboratories, Princeton. 
He returned to Hamburg in 1957 to 
head the semiconductor group of the 
German branch of Philips. Emmet Came
ron has been advanced from vice presi
dent and general manager to executive 
vice president and general manager.

San Francisco Peninsula since 1948.
It will be this man’s primary task 

to see that the latest concepts and 
techniques of electronics are kept con
stantly applied to the camera and 
meteorological activity. For this, he 
must have a wide range of technical 
interests and 5 years of electronic in
strumentation design or development 
experience.

Does this sound like you? If so, 
give me a call at LYtell 3-7824 and 
let’s see if we can get together.

George Bingham

San Carlos, California ff

• NORTH HOLLYWOOD: • PALO ALTO:
TRiangle 7-0173 DAvenport 6-1493

• SAN DIEGO: 
ZEnith 7745

a

Cameron



’lec/ucitMCf.one
SCIENTISTS ENGINEERS

SAN FRANCISCO BAY AREA BACK EASTSOUTHERN CALIFORNIA

SUBMIT RESUME IN CONFIDENCE

PROFESSIONAL I TECHNICAL RECRUITING ASSOCIATES
SUITE G

can ai ^ecSanguSar peg

ac, it can at ADV1NCO

1 "tt ^O|C«OXON _ -

price $800 f.o.b. factory
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3" Portable Oscilloscope

Many excellent opportunities for career advancement 

(Employer pays interview, moving and agency costs)

. . .where there are opportunities for imagi
native thinking (rectangular and elliptical). 
Advinco needs engineers with digital switching 
circuit experience, also mechanical engineers 
backgrounded in small mechanisms. Here’s 
challenging work on unique digital data hand
ling systems with a young, aggressive firm.

in various disciplines

large number of firms in R&D and manufacturing 

located in

ADVANCED INSTRUMENT CORP.
17-40 University Ave., Berkeley, California 

THornwall 5-4409

Jack Hawley, Chief Engineer

'r fit' ♦ •
— I -

fot an eDHipflical hole?

for a

(A DIVISION OF THE PERMANENT EMPLOYMENT AGENCY)

° 825 San Antonio Road ° Palo Alto ° Davenport 6-0744

SfteeCalC&tA Cm ^<iaie44ioM<iC

TYPE 31 7

Bright trace for dayli ght 
applications.

DC-to-10 MC vertical 
response.

Sensitivity—0.01 v/div 
0.1 v/div de.

22 direct-reading calibrated 
sweep rates —0.2 /isec/ 
div to 2 sec/div.

Preset and manual trigger
ing control.

872° wide, 12" high, 19’/2" 
deep—weight only 35 lbs.

Tefrtron/x, Inc. ."“0“!?.
701 Welch Road, Palo Alto, California, DAvenport 6-8500

&
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Please send resume immediately 
to Mr. A. S. Rutman,
Link Aviation, Inc., P.O. Box 1318 
Palo Alto, California

• analog & digital computer 
components & systems

• missile systems analysis
• radar simulation
• industrial & process control
• engineering psychologist

LINK AVIATION. INC.
a subsidiary of
General Precision Equipment Corporation

A 

GENERAL 
PRECISION 

COM PANY

MAGNETIC-CORE 
DELAY LINES
Excellent transmission 
fidelity.

DELAY-LINE 
FLATS

New elliptical core de
sign offers wide range 
of characteristics.

COLUMBIA TECHNICAL CORP.
6102 Thirty Firsl Ave — Woodtidc 77. N. T.

DC POWER
Precisely Regulated for 

Missile Testing and General Use

MORE SWINGS
tical Company of Rochester, N. Y. He 
has also been a member of the field
engineering group of the Chicago Mid
way Laboratories of the University of 
Chicago.

Mini Lines
The rfew 
miniaturized 
encapsulated 
delay lines.

Man’s infinite capacity to think 
and to understand opens the 
way to infinite accomplish
ments. At Link Aviation, Inc., 
the atmosphere in the R & D 
laboratory at Palo Alto, on the 
Shn Francisco Peninsula, is con
ducive to such endeavors.

Pioneers and world leaders in 
flight simulation, Link is an im
portant systems designer in 
many fields, especially in analog 
and digital computers.

