ANOTHER ADVANCED MICROWAVE TUBE DEVELOPMENT
FROM RAYTHEON'S SPENCER LABORATORY

-BAND BWO, QKB 891,
of acompletely new design is extremely rugged
and compact.

New K-band 0-type BWO's extend
Raytheon compatible line to 26.5 kMc
Advanced design provides 40 in W minimum power
output in extremely rugged and compact package.

TYPICAL OPERATING CHARACTERISTICS

Size and weight of these two new Raytheon backward wave
oscillators are barely half that of units now in use.
The QKB 890 and QKB 891 are designed for such applications as swept local oscillators in ECM receivers and test
equipment, driver tubes in frequency diversity radars, and
pump tubes for broadband parametric amplifiers. Both tubes
utilize PM focusing and have grids for low-voltage pulsed
operation. For equipment designs requiring close mounting,
only two-inch spacing between tubes is necessary.
Write today for detailed technical data or application service
to Microwave and Power Tube Division, Raytheon Company,
Waltham 54, Massachusetts. In Canada: Waterloo, Ontario.

Frequency Range

QKB 890

QKB 891

12.4-18 kMc

18-26.5 kMc

Power Output

40-180 mW

40-180 mW

Delay Line (tuning)

400-1270V

600-2100V

Anode Voltage (fixed)

125V

150V

Cathode Current

17-21 mA

21-32 mA

Filament Voltage

6.3 Volts

6.3 Volts

Waveguide Coupling

RG91/U

RG53/U

RAYTHEON
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COMPANY

POWER TUBE

DIVISION
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Command tracker antenna system developed by Radiation Inc. is
designed to find and follow a communications satellite. It also
transmits signals directing the satellite to turn its equipment
on or off. See p 23
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*REMEMBERS
TRANSIENT
SHAPES!

the CURTISS-WRIGHT . . .

WAVEFORM

ANALYZER
Data on asingle transient waveform is "remembered"
by a barrier grid storage tube, and readout can be
conducted as long as 72 hours after recording. As
easy to operate as aregular Oscilloscope, the unit is
equipped for display and optional printout of analysis.
Rise time, 0.25 microsecond minimum with linearity
over a useful tube storage area. Voltage input,
600V maximum combined DC and peak AC with
input characteristics of 1megohm, 36 uuf direct; 10
megohm, 12 uuf with 10x probe.
Write today, for full information and specifications.

Provides for Measurement
amplitude at any of 100 points
along time axis
Digital Display - Optional Printout
The Curtiss-Wright Waveform Analyzer is designed
for analysis of arbitrarily shaped voltage waveforms
within specified limits. The unit can be used in the
laboratory, or may be remotely programmed for operation with data acquisition and handling equipment.
ELECTRONICS

INTERMOUNTAIN

DIVISION

CURTISS-WRIGHT
P.O. BOX 10044, Albuquerque, New Mexico
2
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LAMBDA

Convection Cooled Transistorized
Regulated Power Supplies

LA SERIES
0- 34 VDC 5, 10, 20 AMP
20-105 VDC 2,

4,

8 AMP

75-330 VDC 0.8, 1.5, 3 AMP
• Convection

SPECIAL

Cooled—No internal
blowers or filters—maintenance free

FEATURES

• Ambient 50 C
• No Voltage Spikes or overshoot on
"turn on, turn off," or power failure
• Guaranteed 5 years

CONDENSED DATA— LA SERIES
DC OUTPUT (Regulated for line and
Model

LA 50-03B
LA100-03B
A
- A
LA 20-05B
LA 40-05B
LA 80-05B
LA 8-08B
LA 15-08B
LA 30-08B

Temperature
Coefficient

lead)

Voltage Range (I) Vernier Band (2) Current Range (3)

0- 34
0- 34
0- 34
20-105
20-105
20-105
75-330
75-330
75-330

VDC
VDC
VDC
VDC
VDC
VDC
VDC
VDC
VDC

4V
4V
4V
10 V
10 V
10 V
30 V
30 V
30 V

0- 5
0-10
0-20
0- 2
0- 4
0- 8
0- 0.8
0- 1.5
0- 3

AMP
AMP
AMP
AMP
AMP
AMP
AMP
AMP
AMI'

Price (4)

$ 395
510
795
350
495
780
395
560
860

Regulation (line)

Less than 0.05 per cent or 8 millivolts
(whichever is greater). For input variations from 105-140 VC (1 )

Regulation (load)

Less than 0.10 per cent or 15 millivolts
(whichever is greater). For load variations from 0 to full load.

Ripple and Noise

Less than 1 millivolt rms with either
terminal grounded.

LAM
515 BROAD
Western Regional Office:
New England Regional Office:

B

• Remote programming, over Vernier band
• Hermetically-sealed transformer designed
to MIL-T-27A
• Easy Service Access
• Short Circuit Proof
• Constant Current Operation—Consult Factory

DA_

HOLLOW ROAD

Less than 0.025%/°C.

(1) The DC output voltage for each model is completely covered by four selector
switches plus vernier range.
(2) Center of vernier band may be set at any of 16 points throughout voltage range.
(3) Current rating applies over entire voltage range.
(4) Prices are for unmetered models. For metered models add the suffix "M" and
add 830.00 to the price.
(5) Except for LA-200-03A which has AC input voltage of 100•130 VAC. 105-140
VAC available upon request.

AC INPUT

105-140 VAC,

)60

0.3 cycie( 6)

(6) This frequency band amply covers standard commercial power line tolerances
in the United States and Canada. For operation over wider frequency band, consult factory.
Size

LA 50-03B, 1.A20-05B, LA 8-08B
LA100-03B, LA40-05B, LAIS -08B
LA200-03A, LA80-05B, LA30-08B

3" H x 19" W x 1Ve D
7"
H x 19" W x we D
10" H x 19" V/ x 163e D

For complete data send for new Lambda Catalog 61
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WHEN A MAN feels that working for wages is holding him back
he can, in a free country, strike out on his own. A new invention
or an improved design is often the springboard to success in
industry.
This is healthy. It has helped industry grow, diversify and
advance technically. But even in a free country there is a limit
to the right to strike out on one's own. The line is drawn at piracy.
The brains a man brings to a company, and the general education he acquires while there, he can take with him. But it is not
right—morally or legally—for employees to leave an employer
along with clearly proprietary information and then move into
direct competition with him. This is as wrong as baldly selling
someone's trade secrets to his competitors.
Most engineers abide by their written and unwritten agreements to respect proprietary rights. But lately there have been
an increasing number of reports to the contrary. Some companies
who have been stung blame quick-buck venture capital operators
who make apractice of luring engineers into an unethical spinoff.
Consider, for example, a company that makes a line of proprietary products based on a component which it developed. A group
of engineers might leave and sell customers of their former
employer an almost identical product.
These employees might take with them not only general knowhow gained in years of employment, but even design data and
information on who the customers are. They might conceivably
also hire anumber of other people working for their old employer,
at least momentarily knocking for a loop his ability to produce
the product.
The best approach to this problem is good old-fashioned professional ethics. But if a man hasn't the good sense to found a
new business on honest initiative, then his former employer most
certainly has the right to land on him with both feet by all
ethical means.

Subscribers: Please address all correspondence,
change
of
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notices, subscription orders or complaints to Fulfillment Manager, Electronics, at above address. Change of
address notices should provide old
as well as new address, including
postal zone number if any.
If possible, attach address label from recent issue.
Allow one month for
change to become effective.
Postmaster: Please send Form 3579
to Fulfillment Manager, Electronics,
330 West 42nd Street, New York 36,
New York.
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Coming In Our December 29 issue
To aid frogmen in
underwater exploration, a completely self-contained, batterypowered sonar set has been developed. Its range of 120 yards
gives divers greater effectiveness in opaque water, enabling
them to locate unseen objects
like sitting submarines, shipwrecks and schools of fish, once
the operator has been trained to
SCUBA SONAR.

identify sonar returns against a
background of ocean noises.
However, I. R. Colldeweih, E. L.
Walls and R. D. Lee, of DaImoVictor, authors of an article on
it, think it will be some time before the price drops to a range
that most scuba buffs can afford.
Other articles next week are on
microcircuits, digital circuits
and electro-optical systems.
electronics
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METAL FILM RESISTORS OFFER 5
DISTINCT TEMPERATURE COEFFICIENTS
TO MEET ALL CIRCUIT REQUIREMENTS
RUGGED END-CAP
CONSTRUCTION
FOR LONG TERM
STABILITY
•

•

•

EXCEPTIONAL
RESISTANCE TO
MOISTURE AND
MECHANICAL DAMAGE
• •

•

SURPASS MIL-R-10509
PERFORMANCE
REQUIREMENTS

Providing close accuracy, reliability and
stability with low controlled temperature
coefficients, these molded case metal-film
resistors outperform precision wirewound
and carbon film resistors. Prime characteristics include minimum inherent noise level,
negligible voltage coefficient of resistance
and excellent long-time stability under rated
load as well as under severe conditions of
humidity.
Close tracking of resistance values of 2
or more resistors over awide temperature
range is another key performance characteristic of molded-case Filmistor "Metal
Film" Resistors. This is especially important where they are used to make
highly accurate ratio dividers.
Filmistor "Metal Film" Resistors are
automatically spiralled to desired resistance values by exclusive Sprague equipment. The metallic resistive film, deposited
by high vacuum evaporation, bonds firmly
to special ceramic cores. Noble metal
terminals insure low contact resistance.
The resistance elements, complete with
end caps and leads attached are molded in
dense, high temperature thermosetting material to form atough molded shell for maximum protection against mechanical damage, moisture penetration and repeated
temperature cycling.
Filmistor "C" Resistors, in 1
/
8,1
/ ,1
4
/
2.
and 1watt ratings, surpass stringent performance
requirements
of
MIL-R10509D, Characteristics C and E. Write
for Engineering Bulletin No. 7025 to:
Technical Literature Section, Sprague
Electric Co., 35 Marshall Street, North
Adams, Mass.

o

For application engineering assistance write:
Resistor Division, Sprague Electric Co.
Nashua, New Hampshire

SPRAGUE
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INTERFERENCE FILTERS
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PULSE TRANSFORMERS
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NEXT TIME... USE TINY
alut
WIREWOUND RESISTORS
Sprague builds reliability ... efficiency .... economy right into
minified Blue Jackets with these
important features:
*All-welded end-cap construction with special vitreous-enamel coating for total protection against humidity, mechanical damage, heat, corrosion
gives long-term dependability
under severe environmental
conditions
*Available in resistance tolerances as close as ± 1%
*Low in cost ... quick and easy
to install
Tiny axial-lead Blue Jackets are
specially designed for use with
conventional wiring or on printed boards in miniature electronic assemblies. Write for complete technical data in Sprague
Engineering Bulletin 7410B.
SPRAGUE ELECTRIC COMPANY
35 Marshall Street, North Adams, Mass.

SPRAGUE®
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6
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In the Electronics Newsletter of
Nov. 10, I noticed an interesting
item about a metal-porcelain sandwich that can convert heat to power.
The item states that this type of
cell "could probably utilize waste
heat in rocket exhausts." It seems
more cogent to me that it could be
used to convert the tremendous heat
generated upon reentry to some
more useful form of energy, such as
lift or thrust. Then, instead of
fighting the problem of reentry
heat, NASA and the Air Force
could put the heat to work, and also
diminish the probability of detection by infrared means. I believe
the Air Force is trying to do exactly
this, and so one should expect more,
and more sophisticated, devices of
this sort.
If your Israeli correspondent
F. J. Goldwater (Comment, p 6,
Nov. 17) had spelled khamsin in the
Latin alphabet instead of in Hebrew (hamsin), you would have
found it in your dictionary. It's a
hot southerly wind that blows regularly in Egypt (and Ibelieve in the
Sinai peninsula) for about 50 days
each year, starting in March. Some
exegetes have attempted to connect
the khamsin with the plagues
visited upon Egypt at the time of
the Mosaic exodus. The word, incidentally, is derived from the Arabic
word for fifty.
FRANK LEARY
New York, N.Y.
Reader Leary, a former associate editor with this magazine, is
up on his heat conversion and
Arabic. Two weeks ago he began
working on Science Week, McGraw-Hill's new weekly newsletter
that will begin publication in February.

Cryogenic Inductors
In the Nov. 10 issue, there were
two errors on page 96 in my article,
Cryogenic Inductors May Become
Power Source. In the first column,
second paragraph, average current
densities of 100 kilamps per sq cm
(rather than 100 amps) were observed in Nb aSn. In the third column, bottom paragraph, the helium
evaporation rate should be 1 liter

per day rather than per hour.
Since the relatively short time
ago that this paper was written, the
strides in cryogenics have been
rapid and far-reaching. One of the
most significant is described by
J. H. Wernick of Bell Telephone
Laboratories in a paper presented
at the First International Conference on High Magnetic Fields, MIT
1961. This describes evidence that
an alloy of vanadium gallium
(V aaa Ga) can remain superconductive in magnetic fields exceeding
500 kilogauss. This compares favorably with the 88-kg field that I referred to, particularly since the
energy storage capability of a coil
tends to be proportional to the
square of the critical field; that is,
energy =
Li ma .' where I„,„„ =
A. HEMEL
Motorola Inc.
Chicago, Illinois
We published a summary of the
cryogenic magnets reports given
at the conference (p 24, Dec. 1).

Gas Combinations for Lasers
In the Oct. 27 issue you treated
the subject of Lasers (p 39) and
referred on page 47 to gas combinations that have been proposed for
use: mercury and krypton, mercury
and zinc. You did not give in this
connection any reference, which I
should appreciate very much obtaining.
GEORG CZERLINSKI
University of Pennsylvania
Philadelphia, Pa.
The mercury-krypton gas combination was referred to in a
Physical Review Letter by Dr. A.
Javan of Bell Labs, in Vol. 3, No.
2, July 15, 1959, p 87, under the
title, Possibility of Negative Temperature in Gas Discharges.
The mercury-zinc gas combination should have been referenced
to the No. 8 reference; this Phys.
Rev. Lett. of Feb. 1, 1961 was titled
Population Inversion and Continuous Optical Maser Oscillation in a
Gas Discharge Containing aHe -Ne
Mixture, by A. Javan, W. R. Bennett and D. R. Herriott of Bell
Labs. This letter referred briefly
on page 10 to the Hg-Zn combination and gave a reference (No. 11
of their letter) that reported work
on this gas combination.
electronics

Can high-power coaxial cable
be really flexible?
Yes, if it's our new perforated Teflon®
tape cable—type RG-281/U. Here's an
extra-flexible, high-power coaxial cable
originally developed for an Air Force
electronic counter measures system.
Besides its flexibility, it offers many
other advantages:
D Greater Thermal Stability of this
unique dielectric construction eliminates voids between cable and connector dielectrics; thus moisture condensation at dielectric interface is minimized.

D True Dimensional Concentricity,
impossible with semi-solid dielectrics
employing filament construction, is
achieved by perforated Teflon tape.
Concentricity, even over small bending radii, is maintained because center
conductor is continuously supported
by dielectric. There are no filaments
to slip and bunch under flexing.
D VSWR less than 1.2. The perforated Teflon tape gives auniform distribution of air spaces in the dielectric.

FXR

THE

D Low Loss—A dielectric constant of
1.55, compared to 2.0 for solid Teflon,
assures improved power transmission.
Use Amphenol brand RG-281/U as
a general purpose radio-frequency
transmission line in applications involving high power, low loss, flexibility,
high temperature, dimensional stability
and exacting electrical characteristics.
Write today for Data Sheet to: FXR,
33 East Franklin Street, Danbury,
Connecticut.

®Du Pont

RF PRODUCTS AND MICROWAVE

AMPHENOL-BORG

ELECTRONICS
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REPLACE MICRO -ALLOY, DRIFT and OTHER MESA TYPES
ACTUAL
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REPLACEMENT
CHART*
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Process Group

Micro-alloy Diffused

Mesa

2N50. '
2N846
2N588
2N1500
2N781
2N705
2N710
2N1122A

Micro-alloy

—

N961 2N962 afifigh.2N9654.2N96
,
- N779
• '"

2 '
2N768
2N711

2N782

2N1122

2N393
2N1427
2N1411
2N210
2N344
2N345
2N346

2N128

Surface Barrier
2N583

Alloy

2N1300
2N794

2N582
2N584

—
2N643
2N644
2N645

Drift

2N1301
2N795
2N1683
2N934

—
2N609

2N1450
2N602

2N603

*Interchangeability of types shown is on the basis of performance in most switching circuit applications.

for improvedpelime ofioth old and new designs
This new Motorola germanium epitaxial switching series —
the 2N960-62, 2N964-66 — will supplant nearly all other germanium micro-alloy, drift, mesa, and other transistor types for
high-speed switching applications ...in many cases at considerably loner prices.
In comparison with the older devices, these six new universal
switching transistors offer major design advantages that contribute to improved performance of both old and new designs.

