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Cover: Focus is on visual processing in insects, and visual responses to 
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Page 5: Stanford’s Bernie Widrow talks to the Electronic Computers chapter 

about his Adeline adaptive information‐processing system, work he is 
doing with Ted Hoff (who goes on to invent the microprocessor at Intel).   
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TEAR STRENGTH 

(GRAVES TEST) 
per ASTM D 1004-49T

1.5 MIL 
CELLULOSE 

ACETATE
0.4

E. I. du Pont de Nemours & Co. (Inc.)
Film Department, Room -12, Wilmington 98, Delaware

Please send free, 12-page booklet of comparative test data 
to help me evaluate magnetic-tape reliability.

Name____

Company.

Address

City
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Better Things for Better Li/ing . . . through Chwiuty

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

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

Unstable tape can cup or ruffle—cause read/ 
write errors because the tape loses contact with 
the recording and playback heads. Dimension- 
ally stable ‘"Mylar”* polyester film base pre­
vents tape cupping or ruffling. It does not shrink 
from dryness or swell from excess humidity, but 
maintains the original width and flatness of 
the tape.

“Mylar” is strong . . . has an ultimate break 
strength over 20,000 psi! Tapes of “Mylar” can 
resist edge nicks, stretching or breaking from 
sudden stops and starts. And since it contains 
no plasticizer to dry out, tapes of “Mylar” can 
be stored indefinitely without becoming brittle.

A stable tape assures accurate data acquisi­
tion—helps prevent costly read/write errors and 
loss of valuable test data. Tapes of “Mylar” 
have this stability. To be sure you’ll get the 
best performance, insist on a base of "‘Mylar” 
on your next order for magnetic tape. Write 
for the free booklet on comparative test data. 
Du Pont Company, Film Dept., Wilmington 
98, Delaware.
♦"Mylar” is Du Font’s registered trademark for its brand of polyester film. Only 
Du Pont makes "Mylar”.
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Many engineers who have tested the new 
120B feel it is perhaps the easiest-to-use, 
most widely versatile, and highest value 
commercial 450 KC scope ever offered. 
Why not confirm their opinions with 
a test on your own bench.
Data subject to change without notice. Prices f.o.b. factory.

SPECIFICATIONS: Model 120B combines minimum 
controls with ($) automatic triggering for utmost 
speed, convenience. Horizontal amplifier de to 300 
KC, phase-shift within ± 2°. More X-axis information 
due to horizontal amplifier sensitivity control, 5% 
accuracy. Times-5 sweep expander, all ranges. 15 
calibrated sweeps, 5 psec/cm to 200 msec/cm. Ver­
nier for continuous adjustment of sweep time be­
tween calibrated steps, extends slowest sweep to at 
least 0.5 sec/cm. 10 mv/cm sensitivity calibrated 
vertical amplifier, drift-free trace. Balanced input on 
most sensitive range for noise rejection at low levels. 
Model 120B in new modular design for rack or bench 
use, $475.00. Accessories available.

■■■■Il 
mins

Perfectly linear signal reads' perfectly. 
Exclusive ($) development places cali­
brating graticule in identical inside 
plane with trace. Since trace and 
graticule are on the same plane, there 
is no reading error— even at wide 
viewing angles.

Conventional scopes have calibrating 
graticule a full inch in front of trace. 
Note identical signal on old-type 
cathode ray tube. Parallax is inescapable 
and errors up to 5% are possible.

HEWLETT-PACKARD COMPANY CONTACT OUR ENGINEERING REPRESENTATIVES, NEELY ENTERPRISES-Lo. Angele., 3939 lank.r- 
shim Blvd., North H'wd., TR 7-1282 and PO 6-3811; San Francisco, 501 Laurel St., San Carlos, 591-7661; Sacramento, 1317 Fifteenth St., Gl 2-8901; San Diego, 1055 
Shafter St., AC 3-8103; Scottsdale, 771 S. Scottsdale Rd., 945-7601; Tucson, 232 So. Tucson Blvd., MA 3-2564; Albuquerque, 6501 Lomas Blvd., N.E., 255-5586; Las 
Cruces, 114 S. Water St., 526-2486. • LAHANA & CO.—Denver, 1886 S. Broadway, PE 3-3791; Salt Lake, 1482 Major St., HU 6-8166 • ARVA, Inc.—Seattle, 1320 
Prospect St., MA 2-0177; Portland, 2035 S.W. 58th Ave., CA 2-7337 • EARL LIPSCOMB ASSOCIATES—Dallas, 3605 Inwood Rd., FL 7-1881 and ED 2-6667; Houston 
3825 Richmond Ave., MO 7-2407.

7«M

This new 120B Oscilloscope combines 
more actual measuring help and desirable 
features than any 450 KC scope ever 
produced. Not only are reading error from 
parallax and distracting reflections 
eliminated, but you have a genuinely 
unique array of electrical and convenience 
features for measurements from 
de to 450 KC.

NEW, MO-PARALLAX WOB 
easiest-to-use, surest-reading

450 KC OSCILLOSCOPE

february IS, 1963
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Ceramics to infinity

WESGO — Where Quality is the Chief Consideration

f e b r u a r y 1 J , 19 6 52 — K r id

I

It’s that time again!
We are staffed to aid you with 

production of your advertising ma­
terial—from its inception through 
the printed literature you will need 
—or any part of it.

LETS HAVE 
A 0ALL! .

HE SAIO THIS ROOM IS 
GOOD ENOUGH-THAT

NOIU HE‘5 SO 
MAO he DOESN'T 
kNOCU tUMAT 

HE'S DOING

f HOU) ABOUT 
THIG- HE'LL y

THE NATIONAL PRESS
• designers • lithographers 

printers • publishers
850 Hansen Way • Palo Alto, California
Telephone 325 - 3294 - 3295
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Wesgo capability can provide an endless number of 
shapes and forms in quality high alumina ceramics 
for your most demanding applications.
Dense, vacuum-tight Wesgo alumina ceramics, with 
up to 99.5% ALO3, are strong, hard and abrasion re­
sistant. They offer high thermal conductivity, excep­
tional chemical inertness and superior electrical 
properties at microwave frequencies—even at high 
temperatures.
Wesgo ceramics are available in sizes and shapes to 
meet your individual specifications. Manufacturing 
is to tight dimensional tolerances; parts are of uni­
form density, free from internal and surface defects. 
All are quality controlled to meet unparalleled per­
formance standards.
Write today for a brochure describing these premium 
ceramics or Wesgo’s precious metal brazing alloys

ERIK A. LINDGREN & ASSOCIATES, INC. 
4515-17 N. RAVENSWOOD AVE. 