There are immediate open
ings at all levels for engineers 
with experience in:

no 
limitations 
‘ at

/Link-Palo Alto

SILICON 
POWER 

SUPPLIES
available in 30 standardized and 
militarized models from 30 to 1500 
amps ... 6 to 135 volts.

Write For Bulletin AC-58-A 

CHRISTIE ELECTRIC CORP.
3410 W. 67th St., Los Angeles 43, Calif.

Represented by C. R. Dalton Associates 
132 El Camino Real, San Carlos, Calif.

Phone; LYtell 1-2654

Broadview Research Corporation, Bur
lingame, realized a 70% gain in vol
ume during its last fiscal year, now 
employes 100 persons, one of the most 
recent of whom is Dr. Peter Viet Zuan 
Phung, a senior research analyst on the 
management-sciences staff. Phung re
ceived a PhD from the University of 
Notre Dame in 1957 and has been there 
since as a research associate.

Our Delay Lines are being 
used by leading manufac
turers of commercial and 
military electronic equipment.

Sylvania electronic systems promotes 
Robert F. Schulz from manager, recon
naissance systems laboratory to mana
ger of special programs He is succeed
ed by Paul O. Engelder, formerly in the 
electronic defense laboratory. Richard 
E. Smith, formerly general foreman, now 
becomes manufacturing superintendent 
in the Mountain View tube plant. Bruce 
Bryant is appointed sales engineer in 
the computer products operations in 
Santa Cruz. Norman Stein has become 
a staff specialist in reliability engineer
ing in the reconnaissance systems lab
oratory.

Plans were announced for the begin
ning of construction on a 40,000-sq-ft 
special tube operations laboratory, 
fourth building on the 39-acre site. 
Alden L. Hart is research and develop
ment sales manager.

In the electronic defense laboratory, 
Robert H. Nord is promoted from head 
of the transmitter section to manager 
of transmission-facilities development; 
Charles E. Sibley, formerly an engineer-



VACUUM
TUBE

VOLTMETER

Sibley Napier

MODEL 162 WRITE FOR BULLETIN

Local Rep.: James S. Heaton • 413 Lathrop Street, Redwood City • EMerson 9-5278

HL
A NEW FIELD

L
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CUSTOM TOROIDS BY PAECO

.■S33S&

PAECO

i®

A new building that will double pres
ent floor space has been announced by 
Granger Associates, Palo Alto.

Bill Wilson, a BSEE graduate from the 
University of California, with Neely En
terprises since 1957, has been assigned 
to the San Carlos office.

(Continued on page 50)

1#

MORE SWINGS
in-charge, succeeds Robert Gray to the 
post of head of products-engineering 
section; Norman S. Johnson joins the 
staff as an engineering specialist in the 
missile-analysis section; Dr. Gabriel F. 
Herrmann, formerly with Bell Telephone 
laboratories, goes to the microwave 
physics laboratory as an engineering 
specialist; Herbert M. King is promoted 
from head of the field-operations sec
tion to manager of the liaison depart
ment; and C. Jack Napier, formerly a 
field engineer, becomes head of the 
field-operations section succeeding King.

•’

If

Watkins-Johnson Co. will triple its 
facilities in Stanford Industrial Park in 
a $400,000 building program.

Jay Stone and Associates, Sunnyvale, 
has been appointed to represent Bogart 
Manufacturing Company (microwave 
components and sub-assemblies) and 
PCA Electronics (delay lines and pulse 
transformers).

MEASUREMENTS
A McGraw-Edison Division 

BOONTON, NEW JERSEY

■

- Li S

|®

Neely, left, and Robert L. 
loniface, right, are shown with the 
100 th employee of Neely Enterprises, 

George Combs

list
The electronics industry has be

come accustomed to the superior 
quality of PAECO custom-designed 
transformers. PAECO’s long expe
rience in the design and manufac
ture of custom transformers to meet 
the most varied requirements and 
specifications has led to the expan
sion of PAECO facilities to provide 
for the production of versatile cus
tom-designed toroids and toroidal 
components.

Modern automatic winding 
equipment allows PAECO to make 
rapid delivery of custom-designed 
toroids, toroidal filters, and mag
netic amplifiers specially engi
neered to meet the most rigid cus
tom and military specifications.