MOTOROLA GERMANIUM EPITAXIAL SWITCHING TRANSISTORS
2N960
he mu)
10, 50, 100 mA

(7-RE =

8 ON

READER

SERVICE

CARD

2N965

2N966

UNITS

20

20

20

40

40

40

-

.20

.20

.20

.18

.18

.18

Volts

@ 50 mA

.40

.40

.40

.35

.35

.35

Volts

@ 100 mA

.70

.70

.70

.60

.60

.60

Volts

300 roc all types

Or (wan
Ic=10 mAdc
18.1 mAdc
Ic=100 mAdc
18=5 mAdc

80

80

125

125

90

80

80

90

pc

150

125

125

150

pc

FRB

0.6 nsec typical all types

TBE

0.5 nsec typical all types
All types have 150 mW dissipation in free air,
300 mW at 25 °C case temperature

FOR MORE INFORMATION on either of these
important new mesa series, contact your
Motorola District Office, or call or write:
Motorola Semiconductor Products Inc., Technical Information Department, 5005 East
McDowell Road, Phoenix 8, Arizona.

CIRCLE

2N964

VCE (SAT) MAX
@ 10 mA

For applications where the advantages offered by this new
epitaxial series are not essential, Motorola also offers eight new
non-epitaxial germanium mesa transistors — the 2N968-75 series
— at even lower prices.

8

2N962

f.., (MINI
I
E=20 mAdc
VcB=1.0 Vdc

• faster switching time
0.6 nsec)
• guaranteed minimum Beta over wide current range. .
specified at 10,50 and 100 mA
• low saturation voltage even at 100 mA
• rugged Mesa construction
• the most comprehensive published specifications
of any similar switching transistors
• proven reliability from the world's largest manufacturer
of germanium epitaxial transistors

MOTOROLA DISTRICT OFFICES:
Belmont, Mass. 'Burlingame. Calif. / Chicago / Cleveland / Clifton, N. J. / Dallas
Dayton •/ Detroit / Garden City, L. I. / Glenside, Pa. / Hollywood / Minneapolis
Orlando, Fla. / Phoenix ,' Silver Spring, Md. ,' Syracuse / Toronto, Canada.

2N961

MOTOROLA
Semiconductor Products Inc.
A SUBSIDIARY OF MOTOROLA. INC
5005

EAST

McDOWELL

ROAD

• PHOENIX

8.

ARIZONA

electronics

ELECTRONICS NEWSLETTER
Air Force To Buy Advanced Space Trackers
SECOND GENERATION satellite detection and tracking system, one
radar and one optical, are being sought by the Air Force as part of its

field. Founded last May, AFIPS
will begin full-scale operations in
January. It will serve as an information source to the public, government and industry, will sponsor
conferences and represent the U. S.
on international organizations like
IFIPS.
IFIPS, organized in 1960, has 19
member nations. It announced at
EJCC that it would hold a world
congress on information processing
in Munich, Germany, Aug. 27-Sept.
1, 1962.

long-planned improvements to the space surveillance network (ELECTRONICS, p 32, Nov. 24 and p 20, Mar. 3).
Goal of the two new systems is to
make Spadats, the operational satellite tracking center, capable of conRadiation Laboratory, Livermore,
tinuous surveillance of cislunar
cal., must be "seven to nine times"
space and cataloguing of all objects
faster than the IBM 7090. AEC has
in orbit.
Micromodules Go Into
$5.8 million available, as a result of
Last week, qualified contractors
agreement by IBM to reduce the
Army Tactical Radios
received formal requests for proprice of its newly installed 7030
posals on development of the first
from__$13.5 million to $7.8 million.
RCA REPORTED last week that it will
radar specifically designed to detect
Tests rated the arithmetical and
produce 350 manpack radios using
and track satellites. It will be lological capabilities of the 7030 as
micromodules, as part of a previcated close to the equator—which
four to 4.5 times that of the 7090,
ously
announced $9 million contract
satellites cross twice each orbit—
an AEC spokesman said.
to
produce
8,598 AN/PRC-25 tranand will give complete orbit inforsistor
sets.
The 350 hybrid sets and
mation on each pass. Rome Air
the others will be operationally inDevelopment Center will handle
terchangeable.
procurement.
National Meetings Will
This is the first time that the
This week, Electronic Systems
Replace EJCC and WJCC
Army
has specified the modules in a
Division at Hanscom Field briefed
tactical
equipment production consome 35 firms on requirements of
WASHINGTON—The last of the Joint
tract,
RCA
said.
Micromodule
a prototype optical surveillance deComputer Conference was held here
(ELECTRONICS, p 62, May 15, and
vice to update the 496L Space Track
last week.
p 51, May 22, 1959) R&D began in
network. An optical system would
Willis Ware, chairman of the
1958.
be used for ranges at which radar
sponsoring American Federation of
is not yet practical. Bids on both
Information Processing Societies
projects are due in early 1962.
announced at the Eastern JCC that
World's Fair Will have
it and its Western counterpart,
WJCC, will no longer be held. In21st Century Library
Germans Planning Ground
stead, there will be spring and fall
meetings with no absolute regional
INFORMATION storage and retrieval
Station for Satellites
tie-ins.
techniques are integrated in an
AFIPS grew out of difficulties
automated library introduced in
CONSTRUCTION of Germany's first
the
IRE,
AIEE
and
ACM
had
in
Chicago last week. Library 21 is
satellite ground station under the
handling
through
their
National
considered
a prototype of the next
NASA program is scheduled to
Joint Computer Committee the
century's
core
libraries, serving
start next spring and to be comevents relating to the computer
other libraries in a vast region
pleted in 1963. It will be built at
a Bavarian village located near
Munich. It will have only one antenna initially, but two more will
Satellite Oscar Says "Hi" to Hams Everywhere
be added later for commercial satellite use. The German Federal Post
OSCAR, the Orbiting Satellite Carrying Amateur Radio, hitchis expected to award contracts to
hiked into space aboard the Air Force's Discoverer 36, launched
Siemens and Telefunken.
last Tuesday from Vandenberg Air Force Base.

AEC Wants Another
Very Fast Computer
INVITATIONS

puter

has

to bid on a new combeen sent some 30

manufacturers by the AEC. The
computer, for use at Lawrence
December 22, 1961

Its signal—HI repeated in Morse code 10 times a minute—was
received at the South Pole, in Alaska and Hawaii, establishing
that it had gone into the planned orbit.
Oscar was designed, financed and built by amateurs, with government authorization. It operates in the two-meter band at 145
Mc. Life expectancy is three weeks to one month.
Sponsors
request that information on radio pickups, and inquiries, be
mailed to PO Box 183, Sunnyvale, Calif.

9

through communications networks.
It was developed for the 1962
World's Fair in Seattle. Some 72
selected librarians will go to Seattle
for instruction in information retrieval. They'll staff the library in
a move to help bring the profession
abreast of new techniques to cope
with the "information explosion."
Univac Solid State 80, primed
with some of the basic ideas and
Great Books topics, prints out answers to queries. The computer
can tailor answers to the patron's
sex, personality and comprehension
level. Future systems are to analyze psychological and emotional
requirements as well.
A photo process developed by National Cash Register, reduces documents 40,000 to 1 to put the text
of a 400-page book in an area the
size of a postage stamp. Images
can be erased, altered, added to or
subtracted from while in storage,
and selected and magnified for
reading.
Magnavox, IBM, TRW and RCA
will demonstrate accessibility of
worldwide documentary materials
through video and color film communications, listening booths,
teaching machines and language
labs.

From Sonar to Stockings
—That's Ultrasonics Now
SNUGGER STOCKINGS for ladies is apparently the purpose of anew ultrasonic processing technique begun
this week by Berkshire Knitting
Mills. The company says it alters
the molecular structure of hosiery
nylon, giving the fibers elasticity
and absorbency like natural fibers.
Applications to other synthetic
fibers are anticipated. The equipment was made by the Danish firm,
Hans Christian Anderson, of Copenhagen.

Institutes Start Major
R&D Construction Projects
PLANS FOR a $50 million, 40-acre research park were revealed last
week by the Illinois Institute of
Technology. It will be located next
to IIT's present Technology Center
in Chicago. Construction is to begin
next fall.

10

Massachusetts Institute of Technology will build centers for the
earth and materials sciences next
year, at cost of $11 million. Centers
for communications, aeronautics
and astronautics, and life sciences,
costing $12.5 million, will be built
when funds are sufficient.
Educational facilities recently
completed include a$3 million dataprocessing facility at New York
University, a $2.3 million science
building at Boston University and a
$2.2 million electronics and plastics
building at Lowell (Mass.) Technological Institute.

Ford Does Not Plan to
Merge R&D with Philco
no plans to merge Ford's
Aeronutronics division with Philco
or Western Development Laboratories, Charles E. Beck, Philco's
new president, stated last week. He
said Philco's electronics and development activities and Aeronutronic "will remain separate."
Beck emphasized that Ford's interest was in growth, citing hopes
to expand Philco's Government and
Industrial division. He said careful
attention will be paid to opportunities in Philco's computer operations. Philco has no plans at present
to acquire any other businesses,
Beck said.
THERE ARE

Film, Tape and Tv Get
Information From Storage
INFORMATION STORAGE system being
demonstrated to government agencies makes a paper copy of a document, or shows it on a tv screen.
The document's code number can be
dialed over a long-distance closedcircuit system.
Documents are filmed in reduced
size and assigned code numbers.
Each 10-in.-sq film can carry images of 10,000 pages. Films are
automatically filed in modules providing storage for one million
pages. Subject indexes can be
coded on magnetic tape for highspeed searches.
The system was developed by
Avco Corp. Electronics and Ordnance division with the assistance
of the Council on Library Resources.

In Brief ..•
new tv line features 27inch sets priced from $370, portables with
front-facing
loud
speakers and transistor remote
control on continuous standby.

MOTOROLA'S

to use in future satellites a 30-lb video recorder, developed by Ampex.

NASA EXPECTS

and control system contracts include $2.1 million to
ITT; $3.75 million to Electronic
Communications
for
airborne
stations. Hughes has a $21 million order for tactical displays.

COMMAND

gave Raytheon a $5 million
order for Hawk missile ground
equipment and services, and $3.3
million for components and materials to support Hawk production in NATO nations.

ARMY

system contracts include
$14.3 million to Western Electric
for Nike Hercules radar and
ground gear; $11 million to RCA
for Bmews; $1.8 million to GE
for early warning against airbreathing planes and missiles.

DEFENSE

contracts include $3
million to General Precision for
gyros and stellar inertial guidance; $534,000 to American Electronics for Terrier and Tartar
components; $100,000 to TransSonies for Polaris instrumentation.

OTHER MISSILE

Atlantic Missile Range instrumentation contractors are
Dynatronics, with $1.2 million in
contracts,
and
Canoga
Electronics, $635,000.

JOINING

equipment orders include
$7.5 million to Texas Instruments
for bombing indicators; $2.3 million to Burroughs for reconnaissance plane equipment; $500.000
to Electrosolids for inverters.

AIRCRAFT

diodes able to operate in K band equipment at
150 C temperature are being produced by Philco tinder a $475,000
Air Force order.

SEMICONDUCTOR

ASSOCIATES has $192,000 AEC contract for a 300-amplifier analog computer to control
a nuclear reactor powering Project Pluto ramjet missile.

ELECTRONIC

electronics

70 Ge COMPONENTS
HANDLE 12 KIN!
MELABS continues its leadership in the
design and production of microwave components, offering several outstanding new
units in the 70 Ge range for use in advanced
high power millimeter systems.
Several of these new 70 Ge items are pictured
above. The isolator (#1) and the Circulator
(#2) handle the maximum power that can be
produced by any of the currently available
millimeter high power sources! The Pulsed
Attenuator (#3) is an exclusive MELABS
design—providing over 50 db of mixer protection in addition to the circulator isolation.
There is no commercial counterpart.
Specific information can be furnished on any
of these MELABS components, individually
or in combination as an advanced millimeter
system. Your inquiries are welcomed.

70 Ge, LOAD ISOLATOR-8% bandwidth—
handles 12 KW.
70 Ge, 4-PORT CIRCULATOR-8% bandwidth—handles 12 KW.
70 Ge, FERRITE PULSED ATTENUATOR—
switched from 1to 50 db in less than 1psec.
70 Ge, SPDT FERRITE SWITCH—Switch.
time 1.usec—gives 20 db isolation.

u

POWER SPLITTER—adjustable 1-20 db.
ULTRA-MINIATURE 3-PORT
CIRCULATOR-6% bandwidth.
MILLIMETER WAVE CALORIMETER

MELABS DV-1A Calorimeter provides precision
power measurements as low as 50 microwatts
over the frequency range of 50-75 Ge. This is
a dry-load type—has no circulating liquids and
is constructed in RG98/U
waveguide. The instrument
is capable of measurements
to accuracy of ±5% —or
better. DC calibrator is built
in. Unit is transistorized —
battery operated —self contained. Other units can be
supplied in waveguide sizes
up to 150 Ge.

3300 HILL VIEW AVENUE/STANFORD INDUSTRIAL PARK/PALO ALTO. CALIFORNIA
TELEPHONE: DA 6-9500. AREA CODE: 415: TWX: PAL AL 138
Employment opportunities at Me/abs are exceptional for ambitious engineers and physicists; write in confidence.
DEPT. B-6

AN ECUAL OPPORTUNITY EMPLOYER
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1000 mc GAIN BANDWIDTH PRODUCT

200 mw POWER DISSIPATION

/197()
MAX.

STOCKED BY YOUR G-E SEMICONDUCTOR DISTRIBUTOR
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GENERAL ELECTRIC

21A1994

GERMANIUM EPITAXIAL ULTRA-FAST MESA
Looking for extra speed, improved performance and tighter
specifications for your very high speed switching applications? This new G-E germanium PNP epitaxial mesa was
designed for you. 2N994 offers 80 nanoseconds switching
speed, a beta spread of only 3 to 1, a high temperature
Ici,, guarantee, and a specified beta at low temperature
...all of which greatly hell) "worst-case" design.
is also specified. And in addition, the high current capability of 2N994 provides extra "fan-out" and "fan-in"
capability in computer logic designs. Just check the specs
shown for a few examples of the tightly controlled parameters of 2N994.

2N994 ELECTRICAL CHARACTERISTICS: 25°C (unless otherwise specified)
Min.
Collector Emitter Saturation Voltage
(lc= —10 ma, Is= —.4 ma)
(lc= — 50 ma, Is= —4 ma)
(lc= —100 ma, Is= —8 ma)

Current

DC Forward Current Transfer Ratio
(lc= —10 ma, VcE = —.25V,

lc

—150

ma

Pt

200

mw

Storage Temperature

TsTG

65, +150

°C

TA = —5.5`C)
High Frequency Characteristics
Gain Bandwidth Product
Is= 10 ma,Vcs= —5V

30 MEGACYCLE

FLIP—FLOP

volts

—.30
—.45

volts
volts

Ice°

—0.4

—3.0

ua

IEso

—5
—3

—18
—15

ua
ua

140

hEE

45

75

Fin

20

33

ft

Switching Characteristics
Turn On
Turn Off

Derate 2.67 mw/ °C for increase in ambient temperature
above 25 °C

—.18

Static Characteristics

2N994 ABSOLUTE MAXIMUM RATINGS: 25°C

Collector

Max.