CHICAGO 40, ILLINOIS

\ WESTERN GOLD & 
feSOO] PLATINUM COMPANY

/ y Dept. G-2, 525 Harbor Blvd., Belmont, California

-----LYtell 3-3121 Area Code 415

IF WU NEED HIGH PERFORMANCE 
DON'T WASTE THE TIME AND 
TEMPER OF YOUR ENGINEERS

‘BUY A LHVDGPEIW
DOUBLE ELECTRICALLY ISOLATED R. F. ROOM

NEW YORK
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A comprehensive listing of Zener 
Voltage Regulators by JEDEC and 
House Numbers. Prepared by In­
ternational Rectifier.
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Chairman—Peter Lacy 
Wiltron Co., 717 Loma Verde, Palo Alto

Vice Chairman—Charles Susskind
Cory Hall, University of California, Berkeley 4

Secretary—Alan T. Waterman, Jr.
Stanford University

SEND FOR FREE
24-PAGE BOOKLET

■

Meetings Ahead (PGEC/SFS, PGRQC) 

Feature: The Worried Deans . . . .

BRILL 
ELECTRONICS 
ZENER LOCATOR 

and Cross Reference Guide

Meeting Reviews (PGBME, PGMIL) .

Section Membership—Grade Changes, 

Index to Advertisers

theory for the neural basis for be­
havior, according to Dr. James 
Bliss of SRI and PGBME. For more 
about visual processing in insects, 
see page 7.

LIXUS BLAKEAE CHITTENDAN 
and his electroretinograms (ERG's) 
showing visual response to 600 
strobatic light pulses per minute 
may lead to development of a
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MEETING CALENDAR

8:00 P.M. • Tuesday, March 5

reporters

PROFESSIONAL GROUPS:

AUDIO: HERB RAGLE, AMPEX CORP.

• Wednesday, March 27

8:00 P.M. • Tuesday, March 5

8:00 P.M. • Tuesday, February 19
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EAST BAY SUBSECTION
N. K. (GENE) LITTLE. LAWRENCE 
RADIATION LABORATORY

AUTOMATIC CONTROL: A. S.
McALLISTER, SAN JOSE STATE 
COLLEGE

ANTENNAS AND PROPAGATION:
ROLF B. DYCE, STANFORD 
RESEARCH INSTITUTE

MILITARY ELECTRONICS:
VICTOR A. CONRAD, VARIAN 
ASSOCIATES

COMMUNICATIONS SYSTEMS:
MAURICE H. KEBBY. LENKURT 
ELECTRIC COMPANY

CIRCUIT THEORY: R. E. KIESSLING, 
in LABORATORIES

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

ELECTRON DEVICES: MAHLON 
FISHER. SYLVANIA. MICROWAVE 
DEVICE DIVISION

ELECTRONIC COMPUTERS: WILLIAM 
DAVIDOW. GENERAL ELECTRIC 
COMPUTER LABORATORY

ENGINEERING MANAGEMENT: 
LEONARD M. JEFFERS. SYLVANIA

BROADCASTING: BEN WOLFE, KPIX- 
TV

Wednesday, March 13

Space Navigation and Data

• Wednesday, April 10 

on Third International

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

INFORMATION THEORY: CHARLES
H. DAWSON, PHILCO W. D. L.

INSTRUMENTATION: JAMES HUSSEY, 
GENERAL RADIO COMPANY

Antennas & Propagation 8:00 P.M.
Lecture No. 3: "Laser Techniques and Applications" 
Speaker: Professor Anthony Siegman, Stanford University 
Place: Physics Lecture Hall, Stanford University
Dinner: To be announced

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

Quantum-Electronic Conference, Paris, 1963"
Speaker: Dr. Malcolm Stitch, Hughes Aircraft Co., Culver City 
Place: Physics Lecture Hall, Stanford University
Dinner: To be announced

Antennas & Propagation 8:00 P.M. • Wednesday, March 13
Lecture No. 2: "Gas Discharge and Semiconductor Lasers"
Speaker: Dr. Arnold Bloom, Spectra-Physics Inc., Mountain View
Place: Physics Lecture Hall, Stanford University
Dinner: To be announced

Antennas & Propagation 8:00 P.M. • Wednesday, February 27
(Four-part Tutorial Lecture Series: "Laser Theory, Technique, and Application

—Joint with PGEC, PGMTT, and PGSET)
"Optically Pumped Lasers—Cesium Vapor to Solid State"
Speaker: Professor Arthur Schawlow, Stanford University
Place: Physics Lecture Hall, Stanford University
Dinner: Information and reservations, Darlene Wheeler, DA 6-6200, Ext. 2695

february 15, 7963

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

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

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

RELIABILITY AND QUALITY CON­
TROL: W. WAHRHAFTIG, PHILCO 
CORPORATION

SPACE ELECTRONICS AND TELEM­
ETRY: TOM LINDERS. LOCKHEED

HISTORIAN: EARL G. GODDARD, 
VARIAN ASSOCIATES

Engineering Writing & Speech
"Good Telephone Usage"
Speaker: Miss Kathy Mijares, service consultant for the Peninsula Division of

Pacific Telephone
Reservations: Mrs. Marje Andrews, DA 1-3300, Ext. 273
Place: Sylvania Electronic Systems, West, Bldg. 2, 123 N. Whisman Road, Moun­

tain View
Dinner: 6:1 5 P.M., Chez Yvonne, 1 854 El Camino Real, Mountain View
Reservations: Paul Jensen, YO 8-6211, Ext. 2795, or Robert Howland, EX 9-

2951, by noon Mon., Feb. 1 8

production staff
EDITORIAL ASSISTANT: DORIS GOULD

ADVERTISING ASSISTANT: CAROLE
POWELL

SAN FRANCISCO SECTION
(Joint meeting with PGEC, see below)

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

Electronic Computers 8:00 P.M. • Wednesday, Feb. 27, Mar. 13,27
(Tutorial Lecture Series: Joint with PGAP, PGMTT, and PGSET, see above)