MEASUREMENTS^

PALO ALTO ENGINEERING COMPANY
620 Paco Mill Road • Palo Alto. California 

DAvonport 6-S360

Provides RANDOM AC
CESS to all functions and 
ranges through the use of 
push-button switches.
• For voltage and current mea
surements in laboratories, service 
shops and on production lines.

• For accurate rf and ac voltage 
measurements from 0.1 to 300 
volts on electronic equipment from 
the low audio range through the 

VHF range.

• For de voltage measurements 
from 0.01 to 1000 volts without 
disturbing circuit performance.

• For direct current measurements 
as low as 0.001 microampere.



MORE SWINGS

ur Minrm can

1601 East Chestnut Ave., Santa Ana, Calif.

distinctive • readable • reliablePhone: Kimberly 7-5501
WebbHall
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Your 
Antenna System 

Specialist

for engineers working 
in electronics, a word 
of importance from

order from 
local stock

HAROLD J. ARNOLD
Senior Group Engineer 

Computer Language Translator & 
Data Processing Systems

I had room in which to grow 
(and freedom) 

at EECO. You will too!”
write or call: Merl Perkins 

personnel manager

Electronic 
Engineering 
Company 
of California

Ground-breaking ceremonies in Stan
ford Industrial Park for the new 33,000- 
sq-ft building of Microwave Engineer
ing Laboratories, Inc., brought this 
group together: W. LaMar Talbot, 
Perry H. Vartanian, Robert E. Ed
wards, Jack L. Melchor, Joseph AL Pet
tit, Lloyd A. Addleman, Major O. R. 
Hill, Dean A. Watkins, Wesley P.

Ayers, and William J. Swanson

Applied Electronics Company, Inc., 
has announced a new 22,OOO-sq-ft plant 
addition to its South San Francisco plant.

for complete 
catalog information:

CARL HERRMANN
P.O. Box 1179 • Palo Alto, California 

DAvenport 6-6033

D-C 
MICROAMPERES 20

GENERAL (g)ELECTRIC

*- CALIFORNIA CORPORATION

Antennas • Antenna Systems • Transmission Lines

You arc invited to write Bill at 
941 E. Marylind Ave., Claremont, Calif., 

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

' I

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.

Microwave Electronics Corp., Palo 
Alto, has appointed Fred M. Schumacher 
senior engineer. Schumacher, a special
ist in traveling-wave-tube development, 
has been with the G.E. Microwave Lab
oratories as a consulting engineer for 
the past four years. He has also been 
a research assistant in the Stanford 
Electronic Laboratories. Arthur L. Webb 
has been appointed production man
ager. Webb has been in the electron 
tube division of Litton Industries and 
formerly with the Hughes Aircraft tube 
division.

10 1S

Pasadena: Ryan 1-5111
San Diego:

ask operator for Zenith 0702

Ultek Corporation is a newly formed 
electronic organization specializing in 
electronic vacuum pumps and related 
equipment. The new concern is located 
at 920 Commercial Street, Palo Alto.

Officers of the new corporation are 
Lewis D. Hall, president; Reid W. Den
nis, vice president; and J. William Sugg, 
secretary-treasurer. Other present staff 
department heads include Charles F. 
Brothers, Charles A. Piercey, Victor H. 
Soules, and Buck W. Wong.

Dr. Hall, president and technical di
rector, was recently research engineer 
at Varian Asociates.

5
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A feature of all Arnold C Magnets is the excellent field 
uniformity along the length of the magnet. Versatility in 
design may be realized by using multiple lengths of the 
same size magnet stacked to accomplish the needs of your 
magnetic structure.

Let us work with you on any requirement for permanent 
magnets, tape cores or powder cores. • For information on 
Arnold C Magnets, write for Bulletin PM-115. Address 
The Arnold Engineering Company, Main Offices and 
Plant, Marengo, Illinois. WSW 7428 A

^ARNOLD
SPECIALISTS in MAGNETIC MATERIALS

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find fhem FAST in the YELLOW PAGES

C TYPE MAGNETS in a wide range of sizes to meet your design needs in 
* Transverse Field Isolators * Differential Phase Shifters * Duplexers

Arnold C-type Alnico Magnets are available in a wide 
selection of gap densities ranging from 1,000 to over 7,500 
gausses. There are six different basic configurations with a 
wide range of stock sizes in each group.