VCE (SAT)

Collector Cutoff Current (Vcs= —6V)
Collector Cutoff Current (Vcs= —6V,
TA = +70 °C)
Emitter Cutoff Current (V 8s= —2V)
DC Forward Current Transfer Ratio
(lc= —10 ma, Vc E= — .25V)

Dissipation
Total Power*

Typ.

ft.,
toff

1,000
17
28

mcs
35
45

nsec

nsec

The 30 megacycle flip-flop circuit shown indicates the speed capability
of the G-E 2N994. Typical transition time is 10 nanoseconds. Output is
5.5 volts peak to peak. Other mesas used in the same circuit cannot
deliver this performance.
OTHER G-E GERMANIUM MESA TYPES AVAILABLE
2N705
2N710
2N711
2N711A

-=
NEGATIVE
TRIGGER
-04-3y

GENERAL
December 22,

1961

2N711B
2N725
2N781
2N782

2N828
2N960
2N961
2N962

2N964
2N965
2N966
2N1646

For complete specifications, call your G-E Semiconductor
Products District Sales Manager. Or write Semiconductor
Products Department. Section 16L115, General Electric
Company, Electronics Park, Syracuse, New York. In Canada:
Canadian General Electric, 189 DulTerin St., Toronto, Ont.
Export: International General Electric, 159 Madison Ave.,
New York 16, New York.
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From

WEINSCHEL

EXTENDED
RANGE
More Accurate
Calibration

WASHINGTON OUTLOOK
FOREIGN TRADE POLICY of the Kennedy administration,
shaping up more clearly, is not as distasteful to industry spokesmen as they had expected. Eventual goal is free flow of goods
between the U.S. and Western Europe, but not membership in
the European Common Market.
The White House is willing to make concessions to domestic
industries injured by competition, to tide them over the years
of most serious impact. While details are not yet ironed out, odds
are concessions will include tax assistance for hardest hit industries, federal aid to injured industries and local communities,
and a federally financed worker retraining program.
There may even be tariff adjustments for industries proving
excessive injury from a more liberal trade policy.

PRECISION
STEPATTENUATOR
.......
.•• .
•••.
••

••.....••
Specifically designed to meet your
most exacting requirements for accuracy and reliability, the Model
64A Stepattenuator. covering the
range from 0to 64 db in 0.1 db steps.
includes these exclusive Weinschel
features:

NEW Calibration data of the highest
commercially available accuracy-0.02 db
per 10 db—permanently mounted on the
front panel for fast, easy reference
NEW Actual operable frequency range
—0C to 2KMC
NEW Simplified readout
NEW One male and one female Type

N connector for each drum to reduce the
need for adapters
For complete specifications on the
Model 64A Precision Stepattenuaion or for information on special
models to meet other requirements.
contact our Application Engineering
Department.

WEINSCHEL
ENGINEERING

4U)

10503 METROPOLITAN AVENUE
KENSINGTON, MARYLAND
Tel.: 949-0141 (Area Code 301)
TWX: KENS 446
In California- 631 Wilshire Blvd.
Santa Monica
TWX SMON 7185
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McDONNELL AIRCRAFT will get about $200 million to build
12 two-man capsules for NASA's $500 million addition to the
Mercury program. Launcher will be Martin Marietta's Titan II
booster.
Under plan to develop space rendezvous techniques in 1963-64,
an Atlas-Agena-B fuel capsule will be orbited at 200 mi. The
manned capsule will join it in orbit, then separate and land at
Edwards Air Force Base, Calif. If perfected on schedule, the
technique will be used for the trip to the moon by a three-man
Apollo in 1967-69.

GOVERNMENT LURES to get and keep top scientists and engineers may be increased next year. A top level study and specific
recommendations will go to the President soon, then will probably
be sent to Congress as proposed legislation. The White House
may install some recommendations administratively.
The study says industry pays $4,000 more to people qualified
for $15,000 to $19,000 in government pay. Other drawbacks are
restricted opportunities to participate in decision making and
the necessity of filtering through blocks of subordinates to communicate with top officials.
The report also says government should change its popular
image of bigness, inefficiency and red tape.

U.S. INTELLIGENCE experts discount Moscow's announcement
it will boost Soviet defense spending in 1962 by 44 percent over
its original 1961 budget. Washington believes the actual increase
is probably no more than 10 percent and the remainder represents some massive reshuffling of budget bookkeeping.
The Soviets lump many costly defense programs in with such
civilian budget items as financing the national economy and
science. This makes direct comparisons of U.S. and USSR defense
outlays almost meaningless.
Civilian items in the new Soviet budget have been cut or have
not been increased as substantially as anticipated, indicating that
Soviet defense boosts are probably of the same magnitude as
scheduled increases in the U.S. defense budget.
electronics
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High-Resolution
Analog Recording
from Frequency
Counters

•
•$
•

•
•
•

New 0)580A Solid State Digital/Analog Converter
With the new ir 580A Digital/Analog Converter you can
get resolution to 1part in 10'' or better in making X-Y or
strip chart recordings from the output of your electronic
counter, digital voltmeter or other device providing
the proper 4-line BCD output code.

SPECIFICATIONS
Accuracy:

0.5% of full scale

Potentiometer
Output:

100 mv full scale

Galvanometer
Output:
Driving Source:

0 to 1ma into 5,000 ohms or
less
Parallel entry 4-line BCD,
1-2-2-4 (9 digits max.) having
a sv,ing of 4 to 75 y about a
source reference

Command Pulse:

Positive or negative pulse,
20 psec or greater in width,
6-40 yamplitude

Transfer Time:

2 msec

Size:

16 34" wide, 312 high, 11 1
2 "
/
deep; 15 lbs.

$525.00
Data subject to change without notice
Price f.o.b. factory.

The converter, for example, can be used with any
of the new er solid state counters, with (kie and
Dymec vacuum tube counters equipped with
output kits, and with other vacuum tube and
solid state instruments. It provides outputs
for both potentiometer and galvanometer
recorders, and includes controls for calibration of the recorders.
Any three successive digits (or the righthand two) may be chosen for analog output, and selection of the least significant
digits produces analog records of extreme
resolution and accuracy. For example, recording three righthand digits of nine-column data results in resolution of 1part in
10 8.Automatic zero-shift keeps the record
"on-scale" at all times.
The solid state
580A accepts 4-line data,
which is transferred to storage binary units
within the converter on command from the
counting source. The stored data is then
translated and weighted to provide the
proper analog output voltage or current.

HEWLETT-PACKARD COMPANY
1094A Page Mill Road, Palo Alto, California, U.S.A.
Cable "HEWPACK"
DAvenport 6-7000
Sales representatives in all principal areas
HEWLETT-PACKARD S. A.
Rue du Vieux Billard No. 1, Geneva. Switzerland
Cable "HEWPACKSA"
Tel. No. (022) 26. 43. 36
7368
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Midwest Research Institute
team
tunes
experimental
model
of
electromagnetic
acoustic probe

Doppler shift
of radar wave
reflected from
acoustic wave
tells wind speed

Acoustic Radar Reads Wind Speed Remotely
KANSAS CITY, m(:).—Developers of
Midwest Research Institute's radaracoustic remote air velocity measuring system are predicting it will
find many uses: assisting jet landings on carriers, as a wind tunnel

RADAR WAVE

ACOUSTIC WAVE
C_
LTH
Ar

AC 0USTIC
SOUR CE

(
\\,,/'RADARWAVE REFLECTED
FROM ACOUSTIC WAVE
Ow
TRANSNUTTER
30 MC
GENERAT OR

c4

ACOUSTIC
SOURC E

SIDEBAND
FILTER
30 MC
RECEIVER

O

(3)

;COPE

DECAD E
SCALER

Acoustic bursts reflect microwave
signal (A), 30-Mc i
-f improves
doppler section sensitivity (B)
16

speed sensor.
Called Emac (
for Electromagnetic Acoustic Probe), the system
determines air velocity by measuring the doppler frequency shift of
an electromagnetic wave reflected
from a propagated acoustic disturbance. Subtracting the sound
velocity constant from the sum of
local sound and wind gives wind
velocity.
Multiple soundings in selected directions yield wind direction. Feasibility trials for the Army Rocket
and Guided Missile Agency indicated three-dimensional wind field
could be determined from an array
of the probes. The use of one unit
to measure velocity in three dimensions is to be investigated.
MRI's development program is
now aimed at boosting accuracy
and efficiency and increasing range.
Maximum range which currently
may be expected from the probe is

C
O

AUDIO
OSO

calibration standard, for air pollution studies and micrometeorology.
It originated as a helicopter air

1,600 feet.
Range increase is expected from
a probe operating at r-f of 2.5 Gc
and sound of 5.5 Kc. Short, highpower pulse techniques look promising. Automatic profile scanning
data analysis and readout system

may also increase its versatility.
An r-f range of 1 to 10 Gc can
be used. Because X band equipment
and techniques were readily available, experimental equipment uses
10 Gc. Sensitivity of the c-w doppler
circuits was improved by addition
of the 30-Mc i
-f stage illustrated.
The sound source is asmall, highfrequency siren driven by a synchronous motor and mounted in an
18-inch reflector. It radiates 140
db within a 5-deg beamwidth at 10
feet. The acoustic signal can be
pulsed, at 3 to 20 msec, by a highspeed air valve.
Developers expect to reduce probe
size and alignment problems by going from the experimental threeantenna array (photo) to a coaxial
beam array.

Automated Subway Is
Postponed in New York
NEW YORK CITY'S plans to try out
an automated subway shuttle train
went awry last week when the
Transport Workers Union threatened to strike. A mediator asked
the Transit Authority and TWU to
negotiate on the impact of automation on employees and to make proelectronics

vision in a new union contract.
There is a large potential market
for subway automation systems.
More than a dozen cities considering modern rapid transit systems
are watching developments in New
York. They include Washington,
Atlanta, Montreal, Los Angeles and
San Francisco, which has written
a specification for afive-county sys-tem announces train departure to
passengers.
The New York system employs a
programmer, pulse transmission
and inductive pickups to control operation. The basic 24-hour schedule
of the train is on 35-mm punched
film tape. Union Switch and Signal
division of Westinghouse Air Brake
and General Railway Signal have
each supplied equipment for one direction of the half-mile run.
Signal pulses for speed control
are received by induction pickups
on the end cars as they pass over
insulated rail sections. The 60-cps
current is pulsed at zero, 75, 180 or
270 pulses per minute. Top speed
is limited by an electronic governor
to 30 mph.
Pickup coils feed into transistor
amplifiers which control motors and
brakes. Timers at stations determine stopping time between runs
and door-open time. A warning system announces train departure to
passengers.

Laser Space Weapon in R&D
LASER capable of beaming amilliondegree ray 40 to 200 miles to vaporize hostile space weapons is being
developed as an Air Force defensive
weapon by the advanced programs
division of Martin Marietta Corp.
Considering future requirements
for policing space, Carl Kober, division director, predicts such a ray
weapon—perhaps employing an infrared laser—will be in use by the
1970's.
Source of the beam would be hydrogen conversion, from ortho to
para state as proposed by Nuclear
Research Associates, Long Island.
Optical lenses would focus the
pulsed 85-micron beam down to a
1-cm cross section.
Prototypes under development
for the past six months (the work
has not been done under Air Force
contract, but as in-house R&D) will
deliver a beam with a temperature
over 1,000 F. These are to be tested
by 1963. Initial tests will be made
in a 200-foot evacuated tube.
A cryogenic hydrogen laser of
sufficient size and with beam power
in the megawatt range could produce a million-degree beam, Kober
said. Nuclear power sources can

provide at least part of the power
required.
Disintegrator ray is being designed for use at altitudes of 100,000 feet or farther out in space. It
would be the size of a large army
searchlight.
The weapon's intricacy and cost
are expected to make it uneconomical for use in terrestrial warfare,
since atmospheric attenuation of
the beam would limit its range to
less than a mile.
Possible size of the space vehicle
is 10 feet in diameter and 30 feet
long, with the nuclear power source
on a strut. The men operating the
weapon would be protected by
shielding. The system could be
launched in sections and assembled
in space.
Laser weapons have been suggested as an ICBM defense (ELECTRONICS, p. 81, Nov. 10).
Since other countries are believed
working on similar projects, consideration is being given to methods
of shielding space systems from enemy rays. One approach is to establish a method of dispersing the
light beam over a wide area, destroying its heat concentration.

The safety override system uses
a series of proximity detectors
strung along the
right-of-way.
These sense train passage by a null
circuit with two overlapping eightinch coils. If a train goes by two
detectors at an excessive rate, indicating runaway, emergency air
brakes are operated.

Autocollimator Tests Gyroscopes

Color Television Sales
Go Ahead in November
RCA REPORTS that its color tv shipments in November surpassed black
and white set volume by 10.4 percent. Annual volume of color shipments is fast approaching that of
black and white, RCA said. It attributes the rise to increased color
programming and rising interest
among dealers and consumers. The
company is now introducing 11 new
color sets, making a total of 23,
priced from $495.
December 22, 1961

Drift rates in inertial guidance system gyros are tested at Sperry Gyroscope with Razdow Laboratories' Micro-Dynamic Angle and Rate Monitoring System. A collimated beam is projected to a mirror mounted on the
rotating member. Measuring signals are obtained' by reflecting the beam
to two photo sensors, one for control and one for reference. Accuracy is
reported as one part in 100,000
17
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ASSURED

WITH DI-ACRO
PRECISION PUNCHES
AND DIES

Immediate Delivery from factory stock

Accurate hole location is easily
achieved with Di-Acro Precision
Punch and Die sets because the
centering point on the punch is
ground concentric to the cutting
edges, there is no "slop" even
when several holes are punched
in a blank. Hole sizes are accurate
due both to the high degree of
concentricity of the punch and die
set and the choice of clearance
which allows you to obtain clean,
burr free holes no matter what
material thickness is to be perforated. All Di-Acro punches and
dies are precision made of high
quality tool steel.
'
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Harbor buoy seen by radar with circular polarization (A) is obscured
by rain in ppi of radar with horizontal polarization (B). Lower two
radar scope photos taken during typhoon show how a target (arrow)
visible in a set using a logarithmic sensitivity receiver (C) is obscured
by sea clutter in aset using linear sensitivity (D)

Radar Tells Wood from Steel
TOKYO—Radar that can discriminate between targets of different
materials—showing wood and steel
ships, for example, in different
color traces—was reported here at
the meeting of the Japanese Institute of Communications Engineers.
Noriomi Ochiai, of Tokyo Keiki
Seizosho KK, also reported successful elimination of rain and snow
interference and sea clutter in X
band radar by the use of circular
METAL
GRID

HORN
I

Formerly
O'Neal.trynn Mfg

Lake City,

Co
Minnesota

•
WAVEFRONT
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Consult phone book Yellow Pages under Machinery—Machine Tools for
your Di-Acro distributor or
write for catalog and
prices.

DI ACRO
CORPORATION

4312 Eighth Avenue

APPROX !
45°
Î

For extra
ienee and
savings order Di-Acro
Punch Paka—fitted steel
chests containing 24 and 30
sets of punches and dies.

Pronounced die-ock-ro

18
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For multiple hole _punching ask us
about the new Di-Acto Adjustable Punches and Dies.
Over 500 standard sixes of
Di-Acro Precision Punches
and Dies in 12 standard
styles are stocked. Punch
Adapters and Die Holders
are available to fit all
styles of punch presses.
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Circular polarization is obtained by
metal grid (A). The graph (B) is
the theoretical relationship between
axial ratio and interference suppression ratio

polarization and logarithmic sensitivity receivers. These have been
incorporated in working systems.
Target discrimination by material and shape is obtained by using
radiations of two or three different
polarizations. The reflections of the
various returns are traced in different colors, such as red, green and
blue.
Ochiai said that at present it is
possible to discriminate between
rain and general targets, wood and
steel ships, electric train lines or
gas tanks and general land targets,
and between towns and cultivated
plains.
Circular polarization, to prevent
rain and snow interference, is obtained by a metal grid circularizer
(see sketch). This was developed
for marine radars which customarily use horn-fed reflectors. With an
axial circular polarization ratio of
1.09, interference from rain reflections is reduced to one percent of
the original value, Ochiai said.
He gave examples of how a receiver with logarithmic sensitivity
will reduce clutter due to sea return. Radar pips almost completely
masked by grass when using a receiver with linear sensitivity became very clear, Ochiai said.
electronics
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BALTIMORE

CONTROL

e

WASHINGTON •

Symposium, PGRQC of IRE, AIEE,
ASQC, EIA; Statler Hilton IIotel,
Washington, D. C., Jan. 9-11, 1962.

IN STOCK NOW FOR

Symposium, Nat Bur of Standards; Dept.
of Interior Aud., Wash., D. C., Jan. 1517, 1962.

OPTICAL CHARACTER RECOGNITION

Exposition
for
electrical-electronics
industry,
AIEE; N. Y. Colisium, N.Y.C., Jan.
29-Feb. 2, 1962.
ELECTRICAL

IMMEDIATE DELIVERY

ENGINEERING

ELECTRONIC
WHOLESALERS

REDUNDANCY TECHNIQUES FOR COMPUTING SYSTEMS, Office of Naval Research;

Dept. of Interior Aud., Washington,
D. C., Feb. 6-7, 1962.