Engineering Management
Speaker: Dr. Walter H. Schwidetsky, Manager,

Systems, General Dynamics/Astronautics 
Place: Rickey's Hyatt House, Palo Alto
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Product Engineering & Production 7:45 P.M. • Tuesday, February 26
"Production Engineering and Production for Semiconductor Integrated Circuits 

Micrologics"
Speaker: Millard H. Phelps, Jr., Micro-circuits

conductor
Place: Fairchild Conference Room, 545 Whisman Road, Mountain View
Information: W. Dale Fuller, DA 4-331 1, Ext. 45821

Microwave Theory & Techniques 8:00 P.M. • Wednesday, Feb. 27, Mar. 13, 27 
(Tutorial Lecture Series: Joint with PGAP, PGEC, and PGSET, see above)

Microwave Theory & Techniques 8:00 P.M. • Wednesday, February 20
"A Step-Recovery Diode Microwave Frequency Mark Generator"
Speaker: Robert B. Mouw, engineer, microwave division, Melabs, Palo Alto
Place: Physics Lecture Hall, Room 100, Stanford University
Dinner: 6:00 P.M., Happy Hour; 6:30 P.M., Dinner, Red Shack, 4085 El Camino

Way, Palo Alto
Reservations: 324-0631

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

Information Theory
"On Multivariate Prediction"
Speaker: Dr. Frederick J. Beutler, University of Michigan
Place: Philco Auditorium, Bldg. 56, 3825 Fabian Way, Palo Alto
Dinner: 6:00 P.M., Sakura Gardens, 21 16 N. El Camino Real, Mountain View 
Reservations: Mrs. Radi. YO 8-621 1, Ext. 2460, 2522, or 2244

Instrumentation 8:15 P.M. • Wednesday, February 27
Lecture No. 2: A panel discussion moderated by Dr. J. W. Muehlner, senior 

member, communications & controls research, electronic sciences laboratory, 
Lockheed Missiles & Space Co.

Place: Lockheed Missiles & Space Co., Bldg. 202, 3251 Hanover St., Palo Alto 
Dinner: 6:15 P.M., L'Omelette Restaurant, 4170 El Camino Real, Palo Alto 
Reservations: Mrs. Marje Andrews, DA 1-3300, Ext. 273

Bernard Widrow 

meeting ahead

ADALINE REVISITED

Practical applications for adaptive 
circuits and systems will be covered 
at the March 5 joint PGEC/SFS meet­
ing, when Professor Bernard Widrow 
of Stanford will report on the progress 
of Adeline and Madeline I. The 8:00 
p.m. gethering in Physics 101 on 
cempus will be preceded by e < 
p.m. dinner.

Three mein ceuses heve motiveted 
the development of edeptive informa­
tion-processing systems, according to 
Professor Widrow:

Automation of system design, 
systems being taught instead of 
being designed or programmed. 
Self-adaption to changing signal 
environments and performance 
requirements, to acquire com­
petency beyond that trained in 
by the teacher. Reliability im­
provement in electronic system 
means of "self-healing" redun­
dant and adaptive circuits.

A basic building block for adap­
tive decision-making systems is 
an automatically adapted threshold 
logic element called "Adaline." Net­
works of these elements have been 
at Stanford in a variety of practical 
applications.

• A speech-recognition system has 
been constructed that can be 
trained to type out spoken words 
with a reliability in excess of 98 
percent on vocabularies of 10 
words.

• An Adaline has been trained on a 
very limited amount of data to 
forecast rain or no rain 24 hours 
into the future for San Francisco 
during the rainy season with a re­
liability approaching that of the

(Continued on page 6)
Space Electronics & Telemetry 8:00 P.M. • Wednesday, Feb. 27, Mar. 13, 27
(Tutorial Lecture Series: Joint with PGAP, PGEC, PGMTT, see above)

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

ments"
Speaker, place to be announced

february 15,

Instrumentation 8:15 P.M. • Wednesday, May 29
Lecture No. 5: "Instrumentation for Man in Space"
Speaker, place to be announced

8:00 P.M. • Thursday, February 28

8:15 P.M. • Wednesday, April 24
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the STWP MEET
Second annual seminar on technical 

writing and publishing will take place 
at Stanford on Saturday, March 2, un­
der co-sponsorship of the department 
of communications and journalism and 
GG chapter of STWP, including 
morning, luncheon, and afternoon ses­
sions, all for $7.50. Quality assurance 
for space-age technical publications 
is theme.

The ability to self-repair by adapt­
ing around its own internal flows is an 
inherent property of systems that are 
adaptive "from the ground up." An 
experimental machine (Madeline I) 
was trained to make very complex 
pattern discriminations in spite of the 
fact that 25 percent of its circuitry 
was totally defective.

This field of research has motivated 
the invention of new electronic com­
ponents and circuits. The necessary 
analog memory functions are pro­
vided by magnetic or by electro­
chemical (memistor) elements. Adap­
tive machines will be demonstrated 
at the meeting.

Kenneth Al. Hall 

meeting ahead
SYSTEMS EFFECTIVENESS

The PGRQC meeting for February 
will feature Ken Hall of Sylvania on 
"Systems Effectiveness Models." The 
meeting will be held at the Stanford 
Physics Lecture Hall Room 101 at 
8:00 p.m., February 20, 1963.

This discussion will present some of 
the problems which are encountered 
in determining the effectiveness of 
various systems. It will be shown that 
measures which adequately describe 
the worth of one system may be 
totally inadequate for another sys­
tem. An example will be given to 
illustrate typical measures of worth 
and to discuss various methods which 
can be used in obtaining these.

Kenneth M. Hall is a senior engi­
neer in the reliability analysis section 
of the Western operation of Sylvania 
Electronic Systems in Mountain View. 
He received the B.S. in physics from 
Washington State University, the 
M.S. in mathematics from San Jose 
State, and is continuing graduate 
study in statistics at Stanford.

worried deans

ENROLLMENTS STILL DROPPING

Third in a series of articles de- 
voted to the engineering candidate 
lag, a problem of increasing con­
cern to educators and the entire 
profession.

Enrollments in freshman engineer­
ing curricula dropped again alarm­
ingly in the United States last fall 
despite widespread efforts by gov­
ernment and private agencies to 
counter the decline.

The continuing lack of interest by 
young America in engineering as a 
career was shown in a study of enroll­
ment reports published in the Decem­
ber 1962 issue of the ISA Journal, of­
ficial trade publication serving the 
instrumentation and automatic-con­
trol industry.