The over-all size and gap density requirements of many 
prototype designs can be met with stock sizes of Arnold C 
Magnets, or readily supplied in production quantities.

When used in transverse field isolators, Arnold C Mag
nets supply the magnetizing field to bias the ferrite into the 
region of resonance, thus preventing interaction between 
microwave networks and isolating the receiver from the 
transmitter. These magnets are also used in differential 
phase shifters and duplexers, and Arnold is prepared to 
design and supply tubular magnets to provide axial fields 
in circular wave guides.



TRANSFORMERS
"'rom electrical power to electronic power is quite a switch!

□it more sophisticated than a comparable distribution trans

ormer. The electronic unit usually needs to be more compact

..to weigh less...to perform reliably in specific environments

..in short, to be designed for a specific electronic application.

It takes experience to meet these needs. Not many companies

have it. Electro does. We specialize in electronic transformers

from microwatt

to megawatt...

including the big

ones for ground radar,

scatter communications,

missile ground support,

research and industrial

applications. Custom

engineered to meet

your requirements.

Opportunities for Experienced Transformer Engineers. Write to Personnel Manager.

high reliability transformers

ELECTRO ENGINEERING WORKS, 401 PREDA STREET, SAN LEANDRO, CALIFORNIA
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WE BUILD

THE BIG ONES

HIGH VOLTAGE 
OIL-INSULATED

120 KV 2 A DC power supply installed at 
Eitel-McCullough, Inc. for klystron testing

MORE SWINGS
A recent move by the Menlo Park 

Engineering Co. of Menlo Park to a new 
location at 71 1 Hamilton Avenue has 
resulted in tripling the available space. 
Personnel additions include John Petti
grew, formerly of Hallicrafters, Chicago. 
Pettigrew becomes chief engineer.

Papers Calls
October 9 — 300-word abstract ex

plaining the nature of the contribution, 
its significance, theoretical and experi
mental results, for 1960 Solid-State Cir
cuits Conference (Philadelphia, Penna., 
February 10-12). Send to: Tudor R. 
Finch, Bell Telephone Laboratories, Inc., 
Murray Hill, N. J.

October 23—1 00-word abstract and 

500-word summary, both in triplicate; 
title of paper, name, and address; in
dicating the technical field in which the 
paper falls; for 1960 IRE National Con
vention (Waldorf-Astoria Hotel and New 
York Coliseum, New York City, March 
21-24). Send to: Gordon K. Teal, The In
stitute of Radio Engineers lnc.z 1 East 
79 Street, New York 21, N. Y.

■act is that a high KVA electronic transformer needs to be a

EVENTS OF INTEREST
Meetings Summary

September 23-25—Non-Linear Mag
netics & Magnetic Amplifiers. Shoreham 
Hotel, Washington, D.C. F. G. Timmel, 
Westinghouse Air Arm Division, Box 
746, Baltimore, Md.

September 25-26 — Ninth Annual 
Broadcast Symposium. Willard Hotel, 
Washington, D. C. George E. Hagerty, 
Westinghouse, 122 E. 42 Street, Nev/ 
York City.

September 30-October 1—Industrial 
Electronics Symposium. Mellon Institute. 
Pittsburgh, Pennsylvania. Gary Muffly, 
Gulf Res. & Dev. Co., P. O. Drawer 
2038, Pittsburgh 30, Pennsylvania.

October 5-7—Communications Sym
posium. Hotel Utica, Utica, N. Y. Ralph 
L. Marks, 126 Glen Rd., South-Mounted 
Route, Rome, N. Y.

October 6-8—Radio Interference Re
duction. Museum of Science and Indus
try, Chicago, III. S. I. Cohn, Armour Res. 
Found., 10W. 35 Street, Chicago 16, III.

October 6-9 — International Sympo
sium on High Temperature Technology. 
Asilomar, California. Public Relations 
Office, Stanford Research Institute, Men
lo Park.

October 7-9—IRE Canadian Conven
tion. Toronto, Canada. Convention Of
fice, 1819 Yonge Street, Toronto 7, Can
ada.

October 12-15—National Electronics 
Conference. Sherman Hotel, Chicago, 
III. Hal Bergen, 185 N. Wabash Ave
nue, Chicago 1, III.