LOCATIONS

MILITARY
ELECTRONICS,
3rd Winter
Convention PGMIL of IRE; Ambassador Hotel, Los Angeles, Feb. 7-9,
1962.

Conf.,
PGCT of IRE, AIEE; Sheraton Hotel
and U. of Penn., Philadelphia, Pa.,
Feb. 14-16, 1962.

SOLID STATE CIRCUITS, Internat.

FROM ALL THESE

WINSTON-SALEM
•

ORLANDO
ST.
PETERSBURG o

•

COCOA BEACH
•
MELBOURNE
•
W. PALM BEACH
HOLLYWOOD-FT. LAUDERDALE
MIAMI

APPLICATION OF SWITCHING THEORY TO

USAF,
Lockheed Missiles & Space; at Lockheed, Sunnyvale, Calif., Feb. 27-Mar.
1, 1962.

SPACE TECHNOLOGY Symposium,

SCINTILLATION

AND

TEXAS I
NSTRUMENTS

SEMICONDUCTOR

Counter Symp, PGNS of IRE, AIEE,
AEC, NBÉ; Shoreham Hotel, Washington, D. C., Mar. 1-3, 1962.
Symposium, Armed Forces Communications
& Electronics
Association;
Cocoa
Beach, Fla., Mar. 6-8, 1962.

MISSILES

EHV

&

ROCKET

TESTING

COMMUNICATION,

CONTROL

&

RE-

AIEE; Baker Hotel, Dallas,
Tex., March 14-16, 1962.

LAYING,

IRE INTERNATIONAL CONVENTION, Coli-

& Waldorf Astoria Hotel, New
York City, Mar. 26-29, 1962.

seum

CONTROL
Clinic, Rochester
Soc. for Q. C.; Univ. of Rochester,
Rochester, N. Y., Mar. 27, 1962.

QUALITY

ENGINEERING

ASPECTS

OF

NEW 2N964 SERIES
1!

TI's new germanium epitaxial mesa series offers:
• Rugged mesa construction
• Guaranteed 0.18 y max V cE(sat)
• Guaranteed 40 min beta
• Guaranteed 90 nsec max f
-Total
• High dissipation, low IcBce
Satisfy all of your ultra-high-speed switching requirements in
the 3ma to 100 ma range ...at greater economy ...with TI's
new 2N960-2N966 transistors. Call Electronic Wholesalers
now for immediate delivery, factory prices!

MAGNETO-

AIEE, IAS, IRE,
U. of Rochester; U. of Rochester,
Rochester, N. Y., Mar. 28-29, 1962.
HYDRODYNAMICS,

SOUTHWEST

IRE

show; Rice Hotel,
April 11-13, 1962.

CONFERENCE

Houston,

AND

Texas,

COMPUTER CONFERENCE, PGEC
of IRE, AIEE, ACM; Fairmont Hotel,
San Francisco, Calif., May 1-3, 1962.

JOINT

HUMAN
FACTORS
in
Electronics,
PGHFE of IRE; Los Angeles, Calif.,
May 3-4, 1962.
ELECTRONIC

COMPONENTS CONFERENCE,

PGCP of IRE, AIEE, EIA; Marriott
Twin
Bridges
Hotel,
Washington,
D. C., May 8-10, 1962.

NATIONAL AEROSPACE Electronics Conference, PGANE of IRE; Biltmore
Hotel, Dayton, Ohio, May 14-16, 1962.
MICROWAVE Theory & Techniques National Symposium, PGMTT of IRE;
Boulder, Colo., May 22-24, 1962.
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FROM WASHINGTON, D.C. TO FLORIDA...
ONLY ELECTRONIC WHOLESALERS OFFERS YOU:

Doorstep delivery of TI devices in hours — local in-depth
stocks plus local delivery facilities all along the Eastern Seaboard assure availability with no delay!

G

TI units for every need — high-quality, use-proved devices
for virtually every application ...and Electronic Wholesalers
stocks all types in depth: TI silicon and germanium transistors, diodes and rectifiers, precision carbon film resistors,
sensistor8 silicon resistors, tan-TI-cape tantalum capacitors,
silicon controlled rectifiers.
Your Authorized

Distributor

ELECTRONIC WHOLESALERS, INC.
MIAMI, FLORIDA
ORLANDO. FLORIDA HOLLYWOOD-FT LAUDERDALE, MELBOURNE, FLORIDA COCOA BEACH, FLORIDA IALTIMORE, MARYLAND
9390 N.W. 27th Ave. Tel: GArden 3.6411
FLORIDA
1301 Hibiscus 55,4.
Tel: SU 3.2206
3004 Wilkens Are,
Tel: OXford 6.1620 ST. PETERSBURG, FLORIDA
WAhnsh 3.2204
Tek PArkwoy 3.1441
WASHINGTON. D
.T
.
WI 0-3400
TWO: MMI86
Tel: ()Range 1-5171
WEST PALM BEACH, FLORIDA
TWO: MILI 7138
2340 shArAw „ Ave, N. W.
832•1766
HU 3.1200 TWX: WA 663
WINSION•SALEM, N. E. • US Burke Street • Tel: Perk S-8711 • TWO W. SM. 373
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Low Cost Cubic S-10 Data System Reads 100 Channels/Minute
Because of the high operating speed of the reed relays (used in the digital voltmeter) the new
Cubic S-70 Data System gives readings 6 times faster than any others using stepping switch
voltmeters. The Cubic S-70 monitors up to 100 separate channels, provides instantaneous large
digital readout on the voltmeter, and prints out apermanent record on paper tape of 100 readings
aminute. Yet it costs only $4650, afraction of the cost of most data systems now in use. Price
includes the Cubic V-70 Reed Relay Digital Voltmeter, the Cubic Scanner to rapidly sample 100
channels, and an 11-column printer. An ac-dc converter or a pre-amplifier may be added at
slight additional cost. The reed relays in the voltmeter assure you of at least adecade of flawless
service without periodic maintenance. This is a simple, pre-

cubic

packaged, standard system made up of production modules.

CORPORATION/

You simply plug it in and start recording data. For more
details on the S-70 Data System, write to Department E-111.

INDUSTRIAL
SAN

DIEGO

DIVISION

Il. CALIFORNIA • ROME.

ITALY

OTHER OFFICES: LOS ANGELES. CALIFORNIA-ROME. ITALY (CUBIC EUROPA S. p. A) •REPRESENTATIVES IN PRINCIPAL U.S. AND CANADIAN CITIES
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Practical Products for Creative Engineering

HOW TO HANDLE YOUR "HOT" SWITCHING PROBLEMS
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160° C
OAK HIGH TEMPERATURE SWITCH SECTIONS
have the stamina to stand up under aconstant ambient
temperature of 160°C. In fact, their clips have been
life-tested for more than 800 hours at this temperature
and still maintained their tension. There are several
reasons why Oak high temperature switch sections perform with such exceptional reliability. First, positive
contact is maintained by Oak's special double-wiping,
spring clip contact design. Next, Oak has developed a

special alloy that's downright reluctant to lose its
spring tension at these high temperatures. Last, Oak
rolls a.0006" layer of gold on this clip to doubly-assure
exceptional stability and contact performance. You can
order these sections in ceramic or Mycalex insulation
for Types FIX, HC, DHX, DHC, NC, JC, DLX, FC, and
FX switches. For more information, contact your local
Oak sales representative or send details of your application to our Applications Engineering department.

Creative Engineering

• Quality Comoonems

OAK IVANUFACTURING CO.
CRYSTAL LAKE, ILLINOIS

• Telephone: Crystal Lake 459-5000

OAK ELECTRONICS CORPORATION (Subsidiary)
ROTARY AND PUSHBUTTON SWITCHES
APPLIANCE CONTROLS

December 22, 1961
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Culver City, California

• TELEVISION AND FM TUNERS

CHOPPERS

•

ROTARY SOLENOIDS

• SUBASSEMBLIES
•

VIBRATORS

CIRCLE 21 ON READER SERVICE CARD

21

New
PH I
LCO matched
Silicon Choppers

2N2187
Matched pair of
Philco type
2N2185 SPAT
Choppers, in
TO-18 Packages.

HELP AMISSILE
Philco SPAT* choppers, industry's most reliable telemetry
multiplex switches, assure highest fidelity in multiplexing data.
from a missile's many sensors such as strain gauges and
thermocouples—data that is the only legacy of amulti-million
dollar missile flight. For this data is used in post-flight simulations which, in effect, make the missile "fly" twice.
Philco's missile-proved SPAT choppers are produced on industry's only fully-automatic chopper transistor production
line—to assure the uniformity so important to matched pairs.

Only Philco Choppers offer you these 6advantages:
1. Low Offset Current-1 nanoampere maximum;
2. Low Offset Voltage-50 yvolts maximum (for the matched
pair);
3. Guaranteed Match over atemperature range-25° to 85° C;

4. Guaranteed maximum offset voltage for a wide range of base
current values;

5. High gain-bandwidth product;
6. Meet all requirements of MIL-S-19500e
TYPICAL CHOPPER CIRCUIT

DRIVE SIGNAL

2N2185 CHARACTERISTICS

Emitter Voltage, 13V(c0

—30 volts

Collector Cutoff Current
lco (Vce= -10V)
Emitter Cutoff Current

.001 µa max.

!BO IVE8= - 1
1
:
1
V)
.001 µa max.
Offset Voltage Vg
118=-200 µa, lEr--0)
1.5 mv max.
Offset Voltage Vgc
12N2181 Matched pair, 18=-1 ma at
all temperatures from 25°C to 85°C.1 50 mvmax.

To assure maximum reliability in systems for telemetry, multichannel communications, analog computers, and other low
level data handling applications, be sure to specify Philco
SPAT choppers. There's a Philco SPAT chopper for every
application. You can choose from seven types (2N2181
through 2N2187).
For complete data, write Department E 122261.
Philco
SPAT Choppers
are immediately
available from
your Philco Industrial
Semiconductor Distributor.

PH ILCO.
Ian

9ivineue 6cr Quañe/ eweor&
Over

LANSDALE DIVISION •LANSDALE, PENNSYLVANIA
*Piffle° Corporation Trade?nark for Silicon Precision Alloy Transistor

COMMAND TRACKER, an antenna system designed to establish and main-

tain asatellite communications link,
has three primary functions. First,
it must achieve initial acquisition
of the satellite as it appears on the
radio horizon. Using a beamwidth
of about 20 degrees at 3-db points,
the antenna achieves acquisitions
without precise knowledge of the
satellite's orbit by locking on a vhf
beacon transmitted from the satellite.
When the command tracker system has locked on to the satellite,
a precision tracker is slaved to the
system to enable precision tracking
by a narrow beam of about 2 degrees beamwidth. When the precision tracker has locked-on and is
tracking the satellite, a narrowbeam shf horn antenna is slaved to
the precision tracker. The shf horn
antenna must be positioned precisely to establish communication
with the satellite in orbit.
Second, the command tracker
serves as an antenna for a groundbased vhf transmitter which transmits various coded signals to the
satellite. The command tracker has
atransmitter output of 200 watts of
unmodulated cw.
Third, the command tracker receives vhf telemetry data signals
from the satellite. These telemetry

signals could be simultaneously distributed to up to eight separate
telemetry receivers with 50 db isolation between receivers.
Command tracker transmit and
receive frequencies are separated
by approximately 13 Mc with the
transmit frequency lower than the
receive frequency. A diplexer and
additional filters in the command
tracker permit simultaneous transmission of command signals and
reception of telemetry data.
Two command tracker antenna
systems are to be installed, one at
Andover, Maine and the second at
Cape Canaveral. The ground system at Andover will be controlled
from a master control console; the
Cape system is to be used primarily
for gathering telemetry data from
and transmitting commands to the
satellite during the launch phase.
Once the satellite is in orbit, the
Cape system will continue to gather
telemetry data and transmit command signals as directed by the
Andover station.
The command tracker must provide (1) widebeam acquisition, (2)
precise angular tracking, and (3)
reliable operation. Both sequential
lobing and simultaneous lobing
techniques can provide the required
angular tracking accuracy with a
wide beam. The phase monopulse

TELSTAR—THE PRIVATE SATELLITE
Project Telstar is a Bell Telephone
System experimental communications
satellite.
Radiation Incorporated,
under contract to Bell Laboratories is
developing and fabricating two antenna systems. One of the systems is
to be installed at Andover, Maine,
the other at Cape Canaveral. Work
on the antenna is proceeding accord-

ing to schedule. The satellite equipment is being assembled at Bell
Laboratories and is expected to be
ready by the Spring 1962 launching
date. The entire project is being financed by AT&T. NASA is providing the Thor Delta launching vehicle,
tracking and range services, all to
be paid for by AT&T
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FIG. 1—Mono pulse antenna pattern of quad helix array. Difference
pattern null is 30 db below sum pattern peak

technique was chosen because it is
insensitive to amplitude variations
of the signal such as occur with
signal fade. Also, this technique
permits the use of a quad helix
array with no moving elements. A
typical monopulse antenna pattern,
Fig. 1, shows asharp difference pattern null 30 db below the sum pattern peak.
For good system reliability, the
servo control system is solid state.
Transistors are used in amplifying,
demodulating and limiting circuits;
power transistors are used in the
servo power amplifiers to drive the
field of a d-c generator. The transistorized power amplifier provides
increased system performance capability by removal of the long inductive time constant inherent with
magnetic amplifier and saturable
reactors.
The output of each helical antenna element, Fig. 2, is fed
through a quarterwave matching
line (100 ohms to 50 ohms) into a
comparator consisting of four hybrid rings. Each hybrid ring has
two outputs; sum and difference.
Hybrid configuration is such that
the two input signals arrive at the
sum output shifted in phase by the
same amount as at the two input
terminals while at the difference
output, one of the signals is shifted
in phase by an additional 180
degrees. The hybrid rings are interconnected so that three useful
outputs are obtained from the comparator; a sum signal (S), elevation difference signal (EL) and
azimuth difference signal (àAZ).
The angular error information is
contained in the phase of the difference signal relative to the sum signal. This scan is called phase-sensitive monopulse.
Sum and difference signals are
fed through high-pass filters into a
three-channel
phase
monopulse
tracking receiver, Fig. 3. Overall
receiver noise figure, determined
primarily by the preamplifier noise
figure, is 3.5 db. Conversion to the
30 Mc first i
-f is made by using a
crystal-controlled local oscillator
mounted in a temperature-controlled oven. Stability is 0.001 percent. More than -± 60 degrees of
phase adjustment is available on
each of three independent and isolated outputs from the first local
electronics
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oscillator. This adjustment eliminates the need for phase shifting
trombone sections.
The preamplifier, first Converter
and first i
-f in each channel are in
the antenna pedestal. The remainder
of the receiver is in the control
console. Conversion is made to 30
Mc i
-f at the antenna pedestal to
minimize phase shift and voltage
imbalance in the long coaxial lines
to the control console.
Identical amplifier and conversion circuits, common local oscillators, and age developed in the
sum channel is applied to all amplifiers in each channel to maintain
phase coherence between sum and
difference signals. A phase-locked
loop is utilized in the sum channel
to improve receiver threshold and
provide sum channel reference input to a phase-sensitive amplitude
detector in each difference channel.
Output of the detector is a d-c voltage, the magnitude and polaxity of
which represents angle and direc-

tion respectively, off-boresight of
the telemetry beacon receiver from
the satellite.
The azimuth tracking error signal requires secant correction since
the azimuth tracking error signal
is a function of the cosine of the
elevation angle, Fig. 4. At an elevation angle 41 an off-target error E,
is viewed along the boresight as
angle B which, when referred to
the azimuth plane, is an azimuth
angular error equal to angle A. At
an elevation angle of 4)% an off-target error E. refers back to the
azimuth plane as angle A. However,
error E% is subtended by an angle
B' which is smaller than angle B.
The azimuth error signal is determined directly by the off-target
angle B as viewed along the boresight of the antenna array. Since
B = A cos 4, then the azimuth
tracking error signal is a function
of cos 4,. The required correction
factor is inserted by placing a
cosine function potentiometer (me-

chanically driven by the elevation
angle) in the feedback loop of a d-c
amplifier. The transfer function of
the secant correction circuit is K
cos 4,
where K is adjusted to provide the
same scale factor input to the
azimuth position amplifier as is input to the elevation position amplifier.
en =

Tei
cos

(K cos c11.)