Even pessimists upset
"Even the most pessimistic predic­

tions of manpower experts were up­
set," the ISA Journal said, when only 
about 66,000 freshmen enrolled in 
the nation's engineering schools for 
the first semester for the 1962-63 
term. This compares with total enroll­
ments of approximately 68,000 in the 
fall of 1961 and the fall of 1960.

Taking into account normal drop­
outs and changes in curricula made 
by students, the ISA Journal report 
said "the class of 1966 will have only 
slightly more than 28.000 engineering 
graduates."

This is counter to an 
"pessimistic" study on 
demand released six months ago by 
the Engineering Manpower Commis­
sion that recognized a continuing, but 
much more gradual, decline in engi-

MORE PGEC/SFS
best in human weather prediction.

• The linearly separable logic func­
tions realized by Adaline are use­
ful in controllers for certain bang­
bang control systems. A "broom­
balancing" machine has been sta­
bilized by an Adaline which can 
recognize patterns in "state space," 
and can make control decisions ac­
cording to a previously learned 
strategy.

• A theoretical study has shown how 
the effectiveness of redundancy 
can greatly be enhanced in increas­
ing the reliability of digital systems 
by using Adaline as an adaptive 
majority vote-taker.

neering enrollment. EMC estimated in 
June that 33,200 engineers would 
graduate in 1966 and that the class 
of 1970 would count 29,000 engineers 
in its ranks, with the average grad­
uating class for the decade running 
to about 3 1,000.

"Now it appears that the commis­
sion must lower its sights," the ISA 
Journal commented.
Supply and demand

The article said many observers, re­
calling unfounded predictions of en­
gineering shortages in the late '40's, 
wonder if supply simply is adjusting 
to demand. It also pointed out, how­
ever, that the NASA alone wants 
1000 Ph.D. engineers and scientists 
per year by 1970.

"The first of those men will receive 
their B.S. degrees in 1966, and some 
industrial recruiters worry about what 
this effect alone will have on the sup­
ply of top men," the ISA Journal 
stated.
Deans blame standards

"The reason for the continuing de­
cline puzzles experts, in light of bur­
geoning college enrollments for all 
curricula. Engineering deans claim 
that higher entrance requirements 
are the reason. But EMC also em­
phasized the decline of war veteran 
enrollment and dilution of intellectual 
capacity and stamina among enter­
ing freshmen."

The article also cited a study by 
interviewers at a U.S. Navy research 
station which "put the finger on poor 
high-school preparation, tough col­
lege courses, lack of drive, and cost" 
as reasons for declining engineering 
enrollment. One of three engineers I 
interviewed by the Navy also men- - 
tioned low salary.

"Whatever the reason, and despite j 
the attention given to the decline, 
high-school graduates in the space 
age do not see engineering as a ' 
promising career," the article con­
cluded.
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of many, to provide the optimum in Engineering skill.
LET US HEAR FROM YOU...

on 
in-

ELECTRONICS DISTRIBUTORS

ECH-STOK
INC.

Il

Laboratory tor Electronics. Inc.
Boston. Massachusetts 

Narda Microwave Corp.

Optimized Devices. Inc.
Thorn-wood. New York

• San Oiego, 
ACademy 4

ttronics Corp, 
ms. New Jersey

California 
ration 
mnesota

/ e b r u a

O’
Paradynam.cs. Inc.
Huntington Sta.LI .New Yorkj 
Radiation at Stanford
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Paio A;to. California

Working together as a TEAM, to 
serve you as an Individual!

Dr. Bliss stated that the beetle is 
an excellent experimental animal. This 
is because nerve systems composed 
of relatively few large units are com­
mon in insects. Also, the nervous sys­
tem is arranged so that the coordinat­
ing mechanisms for different types of 
behavior are distributed in well- 
separated regions. And from a prac­
tical standpoint, the beetle Lixus is 
numerous, inexpensive, and hardy.

The visual system of these insects 
is the basis for complex behavior. Ac­
cording to the speaker, studies of the 
visual information processing in in­
sects may lead to development of a 
theory for the neural basis for be­
havior. This theory could inspire the 
development of artificial systems that 
perform sensory functions.

A basic experiment performed on 
the beetle is the "rotating drum" ex­
periment. In this experiment, the 
beetle is suspended off the floor from 
above and is allowed to hold a Y-maze 
globe with his feet. The Y-maze globe 

(Continued on page 8)

BURROUGHS CORP. - ELECTRONIC COMPONENTS DIVISION
We are now west coast distributor for Burroughs readout devices and carry a wide 
variety of NIXIE® indicator tubes, counters, bezels, TRIXIE® low voltage transistor 
drivers for NIXIES, and BEAM-X® tubes for immediate delivery.
ELECTRONIC RESEARCH ASSOCIATES
We carry a broad line of ERA solid state modular DC power supplies in a variety of 
voltages and currents. Check our supply if you need power supplies in a hurry.
AMMON INSTRUMENTS, INC.

aOur ,ine of Ammon Panel meters the new patented self-shielded mechanism 
makes possible the largest scale-per-meter-size made, the highest torque-to-weight 
ratio of any meter and an exceptionally high order of linearity. All these features 
plus crisp new styling make this the best meter buy on the market
WELDMATIC
Our line of electrodes and other accessories for WELDMATIC precision welding equip­
ment are on the shelf for immediate delivery.
WEMS, INC.
We stock WEMS welded module production accessories including punches, cut wire 
and ribbon, lightweight potting compounds and freeze coat material.

Tech-Stok provides local engineering assistance on all product lines and in most 
cases can make modifications to meet your requirements.

meeting review

ALL ABOUT LIXUS

"The Visual System of the Beetle" 
was the subject of discussion at the 
December PGBME meeting at Stan­
ford.

Dr. James Bliss discussed behavioral 
experiments he has performed on the 
beetle Lixus. Dr. Bliss is a research 
engineer at Stanford Research In­
stitute and is engaged in bioengineer­
ing research. The talk is the outgrowth 
of a continuing program at SRI 
visual information processing in 
sects.