NEELY
ELECTRONIC MANUFACTURERS’ REPRESENTATIVES

ONE OF NEELY'S EIGHT OFFICES IS LOCATED CONVENIENTLY NEAR YOU... FULLY STAFFED TO HELP FILL YOUR ELECTRONIC NEEDS

SACRAMENTO 
OFFICE 

1317 Fifteenth St. 
Phone: Gl 2-8901 

TWX: SC 124

SAN DIEGO 
OFFICE 

1055 Shafter St. 
Phone: AC 3-8106 

TWX: SO 6315

NORTH HOLLYWOOD
OFFICE

3939 Lankershim Blvd.
Phone: TRiangle 7-0721

TWX: N-HOL 7133

SAN CARLOS 
OFFICE

501 Laurel Street 
Phone: LY 1-2626 

TWX: San Carlos- 
Belmont CAL 94

ALBUQUERQUE 
OFFICE

107 Washington St., S. E.
Phone: AL 5-5586

TWX: AQ 172

LAS CRUCES 
OFFICE

126 S. Water St. 
Phone: JA 6-2486 
TWX: Las Cruces 

NM 5851

Here’s a combina
tion that pays off every 
time! Six of the country’s foremost 
electronic manufacturers —and Neely 
Enterprises —form an unbeatable team. What’s

NOT A LEMON IN THE BUNCH 1

your game... tracking subs in the Pacific or 
fission-testing in the great western desert? It doesn’t 
matter... if it’s going to require electronic 
instrumentation, a Neely Field Engineer can help 
you. Pull the crank and set the wheels in motion. 
No matter where you are in California, Arizona, 
Nevada or New Mexico, Neely is only a short phone 
call away. Ring us ... it’s no gamble at all!

PHOENIX TUCSON
OFFICE OFFICE

641 E. Missouri Ave. 232 S. Tucson Blvd.
Phone: CR 4-5431 Phone: MA 3-2564

TWX: PX 483 TWX: TS 5981
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MANUFACTURERS INDEX
Manufacturer Representative
Ace Engineering & Meh. Co Premmco, Inc. 
Alfred Electronics White and Company 
Alto Scientific Co ....Long & Associates 
Ameray-Nuclear Shielding Prod. Div..........White & Co.
American Mach. & Fdry McCarthy Assoc. 
Amplifier Corp Hugh Gray Company 

Hugh Gray Company 
...T, Louis Snitzer Co. 
.McCarthy Associates 

O'Halloran Assoc. 
............ Hugh Gray Co. 
............ Hugh Gray Co. 
...............Jess W. Coffer 
............. Jack Kaufman 
............ Hugh Gray Co.

 Long & Assoc.

Advanced Instrument Co..................
Aeronutronic, Div. Ford Motor Co 
Alford Manufacturing Co...................
American Trust Co...............................
Ampex Corp.* .......................................
Andrew Corp..........................................
Arnold Engineering Co........................
Beckman & Whitley, Inc....................
Bendix-Pacific  
Benson-Lehner Corp............................
Christie Electric Corp...........................
Clary Corp............................................... .
Coffer, Jess W., 101 S. Ashton Av., Millbrae; OX 7-4146 
Columbia Technical Corp  
Colvin Laboratories, Inc.* .
DeMornay-Bonardi .
Electro Engineering Works .

 
Electro-Measurements, Inc .
Electronic Engineering Co. of California  
Fluke Mfg. Co., Inc., John..............................................................
General Devices, Inc.*....................................................................
General Radio Co .
Gertsch Products, Inc  
Granger Associates...........................................................................
Gray Co., Hugh; 2166 Market St., San Francisco 

KLondike 2-1777  
Herrmann Associates, Carl  
Hewlett-Packard Co  
Hughes Aircraft Co  
Hughes £o., Inc., R. S  
IBM Corp  
Illumitronic Engineering ...........................................................
Kaufman, Jack; 126 25th Ave., San Mateo; 

Fireside 1-4942  
Kay Electric Co  
Kittleson Co  
Link Aviation Inc  
Litton Industries, Electronic  
Long & Assoc.; 680 Warren, Redwood City; EM 9-3324 
McCarthy Assoc.; 635 Oak Grove, Menlo 

Park; DAvenport 6-7937  
Measurements Corp .