Therefore, e. = KK', independent
of ce..
The position amplifier and tach
amplifier circuits provide gain for
the input error signals and compensate for system parameters such as
backlash and compliance between
motor shaft and antenna load. Voltage output of a tachometer is
geared to the drive motor and fed
back degeneratively to increase stability of the closed loop system.
Armature feedback cancels the ef-

SYSTEM CHARACTERISTICS
Receive frequency
Minimum receive level at sum
channel preamp input
Transmit Frequency
Maximum transmit power

136-137 Mc
-135 dbm
121-125Mc
200 watts c-w
(uninodulated)

Antenna gain
Receive
Transmit
Beamwidth
Receive
Transmit
Sidelobe level
Polarization
Axial ratio
VSWR

21 deg
24 deg
—11 db
right circular
1db max
2:1 max

Receiver noise figure

3.5 db

Telemetry output
Gain above sum preamp
input
Noise figure
Receiver output scale factor
Servo velocity constant (IG)
Tracking accuracy
Maximum velocity
Maximum acceleration
Operational limits
Azimuth
Servo
Electrical
Elevation
Servo
Electrical
Mechanical stops

18.5 db
17.5 db

20 db min
3.5 db
0.25 videg
50 min
0.1 deg at 5deg/sec
15 deg/sec
dog/see'

*345 deg
*355 deg
—4 deg to +87 deg
—7 deg to +92 deg
—10 deg and
+98 deg

Wind load
Specified operation
Survival

45 mph
120 mph

Overall system accuracy

0.8 deg peak
0.57 deg rms

26

FIG. 4—Geometry of secant correction analysis
electronics

fects of bias and residual generator
field whenever the system is in a
standby condition.
Whenever the antenna is stationary, the tach loop is open because
there is no voltage fed back from
the tachometer. If a high-level
transient signal were fed to the
Servo System under these conditions, large drive signals would be
developed momentarily because of
the high forward gain of the open
tach loop. Not until the tachometer
actually started to move would the
tach loop be closed and the drive
signal reduced to a normal level.
The torque limit circuit prevents
the generator armature current
from exceeding 200 percent of full
load, thus protecting the load, gear
train and shafts from damage due
to excessive torques.
Operational mode is selected by
momentarily depressing one of five
active mode pushbuttons on the antenna control and monitor panel,
Fig. 5. These pushbuttons operate

a relay contact bailing circuit that
automatically deactivates the previous mode whenever a new mode
is selected. Slew controls inject a
voltage into the input of the tach
amplifier; this amplifier drives the
antenna at speeds up to 15 degrees
per second. Slew control is nonlinear
to provide slow speed capability
over most of the arc of travel of
the slew control. Limit overrides
are provided on each antenna axis.
Meters display the azimuth and
elevation tracking error voltage in
addition to the receiver carrier signal level. The operator can track
the satellite manually by using the
two slew controls and monitoring
the cluster of three meters. If he so
chooses, the operator can select the
auto-track mode in which the
tracking is accomplished automatically. In the auto-acquire mode, the
antenna system will automatically
lock-on and track a target that appears within the half-power sum
channel beamwidth
10 degrees).

In the precision-tracker mode, the
antenna system is slaved to the narrow-beam precision tracker.
A two-speed (1:1 and 36:1) follow-up instrument-type servo provides slave input through a synchro control transformer to enable
this antenna system to be slaved to
another system, decimal digital
readout information accurate to
within 0.1 degrees, and synchro
loop position control to hold the antenna against external disturbances
such as wind.
All of the circuits are packaged
on interchangeable cards. Included
is the power amplifier for the
azimuth and elevation channels of
the servo system. Spare plug-in
modules are to be available in case
of failure of one of the operating
units. All test points and bias adjustments are accessible without
the necessity of removing the card.
Use of transistors, especially in the
power amplifiers, makes this type of
packaging possible.

FIG. 5—Antenna control and monitor panel provides meter readings for azimuth and elevation error
December 22, 1961
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Photoconductive Matrix
Photoconductors provide decoding logic and gain to
drive decimal indicators of binary coded decimal counter.
Matrix also provides storage
By BLAIR H. HARRISON,

Hewlett-Packard Co.,

Palo

Alto.

Calif.

Assembly details show how photoconductor plate is fixed over the neon array
to provide decoding

IN SOLID STATE decimal counters,
many indicating devices require
high voltage or high current inputs.

In these devices, transistors cannot
conveniently supply the drive for
a readout matrix and still perform
reliably at high speeds. Usually the
binary information is decoded to
decimal and then sufficient gain is
provided to drive decimal indicating devices. Such an approach usually requires a resistive or diode
matrix plus ten transistor amplifiers per readout decade.
A recently developed technique
using photo-conductors and neon
bulbs provides the necessary gain
and performs the decoding logic in
less space. A feature of the photoconductor-neon matrix is its storage capability.
The photoconductor (Fig. 1) is
driven by eight neons that function
in binary pairs and are driven directly by the binaries in a binary
coded decimal (BCD) counter. The
photoconductor is manufactured on
aceramic plate. Figure 2 shows the
photoconductor decoding matrix.
The letters associated with the individual elements show which of
the eight binary neons across the
top is physically associated with
other elements. For example, when
neon A is lighted all elements
labeled A are in the high conductance state.
In the truth table, a binary ONE
in the A column indicates that neon
A is lit, while a ZERO indicates that
neon K is lit. For example, at the
count of seven, A B C and D are in
the 10 1 1states, respectively. This
means that the A B C and D neons
are lit. Inspection of Fig. 2 shows

FIG. 1—Decoding matrix uses photoconductor to simplify readout
28

the only complete conducting path
for this condition is the one in
series with the number seven.
Hence, the number seven would be
displayed. Similar paths are present for the other nine states.
The photoconductors make an
effective switching network. The
OFF-tO-ON ratios for individual elements approach 10, even when the
neons are run at low current (200
sa).
electronics

Simplifies Counter Display
The photoconductors replace a
circuit requiring 10 transistors, 10
diodes and 52 resistors.
The photoconductive matrix can
be adapted to other codes by replacing the photoconductor with one
having the proper matrix. Thus, if
binary information in the form of
lights is available, it is possible to
derive an output in any four-line,
eight-line, or ten-line code. Another
advantage is unilateral coupling.
The neon bulb is not affected by
what happens to the light it emits
so that variations in readout load
cannot affect counter operation.
The photoconductor-neon matrix
system permits storage.
While
transistors cannot presently drive
a decoding matrix and decimal
readout while performing reliably
in a BCD decade, they can drive a
binary readout. A photoconductor
matrix in counters takes advantage of this as shown in Fig. 3.
The count flip-flops are driven in
a conventional manner. Their outputs are coupled through diode
transfer gates to the storage flipflops. These flip-flops are actually
the eight storage binary neons

(Fig. 2) that operate the photoconductor matrix to determine display.
When a count is completed, the
transfer gate opens and the count
information is transferred to storage and display. Now the transfer
gate closes, allowing the count flipflops to gather new information
without disturbing the display of
the previous count.
The specific relationships of the
count flip-flops, transfer, and storage flip-flops for one binary pair
are shown in Fig. 4. Four such

TRUTH TABLE
Binary
No.

1

D
(1)

(2)

B

A

(2)

(1)

0

2

0

3

0

4

0

5

0

6
7

1
1

8

1

9

1

o
o

pairs are cascaded to provide the
operation shown in Fig. 2 and 3.
In Fig. 4 transistors Q, and 62 2
are the active elements in the transistor binaries, and in the quiescent
condition one of the two is always
saturated and the other is cut off.
Voltage at the collector of the saturated transistor is zero, while the
collector of the cut-off transistor is
—30 v. Lamps NE-A and NE-A
are preaged neons matched with
respect to firing and running voltages. Assume that they are typical
bulbs that run at 55 y and ionize
at 70 v. Diodes Di and D2 can be
assumed to be back-biased and,
therefore,
represent
impedances
sufficiently large that their effect
on the circuit is negligible. With
the conditions shown (Q, saturated
and Q2 off), NE-A will be conducting and will drop 55 y across its
terminals.
The current drawn will be (150
— 55 v)/ (390 K + 56 K) = 213
/La.
The voltage at A will be 56 K
213 p.a = 12 yand the voltage at C,
12 + 55 = 67 v. The voltage across
NE-À is 67-30 = 37 y, which is well

150V
STORAGE
BINARY
NEONS
A

(SEE FIG. 4)

-v

\

PHOTO PLATE
h

+V
FIG. 2—Matrix for 4-2-2-1 BCD counter shows how decoder lights lamps directly
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-150V

NEON OR IN- LINE INDICATORS

390 K
STORAGE FLIP/FLOP

STORAGE
FLIP - FLOP

STORAGE
FLIP-FLOP

STORAGE
FLIP- FLOP

- - - - - - - - --

STORAGE
FLIP -FLOP

TRANSFER ELEMENT
TRANSFER
INPUT

Di

L

_
.56 K

COUNT
FLIP- FLOP

COUNT
FLIP- FLOP

COUNT
FLIP -FLOP

COUNT
FLIP -FLOP

D2

(CONTROLLED
VOLTAGE )

56K

COUNT FLIP- FLOP

r--

7500

7500

•

-30 V

-35V

INPUT

FIG. 3—Storage technique can be used to obtain continuous readout.
Relationship of count to storage is shown

below the firing and running potentials, and NE-A will be extinguished.
This is a stable configuration and
will remain so until the binary
changes state. When a change of
state occurs, the collector of Q,
changes to -30 v, and Q2 saturates,
placing its collector at zero.
Now the voltage at A is
30 +

56K
390K + 56K
(150 v - 55 v - 30 v) = 38 v

and the potential at C is 38 y + 55
= 93 v.
This full

93 y appears across

NE:A and, since the ionization potential is 70 v, NE-A ionizes. With
NE-A conducting and Q, saturated,
the voltage at C is the same as it
was when NE-A conducted and Q,
was saturated. As before, the voltage across NE-A can be shown to
be only 37 y and, hence, NE-A extinguishes and another stable condition exists.
Thus, as long as D, and D„ are
reverse-biased, NE-A and NE-A
will follow the binary in such away
that the neon connected to the collector of the saturated transistor
will be ionized in the quiescent
state.
To store the information in the
neons, it is necessary only to shift
the voltage at point D in a positive
30

direction to zero volts. When this
is done, both diodes are forwardbiased and the potentials at A and
B are equal.
Since NE-A and
NE-A are now in parallel, and since
one of them is conducting, the voltage across the pair is clamped at
55 y and the nonconducting neon
will not ionize, since this requires
70 v. This is a stable configuration
and the binary information is
stored. The binary can now change
state without changing the information in the neons.
Since point D is driven by a
monostable
multivibrator
(not
shown) and all four transfer diode
pairs are connected to D, the transfer and storage of information is
accomplished simultaneously.
Life expectancy of the neons in
this circuit is good because the firing voltage can increase by more
than 20 v, compared to the running
voltage of the other neon, before
it will cease to ionize. Running
voltage can increase by 15 v, compared to the firing voltage of the
other neon before the storage will
fail. Indicated neon life expectancy
is in excess of 40,000 hours. This
storage system, when used with a
photoconductive matrix, can realize
almost any desired output with a
memory.
Another consideration is the
speed of response. When the photoconductor is used as a switch, its

FIG. 4—Voltage at D stores information in neon bulbs

conductance changes through several orders of magnitude. Thus the
rise time of a circuit is affected by
the impedance of the circuit. At
one impedance level the response
might be complete when only a
small part of the total change in
conductance has taken place. At
another impedance level, however,
total response would require the
total change in conductance and,
therefore, a much longer time.
Thus, switching time becomes a
function of conductance rate of
change and of the circuit impedance.
After acircuit has been designed
and
impedances optimized, the
photoconductor becomes the variable that must be controlled to get
the proper switching speeds. By
proper use of materials and construction, the speed of response
can be in the 300 iesec region. Usually, however, the parameters that
affect the switching speed of the
device also affect other characteristics important in a switching circuit.
For a device that has good resistance stability over a large temperature range and good lifetime
expectancy, it is generally necessary to establish total switching
time of a few milliseconds. These
speeds are excellent for visual displays because the eye itself has
much greater limitations.
electronics
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Oscillator output waveform, with a 10-cps emetrol voltage varying the frequency ± 20
percent front the center frequency of 1,000 cps

VOLTAGE CONTROLLED

Wide-Range Oscillator
Small-signal a-c resistance of junction diode is related to reciprocal of junction current over a two-decade range. Using this characteristic in a two-section R-C
shift network provides voltage-controlled phase shift

By R. A. GREINER
S. K. MORGAN
University of Wisconsin,
Madison.

Wis.

THE PROBLEM in the design of a
wide-range voltage-controlled sinusoidal oscillator is to find a voltage
or current sensitive impedance that
will vary predictably over a wide
range. Vacuum tubes' 2 and transistors' have been considered as
control impedances in voltage-controlled oscillators. Semiconductor
devices have small-signal impedances that vary over a considerable
range with bias conditions.
A control element was chosen and
incorporated in atwo-section phaseshift network to provide a voltagecontrolled phase shift. This controllable phase shift, when coupled
with an amplifier and an automatic
gain control, constitutes aconstant-
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amplitude voltage-controlled oscillator with afrequency range of over
two decades.
The quest for a voltage or current-sensitive impedance in semiconductor devices was pursued on a
theoretical basis by examining the
small-signal equivalent impedance
of p-n junctions. A complete analysis of the equivalent impedance is
complex, but for a range of bias
currents of a few decades and with
applied frequencies in the audio
range, the approximate equivalent
circuit can be considered to consist
of a capacitor and a resistor in
parallel.
The small-signal p-n diode resistance is derived from the ideal diode
equation.' It is given by
=

kr e
±

(1)

Thus for /, much greater than I„,

the small-signal resistance is proportional to the reciprocal of the
junction current. This holds true
only for the ideal diode; with an
actual diode the ohmic resistance
of the semiconductor and leads
must be taken into account. For
the audio range, the capacitive reactance of both the transition and
diffusion capacitance of the diode
is much greater than signal resistance at agiven bias level, hence the
diode is almost purely resistive.
The effect of changes in junctiontemperature
on
the
equivalent
small-signal resistance depends on
the applied bias. For constant-current bias with I much greater than
I„and at a temperature of 300 Kelvin, the relationship
r.,e =

kr ile
I, -

(2)

shows that the resistance changes
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VcC

these networks with isolation, a
phase shift of 180 deg is obtained
at w = 1/RC.In the present application the resistance R is the controlled diode resistance, r„_„ and
therefore the frequency at which
180 deg phase shift occurs is proportional to the diode current. Figure IA shows two diodes biased in
series used as the control element.
With the a-c coupling of C„, however, the two diodes are in parallel.
This arrangement is desirable,
since despite the low-level signal
amplitude the diode resistance is
slightly nonlinear with applied signal. The use of two diodes presents
a symmetrical resistance of the collector and hence reduces signal distortion.
Using the expression derived for
e, of the phase-shift network, the
deviation in frequency from the
predicted value due to extra phase
shift in the coupling networks and
additional circuits for two sections
in cascade is
= 27 — 4tan -icuRC
(6)

EQUIVALENT CIRCUIT

E0
E0

E1N

E21

(B)

(A)

E

IN

D.C.