Experiments indicate that special 
information processing takes place in 
the eye of the beetle. Specifically, 
the processing involves autocorrela­
tion. The speaker presented mathe­
matical analysis which described this 
information processing.
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MANAGERS

B.S., M.S., Ph.D.
Top openings for:

CIRCUIT DESIGNERS 
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Write/phone:
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PULSE ENGINEERING, 
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Santa Clara, California
248-6040
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to our Client Companies’ 
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to you, submit resume 
or phone for appointment

If in addition you have a 
business degree and/or sales 
experience — you are even 
more interesting to us.

You would be a key man in 
this new business and share 
in both the problems and the 
rewards — this means there 
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possibilities too.
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is a small, spherical tetrahedron which 
can be easily held by the beetle. As 
the beetle voluntarily "walks" the 
Y-maze globe under him, he is con­
stantly confronted with a fork, or 
division, in his path. At each division 
a decision must be made. The sus­
pended beetle, with his portable path, 
is placed at the center of a rotating 
drum. The tendency to turn right or 
left depends upon movement in the 
visual field. A quantitive measure of 
the response can be defined as 
W — A
\a/ | aJ where W is the number of 

choices in the direction of, and A is 
the number against, the movement in 
the visual field, e.g., the rotating 
drum.

The variables in the experiment are 
the stripe spacing on the drum meas­
ured as wavelength in degrees, 
drum rotating speed measured in 
grees/second.

Experiments show that there is a 
definite, positive reaction for wave­
lengths of 4 and 1 8 degrees, increas­
ing as drum speed increases. A 6- 
degree wavelength gives a negative 
reaction. Wavelengths of 8 and 12 
degrees gave near zero reactions.

An interesting application of photo 
transistors was made to keep track 
of the direction the beetle turned. 
Two light beams were positioned so 
that when the Y-maze globe is turned 
by the beetle, light is intersected and 
the corresponding photo transistor 
activates a relay. The reactions are 
thus read directly on counters.

Additional experimental work in­
volved electrical recordings. These 
recordings are called electroretino- 
grams (ERG's). To obtain recordings, 
a micropipette was placed in the dor­
sal margin of the beetle's eye. A 
visual stimulus from a strobe-light at 
about 100 pulses per second caused 
ERG responses. These responses, when 
viewed on a scope, appeared to be 
delayed from the visual stimulus by 
about 16 milliseconds. An electrical 
network that approximates the ERG 
data was formulated.

The talk by Dr. Bliss was followed 
by an enlightening discussion. It ap­
peared that no one left the meeting 
unconvinced of the worth of research 
along these lines.

If you have a BSEE (or more) 
and have had design/devel- 
opment responsibility on 
electronic test equipment, 
we would like to talk to you.

Ground floor opportunity for 
key man in a new instrument 
division of an established 
electronics company.
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SPECIFIC PRODUCTS
P.O. BOX 425 21051 COSTANSO ST. X

WOODLAND HILLS, CALIF.
DIAMOND 0-3131 AREA CODE: 213

Prices & specifications subject to change

PROFESSIONAL 
AND TECHNICAL 
RECRUITING 
ASSOCIATES
(A division of the Permanent 
Employment Agency)

825 San Antonio Road 
Palo Alto, California 
DA 6-0744

FORUM
PERSONNEL AGENCY

378 Cambridge 
Palo Alto 
California 
321-6582

Drop in for a 
ABACUS

and learn about the 
opportunities for career 
advancement with our 
many client firms on both 
the West and East Coast.

Engineers...

AT FORUM
Professionals 
serve the needs of 

Professionals

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

All transistorized for utilizing WWV and 
WWVH broadcasts. Frequencies to 25 mc- 
crystal controlled. Rack 31/2"xl9"x51/2".
Battery power $560 AC power supply $590 
Portable WWVT (9"xl2"x5") available $590

MODEL WWVC COMPARATOR
Highly sensitive (1 ^v) crystal controlled 
receiver for utilizing WWV and WWVH trans­
missions in precision audio and radio 
frequency work and time interval measure­
ments. 2" oscilloscope, 3" speaker.
51/4" x 19" x 9y2" rack mount ......... $790
Cabinet model......................................... $850

MODEL SR7-H WWV RECEIVER

Dual conversion type. S meter, phone jack 
and speaker. Noise limiter, antenna trimmer, 
and provision for oscilloscope or headphones. 
V/z" x 19" x 81//' rack mount or 3*4" x 
12" x 8y2" bench model..................... $345

PAPERS CALL
Apr. 15: (1) Three copies of a 100- 

to-200-word abstract, including title 
of paper, name and address of 
author; (2) three copies of a 500-to- 
1000-word summary of the paper 
which identifies "related work" and 
"new contributions"; (3) indication of 
the technical field in which the paper 
falls (use IRE professional group 
classification to aid rapid distribution 
to reviewers). Technical program 
chairman: Dr. Jerre D. Noe, 1963 
WESCON, Suite 2210, 701 Welch 
Road, Palo Alto, Calif.

for a l/2-cu.-ft., 35-lb., 75-watt com­
puter that would have 15,000 words 
of nondestructive readout, 2000 
words of destructive readout, 5000 
words of associated (or scratch path 
memory), a two-megacycle bit rate, 
5-microsecond addition time, and 25- 
microsecond multiplication time. This 
device would also carry a rating of 
10,000 hours mean time before fail­
ure. Captain Van Dusen indicated 
that such a computer would be re­
quired in space craft of this era for 
data management of space-craft.

JEROME J. DOVER

raising 
figures

In the microminiaturization 
since we are rapidly reaching 
teau in reduction of component size, 
integrated circuits or "functional elec­
tronic blocks" developed primarily 
for space-borne computer applica­
tions make possible reductions in the 
order of 500:1 of computer size. The 
advantages of this size reduction in 
power, air-conditioning, and installa­
tion costs are obvious.

The second part of his talk postu­
lated (after 1970) the requirement

meet i ng re v i e w

SPACE COMPUTER SPECS
PGMIL started a new year with an 

outstanding meeting that featured a 
talk by Captain John H. Van Dusen 
of the United States Air Force Space 
Research Directorate. His dual topics 
were, "Non-Space Application for 
Space Computer Technology" and 
"Future Requirements for Space-Type 
Computers."

In the reliability area, particularly, 
circuits have been developed that are 
able to absorb inevitable component 
failures. This "failure tolerance tech­
nique" in design makes possible the 

mean time before failure 
an order of magnitude.

area, 
a pla-

MEASURE AND 

STANDARDIZE 

FREQUENCIES 
TO ONE PART IN 10 BILLION! 