 MELabs.........................................................................................
Miller Co., J. W  
Neely Enterprises; 501 Laurel St., San Carlos; 

LYtell 1-2626; 1317 Fifteenth St., Sacramento; 
Gilbert 2-8901  

Nems-Clarke Co.*  
O'Halloran, John Francis & Associates; 825 San 

Antonio Rd., Palo Alto; DAvenport 6-1493.. 
Palo Alto Engineering Co...............................................
Parsons Co., Ralph M.* ..................................................
Perkin Engineering Corp..................................................
Permanent Employment Agency  
Premmco, Inc., of Northern California; 

P.O. Box 412, Alameda; LAkehurst 3-9495 
Rantec Corp.*  
Raytheon Mfg. Co  
Resdel Engineering Corp  
Sierra Electronic Corp.*  
Snitzer Co., T. L.; 515 So. Mathilda Ave., 

Sunnyvale; REgent 6-6733  
Space Technology Laboratories .
Stoddart Aircraft Radio Co., Inc.* .
Sylvania .................................................................................
Tektronix, Inc........................................................................
Telechrome Manufacturing Corp.*  
Tele-Dynamics, Inc.*  
Theisner Co., William  
Varian Associates  
Western Gold & Platinum Co  
White and Co., 788 Mayview Ave., 

Palo Alto; DAvenport 1-3350

Universal Electronics T. Louis Snitzer Co. 
Varian Associates Neely Enterprises 
Weinschel Engineering O'Halloran Assoc. 
Wincharger Corp. (Zenith Radio Corp.).-Premmco, Inc. 
Winchester Electronics Long & Associates

Amplifier Corp................................ .
B & F Instruments ................
Behlman Engineering Co..............
Beta Electric Co  
Boonton Electronic Products, Inc 
Budd-Stanley, Inc  
Burmac Electronics Corp  
C and H Supply Company  
Callite-Tungsten Corp  
Cincinnati Div. Bendix  
Consolidated Avionics Pwr. Sup. Inc, 
Data Instr., Tele T. Louis Snitzer Co. 
Del Electronics Corp... Hugh Gray Company 
Dymec, Inc Neely Enterprises 
Electro-Measurements Neely Enterprises 
Electro Products Lab.... Hugh Gray Company 
Electro-Pulse, Inc T. Louis Snitzer Co. 
Electro Switch Corp Jack Kaufman 
Electronic Measurements Co O'Halloran Assoc. 
Electronic Mechanics Inc Jack Kaufman 
ELMEG (Presin Co.) White and Co. 
Emerson & Cuming McCarthy Assoc. 
EMI-Electronics, Ltd White & Company 
Empire Devices Products White and Company 
John Fluke Mfg. Co McCarthy Assoc. 
Franklin Electronics, Inc T. Louis Snitzer Co. 
General Communication... T. Louis Snitzer Co. 
Globe Industries Long & Associates 
Hamner Electronics McCarthy Assoc. 
Hewlett-Packard Neely Enterprises 
Heli-Coil Corp Premmco, Inc. 
Hub-Pot Inc Hugh Gray Company 
Hughes Products Co McCarthy Assoc. 
IVO (Presin Co.) White and Co. 
Julie Research Laboratory Hugh Gray Co. 
Keithley Instruments T. Louis Snitzer Co. 
Kin Tel Neely Enterprises 
Lamtex Industries Jack Kaufman 
Leach Relay Division Jack Kaufman 
LEL, Inc White and Company 
Levinthal Electronic Nuclear Div White and Co. 
Levinthal Electronic Equip. Div O'Halloran Assoc. 
Lindsay Structures Premmco, Inc. 
Manson Laboratories, Inc White and Co. 
Massa Div., Cohu Electronics McCarthy Assoc. 
Menlo Park Engineering O'Halloran Assoc. 
Millivac Instrument Div., Cohu— McCarthy Assoc. 
Narda Microwave Corp O'Halloran Assoc. 
Oregon Electronic Mfg White and Company 
Polarad Electronics T. Louis Snitzer Co. 
Polyphase Instrument T. Louis Snitzer Co. 
Quan-Tech Laboratory Hugh Gray Company 
Radiation Counter Labs White and Company 
Rantec Corp O'Halloran Assoc. 
Sanborn Company Neely Enterprises 
Sensitive Research Instrument McCarthy Assoc. 
Sierra Electronic Corp  
Sorensen & Co  
Technology Instrument  
Telonic Industries  
Transistron, Div. Van Norman 
U. S. Science Corp. (Topp Ind.).