GEO

(C)

(D)

FIG. 1—Phase-shift circuit, (A); its equivalent circuit, (B); block diagram of automatic gain control circuit, (C); simplified schematic of the
age circuit, (D)
about 0.3 percent per degree Kelvin.
Because of surface leakage current,
Eq. 2 is not exact for the silicon
diodes finally used, but it gives close
to the correct magnitude of the temperature dependence. For constantvoltage bias, the ratio of junction
currents at different temperatures
is 4
— L's ex [EQ—eV°
K 1
P

(3)

where I,, is the current at T., I, the
current at T, E„the energy gap of
the material, V. the externally applied junction voltage, ethe charge
of an electron, and k is Boltzmann's
constant. At 300 degrees Kelvin,
Eq. 3 indicates a change of about
15 percent per degree for silicon.
Thus it is advantageous to bias the
diodes in constant-current mode.
Although the control element
could be incorporated with any of
the conventional R-C phase-shift
networks, such as the Wien bridge
or the 3 or 4-section ladder network, a variation of an all-pass lattice network was chosen, as shown
in Fig. lA and 113. The transfer
function for this circuit, with RE =
RE,E,„ = E2 = —E,, X1 << R,
and a current source I, of infinite
impedance is
E„

jcoRC — 1
jcuRC + 1
_[(coliC),
uuR02
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E.
= 1 90°
E,

(5)

and thus
dco _ —1 ± (toRC) 2
(7)
(102
4RC
which becomes, for w = 1/RC,(Ito/
d4,2 = —w/2. Therefore, if the oscillator frequency is to be within 5
percent of the predicted value at a
given bias current, the cumulative
additional phase shift must be less
than 5.7 degrees.
In deriving the transfer function
of the phase shift network, simpli-

With the above assumptions the
circuit has unity gain at all frequencies and aphase shift that is a
function of the product RC. For a
constant phase shift of 90 deg
through the network, the relationship co = 1/RC must hold, and if C
is held constant, the frequency at
which 90 deg phase shift occurs is
proportional to the reciprocal of the
resistance. By cascading two of

1,000

100

11112

,Z 180° — 2tan -'coRC

Thus when (0 = 1/RC

1,000
goc. IN

(4)

10,000

100,000

èA1CROMHOS

FIG. 2—Bias current plotted against junction resistance for 1N748 diodes
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tional voltage gain as well as another 180-deg phase shift must be
introduced in closing the loop. The
derivation also neglected the reduction of gain at high frequencies
caused by the shunting effect of
the internal capacitance associated
with the transistors. Because capacitive coupling between sections
is necessary to isolate the controlling bias current, there is also a
reduction of gain at the low end of
the frequency spectrum. Some form
of automatic gain control is therefore necessary to keep the amplitude of oscillation constant at all
frequencies.
The diode equation (Eq. 1) shows
that constant current—hence constant r,_,—is obtained in the presence of a d-c biasing voltage only
when the amplitude of the input
signal is less than kT/e. Since kT/e
= 0.025 volt at room temperature,
the a-c voltage should be much less
than this for low distortion. Amplitude control is therefore necessary
to maintain the diode peak-to-peak
signal voltage in the low millivolt
range. Without such control the
oscillation would build up until the
nonlinear characteristics of the
December 22, 1961

—47

47K

CONSTANT GAIN
AMPLIFIER AND RECTIFIER

FIG. 3—Wide-range oscillator, with phase-shift circuit, upper left.

fying assumptions were made. The
voltage gain of the phase inverter
must be less than unity and hence
for oscillation to occur, some addi-

e

I

22K

OUTPUT AMPLIFIER

Signal then goes to lower left

amplifier or phase-shift network
limited further increases in amplitude. Under the usual bias conditions, this would be a peak-to-peak
voltage in volts, rather than milli-

tions may be combined to obtain

volts, resulting in severe signal distortion.

Therefore, if

The automatic gain control circuit consists of a variable-gain amplifier, a constant-gain amplifier to
increase the magnitude sufficiently
for rectification and control, and a
rectifier that feeds back to the initial variable-gain amplifier. The
load impedance and therefore the
gain of the variable-gain amplifier
is controlled by the rectifier output
so that it provides aconstant-amplitude signal. This is shown by analysis of the circuit of Fig. IC and
1D. Assuming that X, <<
<< Re, Ri «

and Z„

<<
E„

RL.
—RE

But
R L"

kT
1
— 2e Io I;

and
Ij = ¡[p

(V de— V5)
2kT/e

1]

Also, if Vd, = G lEol and lEin =
F E, where F is some positive
fraction, 0 < F < 1, these equa-

(InF±ln
2kT ie

2R EI.

G

R

2k7',/e(In

(11)

kT /e

2Rd.
I(2kT/e)ln F

(12)

then
VR
1
E01

2kT/e(In

k7' 'r
'
2REI

(13)

which is independent of variations
in F. Therefore, the output voltage
will remain constant despite variations in the gain F, of the phaseshift circuit.
Silicon 1N748 diodes were tested
to determine the relationship between diode current and the equivalent small-signal diode resistance.
Silicon diodes were chosen in preference to germanium diodes because
of their smaller leakage current,
which increases the linear range of
or g,. against current at low
currents.
Measurements show that the diodes are consistent in their behavior, as can be seen from Fig. 2. An
extension of the linear portion of the
graph verifies the effect of leakage
current. Although the data points
33

lationship between Vb and in (1,).
The over-all schematic, Fig. 3,
shows that emitter followers isolate
amplifiers to prevent loading effects

FIG. 4—Single section of phase-shift circuit with linear biasing
display a linearity on the logarithmic coordinates for about two decades of current, the slope differs
considerably from the slope of 1
predicted by theory.
The consequences of the nonlinear relationship between conductance and bias current on the control of frequency depends on the
control desired. Since the oscillating frequency is proportional to
the frequency will bear this
same power relationship to the control voltage when a current proportional to control voltage is used to
bias the diodes. If, however, an
exponential current source is used,
such as a grounded emitter transistor, the power relationship serves
only to vary the slope of the resulting V,, against frequency curve.
For the grounded-emitter configuration, the base-voltage collector
current characteristic can be approximated by
••••K, exp (K2Vb)

(14)

where K, and L are constants. But
I. = 1,, for this biasing scheme,
and if g„„ = A I", where A and B
are constants, then
g a-C

A

I'll

= In Kt

K2Vb

(15)

Then, since K, is a constant,
Vb

/(2-e

(
.
..e
K1'

in

(16)

The basic form of the relationship
is independent of B, and since frequency is proportional to g—, the
linear relationship between V,, and
ln (frequency) still exists. This is
a decisive advantage over the linear
mode of biasing. For the transistors used, the proportionality between Vb and In (I,.) holds for
collector currents less than 100 microamp, but deviates from this relation at higher currents. Thus, for Ir
greater than 100 microamp, it takes
a larger Vb to produce a given I,
than would be predicted by the low
current slope. This effect is due to
the ohmic resistance of the base
region. At collector current levels
below 100 microamp, corresponding
to bias currents less than 5 microamp, the effect of a base resistance
of 200 ohms would produce a deviation of less than a millivolt, which
for our application would be negligible. The 2N656 transistors were
chosen as the current source in the
oscillator because of their small
base resistance and consequently
small deviation from the desired re-

by succeeding stages. Capacitive
coupling between the phase shift
network and the emitter follower
blocks the d-c biasing current so
that the bias current is determined
by the current source. The equal
emitter and collector resistors are
small in value to reduce the output
impedance of the phase inverter.
For a given range of variable resistance, the value of C will determine the corresponding range of
frequency for which the phase shift
is 180 degrees according to the relation w = 1/r..„C. For a desired
range of frequency, C should be
chosen to correspond to the optimum range of resistance. This optimum range of resistance is limited at the high end by the
Lonlinearity that occurs when the
control current approaches the
value of the leakage current. When
a transistor is used as the control
current source, the low end of the
useful resistance control range is
limited by the deviation of the transistor from an ideal exponential
current source at higher currents.
Figure 5A shows a plot of the
base voltage to produce a phase
shift of 180 degrees against ln
(frequency) for the phase shift
circuit shown in Fig. 3. For this
frequency range, the magnitude of
phase shift due to capacitance coupling at low frequencies and transistor capacitance coupling at high
frequencies is negligible, and the
deviation from the linear portion of
the graph at the low and high ends
are due to the control limitations.
For the amplitude control circuit
of Fig. 1D the output voltage will
be approximately constant, inde-

0.5
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1,000
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1,000
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FIG. 5—Base voltage to produce a180-deg phase shift plotted against frequency, (A); control voltage against oscillator
frequency, (B), using exponential biasing
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pendent of variations of gain of the
phase shift network if Eq. (12) is
satisfied. The magnitude of the output voltage will then be determined
by Vs,Rs,the theoretical leakage
current of the diodes D, and 13 2,the
gain constant G and the temperature of the diodes. For the values
of components shown in Fig. 3, the
predicted value of E. is 0.0395 volt
peak to peak, close to the measured
value of 41 millivolts peak to peak.
The effect of temperature on the
amplitude is quite small for the
values chosen, causing an increase
in amplitude of about 2percent for
a 10 deg C increase in temperature.
Substitution of the constants listed
in Eq. (11) shows that the predicted
variation in E. is less than 7 percent for achange in the gain of the
phase-shift section from 1to 0.1.
The time constant of the voltage
doubler type rectifier must be much
greater than the period of the lowest frequency of oscillation to provide adequate filtering and d-c amplitude-control bias. Thus if the
oscillator is to be frequency modulated by an a-c signal, the frequency
of this modulating signal must be
much less than the reciprocal of
the rectifier time constant if amplitude modulation is to be minimized.
A series of tests to determine
over-all performance were performed on the oscillator with exponential biasing as shown in Fig. 3.
Figure 4 shows the modification in
phase-shift circuits when linear biasing is used. The results of these
tests are shown graphically in Fig.
5B through 7.
Figure 5B shows that the frequency of oscillation is variable
over a range of 2 decades with
about 5 percent deviation from a

10,000

100 I

3

10

30

Vc IN VOLTS

FIG. 6—Oscillator frequ en cy
vs control voltage, linear biasing
linear V. versus ln (frequency) relationship. The deviation at frequencies above and below this
range are due to the control limitations.
Figure 6shows the data obtained
for oscillator frequency against control voltage for the linear biasing
network of Fig. 4. The measured
slope of these data points is approximately 1.16. This is a direct
consequence of g._, being proportional to the bias current raised to
a power slightly different from
unity. A range of more than two
decades can be obtained with linear
biasing.
The amplitude of the output voltage is constant to within about 2
percent for the frequency range of
100 to 10,000 cps as may be seen in
Fig. 7A. This data was obtained
using a d-c control voltage. At the
upper and lower extremes of oscillation of 77,000 and 1.3 cps, the am-
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FIG. 7—Amplitude of output voltage is almost linear with oscillator frequency, (A); oscillator frequency against temperature for exponential
biasing, (B)
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plitude is about 1.1 volts peak to
peak.
The total harmonic distortion of
the output waveform at various frequencies from 100 to 10,000 cps
was measured. For this range of
frequencies, the distortion is low,
the highest measurement being 3.2
percent.
Because of the strong dependence
of the transistor collector current
on temperature for constant base
to emitter voltage, the frequency of
the uncompensated oscillator is
sensitive to ambient temperature.
For the circuit of Fig. 3 without
the thermistor compensation in the
base to emitter circuit, the oscillator frequency increases by a factor of about 3 for a 10 deg C rise
in ambient temperature. Figure 7B
shows the temperature dependence
of the thermistor compensated oscillator.
The linear biased oscillator with
no compensation revealed an almost
linear temperature dependence with
a slope of about 2 percent per 10
deg C rise in temperature.
The oscillator displays a remarkable stability with respect to
changes in supply voltage. Although
the oscillator was designed for a
V„ of 15 volts, the supply voltage
can vary over about a two to one
range and the oscillator frequency
will remain constant to within 2
percent at the lower frequencies
and to within 10 percent at the
higher frequencies. A two-volt deviation from 15 volts in supply
voltage
produces
a frequency
change of less than 1percent at all
frequencies from 100 to 10,000 cps.
For the case of the exponential
biasing mode, a center frequency
and slope adjustment are provided,
as may be seen in Fig. 3. The use
of a mercury cell provides a center
frequency control that is independent of supply-voltage variations.
The slope can be adjusted to yield
2 decades of frequency range with
achange in control voltage as small
as 0.2 volt or as great as 10 volts.

(1) Maurice Artzt, "Frequency Modulation of Resistance-Capacitance Oscillators," Proceedings of the IRE, 32, July
1944, p 409.
(2) M. E. Ames, "Wide Range Deviable
Oscillator," Electronics, 22, May 1949,
p 96.
(3) L. J. Giacoletto, "Transistorized RC
Phase-Shift Power Oscillator," IRE Transactions on Audio, AU-5, May-June, 1957,
p 59.
(4) R. A. Greiner, Semiconductor Devices and Applications, McGraw-Hill Book
Co., Inc., New York, N. Y., 1961.
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Generating Square Waves
Tiro tunnel diodes, a transformer and a power source produce
high-quality square-wave output for low-frequency applications

By JOSEPH M. MARZOLF,
U. S. Naval
Washington.

Research Laboratory.
D. C.

A TUNNEL DIODE oscillator circuit,
developed at the U. S. Naval Research Laboratory. was primarily

intended to convert power sources
of less than a volt, to higher, more
practical voltage levels. However,
the operating characteristic of
this oscillator, and the high quality
a-c square-wave output obtained,
make this circuit useful as a lowfrequency square-wave signal generator.
A typical circuit consists of two
tunnel diodes and a square-loop
magnetic core transformer, Fig. 1A.
Typical output wave shape is shown
in Fig. 1E. Operation of the circuit depends upon the tunnel diode
characteristic, exemplified by the
curve plotted for a germanium diode, Fig. 1C.
Several circuits have been constructed using tunnel diodes with
36

peak current ratings from 1 ma to
10 amperes. and designed for various frequencies. The circuits are
advantageous where thermoelectric
generators are power sources. Such
generators are hnv-voltage highcurrent sources and, as such, are
ideally suited as power supplies.
To understand how the circuit in
Fig. IA operates, assume that the
input terminal voltage is OR (Fig.
IC), and the slope of the load line
is such that this line intersects the
tunnel diode characteristic curvc at
point F. somewhere within the negative resistance region, that is, between the peak and valley points.
When the input voltage is applied
to the terminals in Fig. 1A, currents I, and !, will flow in the directions shown. If both loops including the diode characteristics were
identical, the currents would be
identical at all times and the circuit
would not oscillate.
However. in a circuit this condition is impossible, since the loop

impedances and diode characteristics will be slightly different. So
assume that I, is larger than I.. :01:1
quickly reaches its operating 1r
dynamical equilibrium point. C. in
Fig. 1C. When operating at this
point, AC represents the voltage
across the diode, CG represents the
voltage induced in the primary
winding by the changing flux in the
core and represents the induced
component of the load voltage referred to the primary circuit. and
GI! represents the ir drop of tho
primary circuit. The sum of these
three voltages equals input voltage
OB.
The changing flux in the core induces a voltage in the lower half
of the primary winding also equal
to CG. However, polarity adds to
the input voltage in determining
the voltage impressed across the
lower tunnel diode. Thus, if RE is
made equal to CG and the load line
DE is drawn parallel to BG. the
operating point for the lower loop
electronics

FIG. 2—Idealized
magnetic core

hysteresis

loop for

the

Square-wave generator using tunnel diodes
current rating of approximately 10 amperes

having

a peak

With Tunnel Diodes and Cores
is established at point D. Thus, in
the lower loop, KO is the current,
KD represents the voltage across
the diode and DL represents the ir
drop in the primary loop. The sum
of KD and DL equals the sum of
the input voltage OB and the induced voltage BE.
Thus the parameters of the circuit constrain operation so that
while the core flux changes from
W to X in Fig. 2, the induced voltage CG remains constant. Both the
magnetizing current and the load
current remain constant.
When the core saturates (point
X of Fig. 2), suddenly the induced
voltages CG and BE decrease rapidly. The only way this can happen
with the operating points remaining on the diode characteristic
curve is for the difference between
I, and 12 to increase rapidly. This
can only be accomplished by I, increasing and 12 decreasing. Thus C
moves toward P, and D moves toward V. Also the operating point
for the transformer core moves
from X to Y.
When the peak and valley points
are reached, (1, — 12) no longer
increases because of the tunnel diode characteristics, and an unstable
condition occurs. Rapid transient
conditions cause the operating
December 22,
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point for the upper loop to shift
from P to M, and the lower loop
to shift from V to N. Operation at
these points requires that the induced voltage in the windings be
reversed, which is accomplished by
a rapid decrease in (I,— 12). Thus
I, must decrease and I, must increase very rapidly, causing the operating point of the upper loop to
move from M to D and the lower
loop to move from N to C. During
this time the transformer core operating point moves from Y to Z
in Fig. 2. When point Z is reached,
the flux decreases from Z to U establishing astable condition similar
to the period while traversing the
distance WX with the exception
that the induced voltages in the
windings are now reversed. This
condition with the operating point
for the lower loop at C and the upper loop at D will continue until
the core saturates in the negative
direction. At this time the circuit
quickly switches to the initial conditions and completes one cycle of
operation, which will now be repeated. Since the switching transient takes place rapidly, the load
voltage is an a-c square wave.
Frequency output of the circuit
depends upon the size and material
of the core, the number of turns on

the primary windings, and the input voltage. These are related by
E —N

2
BA 10-

where E is the voltage across the
coil in volts; N is the number of
turns on each half of the primary
windings; B is the maximum flux
density of the given core material
in gausses; A is the cross-sectional
area of the core in square centimeters; and tis the time duration of
one half cycle in seconds.
Power output of the circuit depends upon the peak currents of the
tunnel diodes, since the input voltage is limited to approximately 0.25
volt (for germanium). At present,
tunnel diodes can be made in the
ampere range, but no theoretical
peak current limit exists. Apparently the peak current is afunction
of cross-sectional area only.
Improved fabrication techniques
should produce the large-area uniform junctions for higher peak currents.
The impedance of the primary
circuit, including the input generator, must be low for the circuit to
oscillate in the mode explained.
However, considerable latitude is
permitted in the secondary circuit,
because of the normally high voltage step-up of transformer.
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DIODE AMPLIFIER HAS TENWide-band amplifier uses
diode biased with r-f to
produce 30 to 40-db gain.
Input impedance is
greater than 10" ohms
with frequency response
of 3cps to 200 Kc
within 3db
Author adjusts amplifier (1); close up of