MODEL VLA Receiver Phase Comparator 
and MODEL SRA Servo Phase Shifter 

make an automatic system for standardizing 
local frequencies to VLF standard frequency 
broadcasts. Graphic records of corrections 
made to local oscillator signals. Uses inex­
pensive oscillators. Each unit 31//' standard 
rack panel. 
MODEL VLA $1490 MODEL SRA $1990 

Three frequency receivers now available
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It’s that time again!
We are staffed to aid you with 

production of your advertising ma­
terial—from its inception through 
the printed literature you will need 
—or any part of it.

one 
always 
stands 
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1949 GREENSPRING DRIVE • TIMONIUM. MD. 
CVearbrook 2-2900

SPECIAL FUNCTION 
BOARDS

THE NATIONAL PRESS 
designers • lithographers 

printers • publishers
850 Hansen Way • Palo Alto, California 
Telephone 325-3294-3295
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Canzoneri Brooks

J

Standard families 
of digital modules 
to 250 KC and 2 
MC; power supplies; 
special function 
boards such as shift 
registers, serial add­
ers, counter de­
vices, decoders 
and displays.
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Richard M. Canzoneri has been 
named manager of transducer engi­
neering for the Western facility of 
the electronics division of Baldwin- 
Lima-Hamilton Corp.

Rex E. Brooks, formerly vice pres­
ident of Electro Engineering Works, 
San Leandro, has been appointed vice 
president and general manager of 
Compar San Francisco, Inc., accord­
ing to Charles E. Ault, president of 
the northern California affiliate of 
Compar Corp., national electronic 
component marketing organization.

Gordon Westwood, branch man­
ager of Carl A. Stone Associates, an­
nounces representation of AD-YU 
Electronics Labs. Inc., effective Feb­
ruary 11.

WALTER ASSOCIATES
Electronic Sales Engineers 

Post Office Box 790 Menlo Park, Calif.
DAvenport 3-4606

PHYSICISTS AND 
MICROWAVE 
ENGINEERS

Stanford Research Institute is per­
forming research for government and 
industrial clients in the following 
areas:

* Lasers
* Microwave Components
* Low- and High-Power 

Microwave Filters
* Solid-State Filters
* Parametric Devices
* /Lntennas

Physicists or Microwave Engineers 
interested in combining theoretical 
and experimental research in these 
areas are invited to inquire about 
current opportunities.
Enjoy industrial-level salaries and 
benefits in a university-type research 
atmosphere.

DA 6-6200, EXT. 3440
STANFORD RESEARCH 

INSTITUTE
333 Ravenswood, Menlo Park

An equal opportunity employer

grid swings
IT IS REPORTED:

Jon (cq) W. Wilcox has been ap­
pointed supervisor of public relations 
for Varian Associates, responsible for 
the Palo Alto operation and five sub­
sidiary companies. He received the 
M.A. in communications-journalism in 
1959. joining the company that year 
as magazine editor.

John Jipp has been appointed a 
vice president of Precision Instru­
ment Co. and will also serve as mar­
keting manager of the magnetic re­
corder manufacturer, after nine years 
m a similar capacity with Ampex and 
other experience with Motorola com­
munications division and the U.S. 
Signal Corps.

MARCH
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Specialized digital 
circuits and data 
processing equip­
ment to customer’s 
requirements or 
specifications at 
"off-the-shelf” de­
livery and prices.
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Artwel Electric, Inc.
1485 Bayshore Blvd., 
San Francisco; JU 6-4074

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

American Wireless
22 Devonshire Blvd., 
San Carlos: 591-6260

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

Compar San Francisco
120 Santa Margarita 
Menlo Park; DA 6-1760

McDonald Associates 
716 Wilshire Blvd., 
Santa Monica; 394-6610

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

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

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

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

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

R. W. Thompson Associates 
Peninsula Associates 

. Carl A. Stone Assoc., Inc.
Compar San Francisco 

.................G. H. Vaughan Co. 
.......... McCarthy Associates 

James S. Heaton Co. 
...Carl A. Stone Assoc., Inc. 
..................... West Eleven, Inc.

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

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

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

Maier Co., Tom G.
Suite 276, 375 S. Mayfair Ave-
Daly City; PL 5-5566

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

IMC Magnetics Corp  
Industrial Instruments, Inc.- 
Inland Motor Corp  
International Resistance Co

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

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

. ..Birnbaum Sales Co. Inc. 
Neely Enterprises 

.....................G. H. Vaughan

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

. ..Birnbaum Sales Co. Inc. 

...Tom G. Maier Company 

................Walter Associates 
......... ........West Eleven, Inc. 

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

............. T. Louis Snifter Co. 
O'Halloran Associates 

Carl A. Stone Assoc., Inc. 
....................W. K. Geist Co.

O'Halloran Associates 
..........James S. Heaton Co.

Carl A. Stone Assoc., Inc. 
....................... Costello & Co.

Tom G. Maier Company 
............Perlmuth Electronics 
.............Perlmuth Electronics
...................... V. T. Rupp Co. 

T. Louis Snitzer Co. 
.....................W. K. Geist Co. 
..............Jay Stone & Assoc. 

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

Neely Enterprises 
W. K. Geist Co. 

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

R. W. Thompson Assoc. 
.....McCarthy Associates 
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..............Neely Enterprises 

.... James S. Heaton Co. 
...............W. K. Geist Co. 
.............Walter Associates 
...................V. T. Rupp Co.

Richard A. Strassner Co. 
...................G. H. Vaughan 
.................. Costello & Co. 

J. Logan & Assoc

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

...........T. Louis Snifter Co. 

.................... V. T. Rupp Co. 
Tech-Ser, Inc. 

.Richard A. Strassner Co.

.....................Jay Stone & Assoc. 
.............R. W. Thompson Assoc. 
.............. W. K. Geist Company 
Carl A. Stone Associates, Inc. 

Wright Engineering

J. Logan & Assoc. 
J. Logan & Assoc. 

.... Long & Assoc., Inc. 
James S. Heaton Co. 
... Long & Assoc., Inc. 