Gertsch CRTS Subminiature Coaxial RatwTran

— ONLY 2'/2" IN DIAMETER
-ACCURATE TO 0.001%

-QUALIFIED TO MIL SPECS
50 G's - 7 ms

.900 V RMS, 60 cps

~ Gertsch —
GERTSCH PRODUCTS, INC. 3211 S. La Cienega Blvd., Los Angeles 16, Calif. • UPton 0-2761 • VErmont 9-2201
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— 18° C
— 54° C

MANY TYPES. Subminiature RatioTrans are 
available with 4-place, 5-, and 6-place resolution, 
and in a wide variety of decade arrangements. 
Available either servo mount or flange mount. 
Complete data sent on request. Bulletin CRT-3. 
Or contact your Gertsch representative.

SHOCK
VIBRATION

OPERATING:
NONOPERATING:

SALT SPRAY:
DRIP PROOF:
FUNGUS:
HUMIDITY:
HIGH TEMP.

OPERATING: 
NON-OPERATING:

LOW TEMP.
OPERATING: 
NONOPERATING:

DIELECTRIC
STRENGTH: 

EXCELLENT PERFORMANCE. This Gertsch AC 
voltage divider, has inherent characteristics of 
high input impedance, low effective output im
pedance, and very low phase shift. Input voltage: 
0.35 f (f in cps) or 140-volt max at 400 cps. 
Frequency range: 50 to 10,000 cps. Unit is age
less, requiring no calibration tests. Performance 
approaches that of the ideal divider.

MIL-STD-167, Type I 
MIL-E-4970, Proc.TH 
MIL-E-5272A

. MIL-STD-108 
MIL-E-5272 
MIL-STD-202A



RECORDER

Comity
Iransis

7,

4* recording width.

‘ Li

rackbench or

★

•Patent No. 2,581.133

5 -

GENERAL

Type 1521-A Graphic Level Recorder 
with 40-db Potentiometer . . . $995.

★ Traces the rms level of ac voltages 
from 20 cps to 200 kc.

★ High Sensitivity . . . 1-niv minimum 
input level, corresponds to 0-db 
point on chart paper.

Four Pen Writing Speeds ... 1,3, 
10, and 20 in/scc (10, 30, 100, and

Write for Complete Information

RADIO COMPANY
WEST CONCORD, MASSACHUSETTS

★ Input Ranges . . . 40 db . . . 20-db 
and 80-db ranges provided by ac
cessory plug-in Potentiometers . . . 
0.8v full scale for de recording, 
with accessory Linear Potentiom
eter.

★ Rms Response . . . preferable to 
peak or average response, as it is 
more nearly independent of input 
signal waveshape.

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

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

200 db/scc with 40-db Potentiom
eter) with less than 1-db overshoot.

★ Four Paper Speeds . . . 2.5, 7.5, 25, 
and 75 in/min. Accessory slow- 
speed motor provides speeds from 
2.5 to 75 in/hour. Recorder can be 
driven in reverse as well as forward.

★ Static Accuracy is better than Hi" 
or 0.4% of full scale; fast servo 
system with low overshoot pro
vides excellent dynamic accuracy.

★ Input Impedance ... 10 kQ for ac 
level recording, 1 kQ for de re
cording.

★ Can be either 
mounted.

★ Drive and Link Units available for 
coupling to generator or analyzer; 
chart papers available calibrated 
linearly, logarithmically, or for use 
with G-R Sound Analyzer.

LEVEL VS FREQUENCY 
Paper drive read
ily couples to the 
frequency-control 
shaftofa generator 
or analyzer to pro
duce frequency re
sponse plot auto
matically.

DC VS TIME . . . Easily con
verts to a linear de re
corder capable of plotting 
instantaneous value of 
waveform from de to 10 c.

The Type 1521-A Graphic Level Recorder* provides permanent 
ink records of the response of electronic and electro-acoustical 
devices as a function of either frequency or time. It can also be I 
used as a linear de recorder.
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★ 60-db Calibrated Attenuator 
changes 0-db level from 1 mv to Iv 
in 10-db steps.
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