By DENES ROVETI,
Denro Lab, Washington 9, D. C.

and measuring the output of high impedance sources having a wide bandwidth is simplified
by a solid-state amplifier with high
input impedance. The amplifier, of
the parametric type, has an input
impedance of 10'" to 10" ohms and
serves as a buffer amplifier or impedance transformer at low energy
levels. In the amplifier, the total
energy of a silicon diode is varied
by the input signal to obtain power
gains of 20 to 40 (lb.
Low-energy pulse experiments
and electrostatic field variation
RECOVERING
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prototype

am plifi( rand pump source shows component layout

measurements led to the development of the amplifier. Requirements
included an input impedance in the
order 10" ohms, minimum input
shunting ca pac itance, bandwidth
ranging from less than 1cps to several hundred kilocycles and input
power levels as low as 10 -" watts.
Present transistor feedback techniques make these requirements
difficult to achieve.
The inherently high input impedance of the resonant slope amplifier'
suggested an approach to
obtaining the performance.
But
first the time constant of the input
circuit must be optimized to improve low-frequency response and
input impedance. This necessitates
elimination of d-c biasing which, in
turn, causes additional response
limitations and stability problems
at higher input impedance levels
since the biasing is usually established in series or in parallel with
the source impedance.
Using the self-biasing action of
a diode excited from a-c solves the
problems. This self bias with a-c
drive sets the depletion layer capacitance of the diode to a fixed
reference value to establish the reactance for the control element.
Variation of capacitance and leakage of atypical diode used is shown
in Fig. 1A.
Figure IB shows the circuit for
the resulting high-impedance parametric amplifier. Diode D, is the
energy storage element and the

(1)

crystal-controlled transistor oscillator is the pump-frequency source.
A low-capacitance connector minimizes input capacitance IC.„„.,,,., =
0.02 to 0.03 pf ).
Like the magnetic amplifier, this
pa ra metric amplifier is supplied
from a high frequency a-c. or pulse
pump source. The crystal controlled
oscillator should have low internal
impedance (50 ohms or less) and
low spurious noise level. The low
internal impedance is necessary to
supply enough energy at any instant to D„ D„ L,, C., as the input
signal varies the total charge stored
in the diodes. High internal impedance (R >> 50 ohms) results in
harmonic distortion in the output
especially at the low end of the frequency spectrum.
Regardless of the type of oscillator, a minimum spurious noise
content is essential to obtain low
noise level. With the oscillator in
Fig. IR, minimum noise at the output with input open is about 200 µv.
The
high-frequency
constant
voltage and frequency source (with
low R and low noise) is connected
to L, and C. The Q of L, is around
60. With higher Q values more voltage gain can be obtained (output
voltage is proportional to the steepness of the resonant curve) at the
expense of stability and bandwidth.
With lower Q values, voltage gain
is sacrificed for wider frequency
response and increased stability.
Design consideration of the reelectronics
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FIG.1—Reverse bias determines capacitance and reverse
leakage (A). Drain on 18v supply in (B)

quirements decide
quality factor.

the

optimum

High side of the tank coil is connected to silicon (D,) and germanium (D 2) diodes having high reverse leakage ratios: R
, for
> 20,000 under small signal
a-c and reverse biased d-c conditions. This ratio is related to the
maximum
real-impedance-component transformation that can be
obtained from the amplifier. A high
ratio is desirable for optimum performance. The diodes can be connected in any polarity to the tank
coil without affecting the performance of the amplifier appreciably.
At the output, value of the resistive and capacitive load component is decided by voltage gain and
bandwidth requirements. Higher
power gains can be obtained at
lower R levels with optimum value
about 100 kilohms.
The Table shows how output voltage varies with load. These values
are for an input signal of 0.5 I/ rms
at 10 cps and a power source of
27 Mc, 50 ohms, 1y rms. For good
high-frequency response, the output
circuit's time constant should be
low
> > R, CI); for example, the load resistive component
(R,) should be 10 ohms or less with
shunting capacitance C, of 10 to 20
The

input

signal

is

applied

through C, which can be adjusted
from 0.0001 pf to a few pf to suit
operating conditions. For unity
December 22, 1961

voltage gain, C, should be approximately 5 pf. with lower input
pacitance, the voltage gain is
duced proportionately (at 0.01
voltage gain = 0.01/5 = 0.002
other characteristics are not

carepf,
but
af-

fected). This is useful for capacitance and dielectric constant measurements in awide frequency range
(1 cps to 200 Kc within 3 db).
Capacitor C, swamps out any
change that may affect operating
point on the resonant slope caused
Iy variation in the signal source
impedance. With fixed input source
impedance, C2 is not required.
Another function of the high pass
input circuit (C„ C2)is to maintain
the self-bias d-e value on Di in an
unloaded condition so that in the
dielectric and in R parallel only the
loss component has to be supplied
during the forward conduction
cycle. When C2 is not used and C,
is small, a fixed capacitance of 0.1
to 1 pf is needed to build up the
self bias and to affect the tank cir-

AM PL1 FIER OUTPUT
Load
Resistance

Outpul
Voltage

in Ohms

in mv

10 7
101
105
10 5

100
97
68
20

Power
Output
in Watts
0.1
0.94
4.6
4

X
X
X
X

10 -8
10 -8
10 -8
10 -8

is 23

ma

cult's impedance while the depletion layer capacitance of Di is
changed by the input signal.
In Figure 2 curve A shows frequency response of the parallel
tuned circuit in variation of d-e
self bias. Change in the amplified
output voltage is indicated on
curves B and C as the pump frequency is varied from 24.5 to 28.5
Mc. Input voltage is kept constant
at 0.5 volt and 100 cps and the pump
voltage at 1volt rms.
Curve A displays a narrower response at high frequency and a
wider band on the low end than expected on the basis of linear circuit
elements. Measured Q of the parallel resonant circuit C„ and L, was
65 at 27 ±--1 Mc, giving abandwidth
of 415 Kc assuming linear elements.
Actual asymmetrical bandwidth
is 500 Kc with 100 Kc on the high
side and 400 Kc on the low end. The
wider
bandwidth
results
from
loaded Q (1 megohm at output)
and from the loss components of
the diodes. Displacement of the
resonance curve symmetry and the
broad response at the low frequency
side is attributed to the nonlinear,
resonant effects in the diodes.
Output voltage variation with
pump frequency is shown on curve
C below resonance, and on curve B
above resonance. Experimental results indicate the voltage gain of
the amplifier is proportional to the
slope of the resonance curve. At
39

slope. The equivalent input circuit
is also shown.
For an input signal of 100 cps,
R. of the diode is much greater
than its capacitive reactance and
R. can be neglected. Inspection of
the equivalent high pass capacitive
divider indicates that àof the input
signal is across the junction capacitance and is superimposed on the
d-e self bias. Using Fig. 1A, this
input voltage component can be
used to find C.
Figure 3 shows how the incremental capacitance change, with an
input voltage of 0.5 y rms (0.5/3
across junction) causes 5 to 6 Kc
frequency deviation. This à f produces 0.282 NY peak to peak at the
output while the output signal is
traced by the changing operating
point Pi.
For good low-frequency response
and for minimum signal loading,
D, must have low capacitance and
low reverse leakage. However, this
is difficult to obtain as there is no
one process that yields, at one time,
low capacitance and low leakage.
Usually, low capacitive diodes are
made by variations of the diffusion
process while low leakage units are
made by the alloy process.
The high conductive silicon diode presently used in this amplifier
has these typical characteristics:
= 0.00005 to

the resonant frequency, slope of the
resonant curve is zero and the output, therefore, is also zero. As the
frequency deviation from the resonance point increases, an optimum
steepness is reached on both sides
of the envelope giving two maximum voltage outputs. These maximum output points occur at the 3db points. Below the 3-db points,
the output voltage slope response
is close to the envelope response
slope.
For small input signals (under
2 NO there are four distinct operating regions for the amplifier: below
or above resonance; below or above
the 3db points. On any one of these
regions the operating point can be
chosen by adjusting L„ Ca or the
pump frequency.
For high linearity in a wide input signal range (500 pv to 1 y
rms) operating point on curve B
above the 3-db point gives the optimum performance. With a pump
source frequency stability of 50
parts per million, output voltage
drift will not exceed more than 1
percent.
In Fig. 3, the dynamic operating
condition of the amplifier is clarified by expanding the section of the
envelope response curve between
the resonant frequency and the upper 3 db point. Inductance L, and
the lumped C (C3, D„ Da, Ca, Ci)
resonates at 27 Mc as before, and
the variable frequency oscillator
is adjusted to 27.086 Mc to shift
the operating point P, of the amplifier to the linear part of the

0.00002 ea
at —9.1
C = 0.5 to 3 pf
These diodes, not generally available, are produced to specification.
Typical applications of the ampli-

fier include detecting the variation
of charge density patterns in electrostatic display devices (these
charge densities are converted into
fluorescent light), detection of
slowly changing electrostatic fields
through air or other dielectric
medium, and analyzing stresses of
vibrating elements to record variations in the amplitude and frequency without loading or touching
the vibrating member in a wide
frequency spectrum.
Other practical applications include measuring voltages and observing wave shapes of insulated
wires by placing an alligator clip
or probe (with ashield to eliminate
60 cycles) on the insulated wire
and tracing any circuit from a few
cycles to several hundred kilocycles
without making actual contact.
The amplifier has the following
specifications: minimum input impedance of 10' ohms at the low frequency end (plus input connector
capacitance), frequency response
of 3cps to 200 Ke within 3 db, output impedance of approximately 1
megohm and 3to 10 pf, voltage gain
of 0.1 to 0.5, power gain of 20 to
40 db, output voltage of 0.5 volts
maximum and noise level in microvolt region (typical noise level with
crystal controlled transistor oscillator is 200 ¡iv).
REFERENCES
(1) E. A. Sack and G. W. Penney, Voltage Gain of a Resonant Dielectric Amplifier, EuccruoNics, p 428, Sept. 1955.
(2) G. W. Penney, E. A. Sack and E. R.
Wingrove; Frequency Response of a Resonant Dielectric Amplifier; ELECTRONICS,
p 119, May 1954.
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NEW FROM 1_7«3 [11
CINCH... Printed circuit
board edge connectors
to maintain positive contact!

NOW AVAILABLE FOR IMMEDIATE DELIVERY!
Bifurcated Contact Connectors with two flexing surfaces
instead of one to provide positive contact! ... accommodate irregularities in Printed Circuit Boards.

.128 DIA
(211011S

TWO TYPES-conventional wiring tail (type 251) or dip
solder (for .051 dia. hole) (type 252) ... with 6to 25 contact positions (12-50 contacts).

TYP.

INSULATION--glass filed diallyl phthalate type GDI
30 per MIL-M-19833.
POLARIZING KEYS-can be supplied loose, or inserted in any position designated.

333,a5CARacearrov,WTH
442

f

25O'5'
T--

1
' '17

FINISHES-phosphor bronze or beryllium copper ...
.00003 Min. Sel-rex. gold plated.

11:

PART NUMBERS-customer part numbers imprinted
when required.
MEETS MIL-C-21097 A (ships) specs for printed wiring
board connectors.
WRITE FOR FULL INFORMATION
TODAY! Complete details and performance specifications on new Bifurcated Cinch
Printed Circuit Board Edge Connectors are
available for the asking. Write for full information now.

CINCH MANUFACTURING COMPANY
1026 South Homan Avenue

• Chicago 24, Illinois

Division of United-Carr Fastener Corporation, Boston, Massachusetts
Centrally located plants at: Chicapo, Illinois: Shelbyville, Indiana; City of Industry, California and St. louis, Missouri

Contact*
Positions
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

-f-

-1 -

DIMENSIONS
A
1.098
1.254
1.411
1.567
1.723
1.879
2.036
2.192
2.348
2.504
2.661
2.817
2.973
3.129
3.286
3.442
3.598
3.754
3.911
4.067

B
1.239
1.395
1.552
1.708
1.864
2.020
2.177
2.333
2.489
2.645
2.802
2.958
3.114
3.270
3.427
3.583
3.739
3.895
4.052
4.208

C

D

1.531
1.687
1.844
2.000
2.156
2.312
2.469
2.625
2.781
2.937
3.094
3.250
3.406
3.562
3.719
3.875
4.031
4.187
4.344
4.500

1.785
1.941
2.098
2.254
2.410
2.566
2.723
2.879
3.035
3.191
3.348
3.504
3.660
3.816
3.973
4.129
4.285
4.441
4.598
4.754

*Number of contacts equals contact positions times two.

RESEARCH AND DEVELOPMENT

Disk Resistor Permits Impulse Current Studies
By F. H. INDERWIESEN,
E. J. MARTIN, JR.,
P. C. PATTON
Midwest Research Institute,
Kansas City. MO.
DISK-TYPE

current-viewing resistor

has been developed for impulse current studies. Self inductance in the
compact resistor is only 0.025 microhenries, and its performance is
said to be significantly better than
that of the coaxial resistor. The
current-viewing resistor was designed at Midwest Research Institute, where it was required in development of a 2,500-joule
flash
photolysis and flash spectroscopy
instrument.
Measuring peak current impulses
of about 10" amperes or viewing
them on an oscilloscope is required
in such diverse fields as plasma
physics, nuclear fusion and exploding wire studies. However commercially available current-viewing resistors are expensive and often
have limited current-carrying capacity.
Although
the
coaxial
shunt
resistor' is often used, the shunt
must be relatively long to develop a
satisfactory voltage for even large
currents.
also has
capacity
force of

The coaxial shunt resistor
limited current-carrying
because of the crushing
the magnetic field on the

outer conductor.
The geometrical design of the
disk resistor eliminates the undesirable properties of conventional
current-viewing resistors. It is relatively small, easy to make, convenient to use and accurate. The disk
resistor also has high currentcarrying capacity as well as low
self inductance.
The resistor in the photograph
provides a voltage output proportional to current supplied to a 0.5ohm load in flash photolysis experiments. The design is a variation
of the radial-plane geometry'. Current enters the center terminal of a
thin resistive disk, flowing radially
outward and leaving the disk at the
circumference. The 0.005-inch thick
42

disk is made of e302 stainless steel,
which is nonmagnetic and has relatively high resistivity (about 7.2 x
10" ohm-cm).
Current enters a low-resistance
connection to the center of the disk.
The disk is clamped securely at the
outer edge by heavy copper rings
that form a low-resistance current
exit electrode. A BNC connector on
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the base (grounded) electrode provides coaxial output to an oscilloscope or other instrument. Total
d-c resistance measured with a potentiometer bridge was 0.0015 ohm
for a disk with an active radius
of 1 inch. (Active radius includes
only the radius of the stainless steel
resistive material between its inner
and its outer circumferences.)
Since for practical purposes current flows only in the radial direction, the resultant magnetic flux is
essentially parallel to the plane of
the disk. Thus magnetic forces on
the disk resulting from interaction
of disk current and magnetic field
are small even for large currents,
and there is little danger of disk
rupture. Current-carrying capacity
is limited by thermal rather than
mechanical properties of the disk.
The factors that result in small
magnetic forces also result in low
self inductance. For an active radius of 1 inch in a nonmagnetic
disk, self inductance is 0.025 x 10 henries.
The relatively small size and the
geometry permit short leads for
connection to the load. In some
cases, leads can even be an integral
part of the load. For longer leads,
a coaxial line can be used with the
current-viewing resistor forming
part of the line termination. The
compactness and geometry of the
disk resistor also result in low inductive and capacitive coupling,
electronics
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DESIGNED FOR
• Low Maintenance Cost
• Instant Efficient Operation
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in Durability
NICAD Sealed and Vented Cells make
practical the battery operation of many
types of equipment not previously suited
to dry, mercury, or lead acid types.
Capable of sustained or stable voltage
over a wide temperature range these
NICAD Cells have extremely long life,
require little or no maintenance, and
are always ready to operate in any
position under even the most adverse
operating conditions... with POWER
to spare.
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For the full POWER story, write . . .
GOULD-NATIONAL

V

NICAD BATTERY DIVISION

GOULD-NATIONAL
BATTERIES,
BATTERIES INC

t i4-ffl%>
1
INTRODUCING
LADDERTRON
X
/
A NEW TUNABLE HIGH POWER CW MM-WAVE KLYSTRON

INC. E-1403 First National

Bank Bldg., St. Paul 1, Minn.
[NICRIDJ is a trademark of Gould•National

V

\

LADDERTRON, asingle cavity, multi-gap klystron, employs
o strip beam system, that permits LOWER BEAM VOLT-

Batteries, Inc.