Peninsula Associates

Dynamic Associates 
101 1-D Industrial Way. 
Burlingame: 344-1246

J-Omega Company  
J-V-M Microwave

Keithley Instruments  
Kepco, Inc  
Kina-Technics International 
Kulka Electric Corp

Accurate Instrument Co  
Ace Engineering & Machine Co.... 
Adcom Corporation  
AD-YU Electronics Labs, Inc  
Airborne Instruments Laboratory 
Aircom, Inc Components Sales California, Inc. 
Airflow Company Richard A. Strassner Co. 
Alan Electronics Tech-Ser, Inc. 
Alfred Electronics Moxon Electronics 
Ammon Instruments, Inc ...................................... ... Tech-Ser, Inc.
Antlab, Inc Jay Stone & Assoc. 
Applied Research, Inc Jay Stone & Assoc. 
Applied Technology, Inc Moxon Electronics 
Arizona Instruments .....................West Eleven, Inc.
Arra West Eleven, Inc. 
Astrodata, Inc Moxon Electronics 
Astron (Skottie Electronics) Corp Long & Assoc., Inc. 
Avnet Instrument Corp  W. K. Geist Co.

Ballantine Labs, Inc  
Barnes Engineering Company  
Basler Electric Company  
Bausch & Lomb, Inc  
Bay State Electronics Corp  
Beckman/Berkeley Division  
Behlman/lnvar Electronics Corp 
Block Associates, Inc  
Bogart Mfg. Corp  
Boonshaft & Fuchs, Inc................
Boonton Electronics Corp. .........
Boonton Radio Co., Div. of Hewlett-Packard 
Burr-Brown Research Corp  
Burroughs Corp., ECD

California Instruments Corp V. T. Rupp Co. 
California Technical Industries Perlmuth Electronics 
Cascade Research Moxon Electronics 
Chrono-Log Corp  ................... West Eleven, Inc.
Cimron Corporation „................................Ault Associates
CircuitDyne Corp _........... T. Louis Snitzer Co.
Clairex Corp Moxon Electronics 
Clary Arithmetic Centers American Wireless 
Communication Electronics Costello & Co. 
Components Engineering & Mfg. Co Premmco 
Computer Instruments Corp. .  Components Sales Calif.
Computer Measurements Co Moxon Electronics 
Consolidated Ceramics & Metalizing Artwel Electric, Inc. 
Continental Connector Co ............................. J. Logan & Assoc.
Continental Sensing, Inc ..............Birnbaum Sales Co. Inc.
Continental-Wirt Electronics Corporation. ..Tom G. Maier Company 
Control Logic, Inc Jay Stone & Assoc. 
Coopertronix, Inc  ....................................T. Louis Snitzer Co.
CTS Corp _.........................J. Logan & Assoc.

Dale Electronics James S. Heaton Co. 
Datamec Corporation ..............................Moxon Electronics
Datapulse, Inc O'Halloran Associates 
Decker Corporation  Costello & Co. 
Diamond Antenna & Microwave Corp Wright Engineering 
Di/An Controls, Inc Wright Engineering 
Digital Devices -.........................................Moxon Electronics
Digital Equipment Company Peninsula Associates 
Digitronics Corp Components Sales California, Inc.

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

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

Hammarlund Manufacturing Co  
Hamner Electronics  
Harrison Labs., Div., H-P  
Heli-Coil Corp  
Hewlett-Packard Company  
Hitemp Wires  
Holt Instruments Laboratories  
Hughes Aircraft Co., Instruments  
Hull Instruments
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Moxon Electronics
15 - 41st Avenue,
San Mateo: Fl 5-7961

Peninsula Associates
1345 Hancock Street, 
Redwood City: EM 9-1226

O'Halloran Associates 
McCarthy Associates 
.Peninsula Associates

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

Perlmuth Electronics 
941 Charleston Road, 
Palo Alto: DA 1-5064

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

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

Rupp Co., V. T.
1 182 Los Altos Avenue, 
Los Altos: WH 8-1483

Snitzer Co., T. Louis
510 So. Mathilda Avenue, 
Sunnyvale: RE'6-6733

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

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

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

Tech-Ser, Inc.
800 San Antonio Rd., 
Palo Alto: DA 6-9800

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

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

Vauqhan Co., G. H.
Box 1253, Palo Alto;
DA 1-1347

Walter Associates
Box 790. Menlo Park;
DA 3-4606

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

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

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

..............O'Halloran Associates
Richard A. Strassner Co. 

............................ Ault Associates 

............................ Ault Associates 
Tech-Ser, Inc.

..............................G. H. Vaughan 

....................... Walter Associates 

............................ V. T. Rupp Co.

Carl A. Stone Assoc., Inc. 
...............O'Halloran Associates 
...........Birnbaum Sales Co. Inc. 
S Tech-Ser, Inc. 

Compar San Francisco 
Long & Assoc., Inc. 

.............W. K. Geist Co.
..........Richard A. Strassner Co. 
... ......Tom G. Maier Company 
.....................T. Louis Snitzer Co. 
.....................Elliott Recht Assoc. 
Components Sales Calif., Inc. 
........................T. Louis Snitzer Co. 
.................................. Tech-Ser, Inc.

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

................O'Halloran Associates 
...........R. W. Thompson Assoc. 
.....................Peninsula Associates 

Perlmuth Electronics 
McCarthy Associates 

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

...................James S. Heaton Co. 

............................Cain & Company 

...................... T. Louis Snitzer Co.

Walter Associates 
.................. Walter Associates 

Richard A. Strassner Co. 
..............................Elliott Recht Assoc. 
...................... Jay..Stone & Associates 
.................................Walter.. Associates 
..............................Perlmuth.. Electronics 
Components Sales California, Inc. 
.............................. Artwel Electric, Inc.

Tom G. Maier Company 
............................................Tech-Ser, Inc. 
.................................... Neely.. Enterprises 
..............................Perlmuth... Electronics 
.................................. Walter Associates

Rohde & Schwarz Sales Co - ■.Rowan Controller Co Arhvel Electric. Inc. 
Rutherford Electronics Co........................-..................... Moxon Electronics

Sanborn Company -............... Neely Enterprises
Sangamo Electronics Div Perlmuth Electronics 
Scientific Data Systems........................................................ West Eleven Inc.
Scott, Inc., H. H - - W. K Ge.st Co. 
Sealectro Corporation -............Richard S,ra/sner. C°‘
Sensitive Research Instrument.................... ............O Halloran Associates
Shielding Division. Shieldtron, Inc - McDonald Associates 
Sierra Electronic Div. of the Philco Corp...............T. Louis Snitzer Co.
Solid State Products, Inc James S. Heaton Co. 
Somerset Radiation Labs  Peninsula Associates 
Sorensen - O'Halloran Associates 
Sperry Microwave Company. ................................McCarthy Associates
Sperry Rand, Electronic Tube Div....................................Cain & Company
Star-Tronics, Inc........................................................Richard A. Strassner Co.
Stevens-Evans, Inc...............................................................- T®, ,.r'
Stevens Manufacturing Co ....................- .Artwel Electric. Inc.
Systems Research -............................... -.Moxon Electronics
Systron-Donner Corporation------------ -------------------------------Ault Associates

Tally Register Corp Moxon Electronics
-• ' Premmco, Inc.

____ Tech-Ser, Inc.
............... T. Louis Snitzer Co.

............... V. T. Rupp Co.
......Tom G. Maier Company 
........................ Costello & Co.

... Tom G. Maier Company 
.........Tom G. Maier Company 
...................Wright Engineering 
............... Peninsula Associates

R. W. Thompson Associates 
_.R. W. Thompson Associates

...... .......Walter Associates
.............. Moxon Electronics 
............ Wright Engineering 

..... .. ............... Premmco, Inc.

....... Compar San Francisco

.„ McCarthy Associates 
................Moxon Electronics 

..............Long & Assoc., Inc.
...Tom G. Maier Company 
......... ..........G. H. Vaughan
.......Goodrich & Associates
.............Perlmuth Electronics 
............Wright Engineering 
...... .......Jay Stone & Assoc. 
............. Tech-Ser, Inc. 
......Compar San Francisco 

 Tech-Ser, Inc.
.. American Wireless 
......................V. T. Rupp Co.
.........O'Halloran Associates 
..........................Premmco, Inc. 
...............Long & Assoc., Inc. 
.............Peninsula Associates 
............... West Eleven, Inc.

Tamar Efectronics, Inc...................................
Tech-Stok, Inc -• -  
Telonic Industries and Engineering--------
Test Equipment Corp........................-
Tevco Insulated Wire....................................
Thermal Systems, Inc  
Torrington Manufacturing Company.. . 
Tower Manufacturing Corporation.........
Trak Microwave Corp........................-
Triconix Inc  
Tri-Ex Tower Company -
Trimm Inc  
Trion Instruments, Inc  
Trygon Electronics, Inc  
Tucor Company...............................................
United Shoe Machinery Corp  
Unitrode Transistor Corp  
Varian Associates, Recorder Division.. 
Vidar Corporation  

Ward-Leonard Company — 
Waterman Electronic Tube Company 
Waters Corporation, The ... 
Waters Manufacturing, Inc.....................
Watkins-Johnson Co  
Wayne-George Corp  
Weinschel Engineering, Inc..  
Weldmatic Div. of Unitek Corp.  
Welwyn  
WEMS, Inc. 
Westrex Div. Litton Industries  
Wilk Instruments......................... -
Wiltron Co  
Wincharger Corp. (Zenith Radio Corp.) 
Winchester Electronics, Inc.........................—
Winslow Electronics, Inc  
Wyle Labs/Mfg. Div...........................-

Omni Spectra, Inc  
Oread Electronics Laboratory, Inc

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

Quan-Tech Labs

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

Laboratory for Electronics 
Lavoie Laboratories, Inc... 
Lindgren Associates  

Magnetic Metals, Inc  Compar San Francisco 
Marconi Instruments Moxon Electronics 
Maser Optics, Inc., Trident Div Peninsula Associates 
McLean Engineering Labs T. Louis Snitzer Co.
McLean Syntorque Corp T. Louis Snitzer 
Mehbs...................................................................................Perlmuth Electronics
Melcor Electronics Corp Components Sales Calif., Inc. 
Merrimac Research & Development G. H. Vaughan 
Metron Instrument Co. Components Sales California, Inc. 
Micro-Power, Inc............................ • ...
Micro-Tel Corp  
Microtran Company Inc  
Microwave Associates  
Microwave Electronics Corp... 
Microwave Technology, Inc,... 
Mid Eastern Electronics, Inc... 
Millitest Corp  
Molecular Dielectrics  
Molex Products Company .... 
Montronics, Inc  
Moseley Co., F. L.................... 
Motorola, Inc  
MSI Electronics, Inc  

Narda Microwave Corp  
National ResisTronics, Inc  
Neff Instrument Company  
NJE Corporati on  
North Atlantic Industries, Inc. 
North Hills Electronics, Inc....
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OTHER FEATURES 
YOU GET IN 

THIS BRIDGE:

IN CANADA 
(Toronto) 246-2171

General Radio 
(Overseas) 

Zurich, Switierlind

Type165O-A 
Impedance Bridge 
. . . $460 

in U.S.A.

GENERAL RADIO COMPANY
WEST CONCORD, MASSACHUSETTS

Sales Engineering Office in SAN FRANCISCO: 1186 Los Alios Avenue, Los Alios, California 
James G. Hussey • Donald M. Vogelaar 

Tel: 415 948-8233 • TWX: 415 949-7964

. . . an exclusive feature found only in the GR 1650-A Impedance 
Bridge. Orthonull eliminates annoying sliding balances commonly as­
sociated with the measurement of components having high losses. A 
unique unilateral ganging mechanism, Orthonull makes the Bridge’s 
CRL and DQ adjustments electrically independent. Once the bridge has 
been given an initial balance, the Orthonull clutch is engaged. Then, 
any adjustment of the CRL dial automatically adjusts the DQ dial, 
“tracking” the sliding balance. Thus, convergence of the two adjust­
ments is rapid, balancing procedure greatly simplified, and the danger 
of a false balance eliminated.

Wide Ranges — R: 0.001Q to 10 M 
L: 1 ph to 1000 h 
C: 1 pf to 1000 Mf 
D: 0.001 to 50 at 1 kc 
Q: 0.02 to 1000 at 

1 kc
Accuracy — 1% for R, L, and C 

5% for D and Q
Ready to Use — battery operated 

with built-in transistorized null 
detector and 1-kc generator. 
Frequency range of bridge is 
20c to 20 kc with external 
generator.

Unique Carrying Case allows panel 
to be tilted to any convenient 
angle . . . closes for complete 
protection. Patent No. 2,966,257

-uojujl w-***'
__ , hirn.cri

PATENT NO. 2.872.639

balance finder