CIRCLE 200 ON READER SERVICE CARD

Seen
the new
IDEA
INDEX
IN EBG?
The INDEX to the editorial articles in electronics magazine,
previously published annually in a December issue, now appears ONLY in the EBG. Another original EBG idea that
saves time and trouble for users! Keep your EBG copy on

your desk!

EXTRA!
Also in the EBG are condensed ABSTRACTS of all the editorial feature articles which have appeared to date in 1961.
Another reason why EBG is used more by all four — men in
research, design, production and management.

AGE CW OPERATION FOR VERY HIGH POWER USE.
The frequency of the LADDERTRON is mechanically
tunable overo range of 1,000 Mc, and the control electrode modulation enables the electronic tuning in a range
of 40 Mc.
The 2 models now in production are the 35F10 with a
frequency of 35 K Mc and an output of 5watts, and the
50F10 with ofrequency of 50 K Mc and an output of 5
watts.
Model No.

35F10

Output Power

50F10

5W

5W

Center Frequency

34,000 Mc

50,000 Mc

Mechanical Tuning Range

±750 Mc

±
-1,000 Mc

Resonator Voltage

1,850V

Cathode Current

110 mA

120 mA

Electrical Tuning Range

40 M c/s

40 M c/s

Water Cooling

0.5 1/min.

0.5 t/min.

2,140V

01K11

electric indust ry
eo.. ltd.
TOKYO JAPAN

FOR DETAILS, WRITE TO:
Sole Distributor in U.S.A.

Butler Roberts Associates, Inc.
4471, N.W. 36th Street,Miami Springs, Fla.

McGraw-Hill Publication,
330 West 42nd St., New York 36, N. Y.
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202 East 44th Street,NewYork 17, N.Y.
Frank Thomas P.O. Box 1377, Santa Barbara, Calif.
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NEW
StrombergCarlson
lightweight
telephone
•dsetS

and, as aconsequence. the disk-type
current-viewing resistor provides
good isolation and shielding of the
potential circuit from the current
circuit.
The circuit in the figure was used
to study characteristics of 2.500joule flash discharges. which is a
typical application of the currentviewing resistor. The load is a gas
discharge lamp used for photolysis
excitation.
To transmit voltages pulses developed across the disk resistor to
an oscilloscope, 20 feet of RG 62/U
coaxial cable is used. The resistor
on the ground side keeps potential
on the cable low. The cable is terminate(l at the oscilloscope in its 92ohm characteristic impedance, and
another 92-ohm resistor is connected in series with the coaxial
cable input for matching Ito damp
reflections that might resuLt from
imperfect termination at the oscilloscope). The components selected
for each of the two 92-ohm resistors are nuninductive metallized
film resistors.
The 2:1 voltage division resulting from using two 92 ohm rean overall factor of
1,3:13 amperes per volt at the oscilloscope terminals. With an input
limit at the oscilloscope of 500 volts
sistors gives

peak, the circuit can theoretically
be used for viewing current pulses
having peak values of up to 666.500
amperes.

• .for a wide range of applications such as dictating systems, mobile radio, carrier
and microwave.
These new lightweight Stromberg-Carlson handsets. No. 33 and No. 35, incorporate push-to-talk switches, broadening the range of their applications.
Both feature highsain, high•efficiency
transmitter and receiver.
The No. 33 model is furnished with
a bartype switch, located on the underside of the handle.
The No. 35 handset is furnished with
a button switch on the side of the
handle near the receiver end. Also
available with both button and bar
switches.
For technical details and ordering
information, contact any of these sales
offices: Atlanta-750 Ponce de Leon
Place. N.E.; Chicago-564 W. Adams
Street; Kansas City (Mo.) -2017 Grand
Avenue; Rochester-1040 University
Ave.; San Francisco-1805 Rollins Rd.

GENERAL DYNAMICS
TELECOMMUNICATION
44

CIRCLE 44 ON READER SERVICE CARD

Measurements and calculations
indicate that performance of the
disk resistor compares favorably
with other current-viewing resistors. Characteristics are compared
with those of a coaxial shunt resistor in the table. The disk resistor is

Ty pica( Circuit uses disk ren into rto
riew ce rrent pulses
superior in size, current-carrying
capacity and low self inductance.
Mathematical analyses have not yet
been made of skin effect on impedance or mutual inductance between
the current and the potential circuits. However there is no detectable deterioration of output pulses
compared to input pulses of known
amplitudes and rise times under
one microsecond when viewed on an
oscilloscope.
REFERENCES
(I) .1. IL I'ark, Shunts and inductors for
Surg,.-e urren t M,asurvinent. .looe I s of
Nes. it 1,is, (2. Sep. I!, 47.
(2) C. (). A"lont2,oini•ry,
n
.,r MiNleasurements, Lab,o•at,,ry Series,
Inc., New Ytrrk,
1:
,47.
( :1)
\VnI.iig
Pala for Sta inless Steol.
Carpenter Sti•i•1
p 4.
I.1) J. A. SI
"EleVtr ,111:1}=.111.1h . Theory," Me( ;raw- Hill Book Co.. Ietc.. New
York, p 2.14. 1941.

Square-Rooting Circuit Is Stabilized
method of obtaining a square root
is unstable, a combination of these
two techniques is especially valu-

By A. MOSES,
lais Cruces

ti

M

STABILITY uf circuits used in analog
computers for obtaining square
roots can be improved by incorporating an integrator in the loop.
A multiplier is often used to obtain the square root of an analog
input voltage.' Integrators are used
to obtain solutions to simultaneous
linear equations. 2 When the usual

INTEGRATOR

e2 2INVERTER

MULTI- 100
PLIER

able.
In the arrangement in the figure,
—de,/dt = oc, — bce: 100. Following the initial transient condition,
the steady-state solution exists
when deddt = 0. Therefore e, =
10 (ree,lbc). By making be = 100e,
= e.
If desired, the constant be can
be in increased by using gain c in
the inverter.
REFERENCES
(I) S. Seely, "Electron

Tube Cirellit,"
p 154. Mc(raw-Hill Book Co., Inc., N. Y..

Sqiut re-root ei era it for analog compute rs includes integrator

Y

2)
'5(1.0.
A. Korn and T. M. Korn. "Electronic Anal' )g Computers. - y 16. MeGra
Hill Book 01.. Inc.. N. Y., 1956.
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SEEN THE NEW
IDEA
INDEX
IN
EBG

Ideas in
Electronics
from
Norton

The INDEX to the editorial articles in electronics magazine,
previously published annually in a December issue, now appears ONLY in the EBG. Another original EBG idea that
saves time and trouble for users! Keep your EBG copy on
your desk!

The electronics industry became agiant before it became
ababy.
This outstanding growth has been largely due to the development of new materials — refractory materials with a
great range of electrical properties. The prime source of
these idea refractories is Norton Company.
For example, refractory fused alumina has high constant
resistivity, to assure minimum leakage between elements
in TV, radio and radar tubes. The same material is arecent
innovation for transistor potting. Norton silicon carbide is
an essential component in lightning arrestors and other
non-linear resistors because of its variable voltage-current
relationship. Silicon carbide is also finding new uses in
microwave absorption, and as single crystals in high temperature rectifiers and transistors.
Fused magnesium oxide, used in most heating elements
for electric ranges, has gained acceptance in such areas as
advanced thermocouple design and infrared transmission.
Norton offers awide choice of super-refined refractories,
including oxides, bondes, nitrides and carbides, and is
ready to work with you in engineering materials to meet
your needs. But above all, Norton offers ideas in every field
in which refractory materials play a part.
Write NORTON COMPANY, Refractories Division, 691
New Bond Street, Worcester, Massachusetts.

EXTRA!
Also in the EBG are condensed ABSTRACTS of all the editorial feature articles which have appeared to date in 1961.
Another reason why EBG is used more by all four — men in
research, design, production and management.

REFRACTORIES

Crystallizing ideas into products
December 22, 1961
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COMPONENTS AND MATERIALS

Micron-thin coatings, applied to bearings and other rotting and sliding surfaces by Erica Fliege and A. F. Kaspaul
of CBS Laboratories (left) may hold important promise for aerospace components. At right, electrical and mechanical tests on slip ring assemblies coated with the dry lubricants show that operating life of these assemblies in high
vacuum and high pressure systems can be extended up to 100 times

Thin Films Solve Friction Problems
VACUUM DEPOSITION techniques for
laying down successive layers of vaporized metals in controlled
amounts on surfaces that may be
subjected to friction promise to
open up applications for moving
parts of electronics systems, computers, commutators, tape recorders, instruments, gyroscopes, bearing surfaces, and many other areas.
And these multilayer coatings,
which have a thickness of less than
one-half micron, may have widespread use in other industries as
the backup coats for moving and
sliding surfaces.
Techniques used to develop surface coatings were derived by the
Solid State Physics Branch of CBS
Laboratories, a Division of Columbia Broadcasting Systems, Inc.,
Stamford, Conn., a group that has
had extensive experience in the vacuum deposition of thin films.

Rotating Drum Anode
The development of solid lubricants at CBS began when it became
evident that existing bearings and
lubricants were inadequate to meet
the requirements for their special
Line Scan Tube, a key element in
their Photoscan System for aerial
46

reconnaissance and surveillance.
In this special flying spot scanning tube, a phosphor coated metal
drum anode is rotated at 1,600 rpm
within the high vacuum of the tube
envelope. An average bearing life
in excess of 2,500 hours was required, with extremely low starting
and running torque (5-8 milli inch
ounces). The unit had to withstand
400 C, and small currents-50-100
microamps at 27 Kv—had to be
passed between inner and outer
bearing races during operation.
The flying spot scanner had to
withstand 40 G, and vibration cycles of 20 to 20,000 cps, with negligible release of gas during prolonged operation. No interferences
could be tolerated with established
precision.
The low torque requirement for
the tube was particularly significant since the Line Scan Tube had
to operate with minimum power.
Most conventional oils or greases
evaporated under vacuum conditions and were unacceptable for
vacuum lubrication. The best available dry lubricants tested proved
erratic in behavior, exhibited relatively high coefficients of friction,
and their operating life fell short of

the
performance
requirements.
Faced by these limitations, A. F.
Kaspaul and Erica Fliege went
ahead and developed special films.
This development continued
through 1961, and the perfected
dry film lubricants have attracted
widespread interest among friction
specialists in organizations who
manufacture bearings, slip ring assemblies, drive rods, gears, metal
cylinders, moving and sliding parts,
and other friction-bearing elements.
Satellite Applications
At the present time, CBS is investigating several lubrication
problems under contracts for the
National Aeronautics and Space
Administration to provide long life
for ball bearings, bushings and
drive mechanisms. Under these
contracts, dry-film lubrication techniques are being explored for the
large rocket booster under development at NASA Huntsville. Another
program is concerned with the development of prototype vacuum slip
ring assemblies for NIMBUS, the
advanced meteorological satellite.
And other investigations concern
the application of various solid
electronics

lubricant films to magnetic tape for
continuous-loop satellite recorders,
as well as moving parts in computers and data processing systems.
Although none of the materials
used in the thin-film lubricants are
new, the techniques for preparing
the multilayer coatings are new.
And it was a question of how to lay
down successive layers of nickel,
chromium, silver, and a top layer
of molybdenum disulphide in controlled amounts that would provide
the proper friction-bearing surface
requirements of long life, low
torque, low vapor pressure, stability in gaseous atmospheres and in
high vacuum, and stability in unusual environments such as radiation exposure.
Long-Life Tests
The potential held for the new
vacuum bearings and dry-film lubricants were described following a
Symposium on Friction Phenomena
in High Vacuum recently held at
the CBS Laboratories. Experiments
were described in which bearings
coated with the vapor-deposited
films were operated as long as 3,000
hours at pressures near 10 millimeters of mercury. Conventional
electroplated silver-molybdenum disulphide coatings have a life of
about 280 hours. Molybdenum disulphide lubricants have a life of
approximately 175 hours, and silver
coatings break down after 225
hours.
Surfaces coated by the multilayer deposition process provide
maximum
thermal
conductivity
along the load-bearing surface, and
the lubricants can be made electrically conductive and used on slip
ring assemblies, commutators and
ball bearings to pass electric current. Methods are now being developed to relubricate system components in satellite systems during
outer space travel.
The half-micron film thickness of
the surface coating does not interfere with the tolerances of the
finest precision bearings, and minimizes plastic deformation of the
lubricant which takes place under
the load.
Performance tests have been
made of thin-film lubricated slip
rings at various temperatures and
for periods of more than 300 hours
at pressures of 10' millimeters of
December
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mercury. These tests indicate that
the life of conventional slip rings
operating in high vacuum can be
extended 100 times, with no adverse
effects upon torque, contact resistance, or electrical noise.
Tests also prove the compatability of the thin-film lubricants with
liquid oxygen. When applied to precision instrument bearings in high
temperature tests, the lubricant
withstands temperatures of 450
Deg F in excess of 1,000 hours
while operating at 1,650 rpm.
Within the past months, the
vapor-deposited
lubricants
have
been tested and applied by AerojetGeneral, Grumman Aircraft, North
American Aviation, Sandia, Baird
Atomic, Bell Telephone Laboratories, United Shoe Machinery.
Sperry-Gyroscope and many of the
leading bearing producers—including Fafnir, New Departure, Split
Bearing, New Hampshire, Industrial Tectonics, Kaydon Engineering, Marlin-Rockwell, and others.
The CBS Laboratories staff is
prepared to investigate the application of the new dry film lubricants and lubricating processes to
electronic and electromechanical
systems.

World Standards for
Electronic Components
THE AIM of nearly 200 representatives from 16 countries who met in
London Nov 13 was to establish international standards for sockets
and accessories for electronic tubes;
printed wiring; computers and data
processing; environmental testing
procedures for electronic components; and electromechanical components for electrical equipment.
The meetings, organized by the
International Electrotechnical Commission (the IEC), continued for
two weeks at British Standards
House. Visitors included Russians.
In all, seven IEC committees met.
Their chairmen were F. Dumat of
France, H. Mayr of Italy, E. F. Seaman of U.S.A., R. W. Kersey of
United Kingdom, L. van Rooij of
Netherlands and A. B. Credle of
U.S.A. G. De Zoeten, the Dutch
president of IEC was chairman at
a meeting of the Advisory Committee on Electronics and Telecommunications.

Measure &Display
Width, absolute
and relative
PULSE JITTER

Width Jitter

Magnitude and waveform of jitter modulation can be displayed on the self-contained CRTof Polarad's Model PJ-1 Pulse
Jitter Tester.
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Absolute Jitter

Periodic jitter frequency can be determined with Lissajous figures, by connecting an audio oscillator to one of the
Jitter Tester's external sweep inputs.

L

I reference
pulse

rn.àT

Relative Jitter
Irregular waveforms can be applied to an
external audio-frequency sprectrum analyzer from one of the Pulse Jitter Tester's disturbance frequency output jacks.
Jitter Measurement

Capabilities

Repetition Rate Jitter

5,10,100 nanoseconds
and 1,10,100 microseconds full scale
5,10,100 nanoseconds
full scale
Less than 0.5 nanoseconds
15 cycles to 25kc

Width or Relative Jitter
Residual Jitter
Usable Horizontal
Frequency Range
Accepts
0.2 microsecond width
pulses
prf from 50 to
6,000 pps

Pulse Jitter Tester
Model PJ-1

POLARAD
ELECTRONICS

CORPORATION

43-20 34th Street, Long Island City 1, N.Y.
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PRODUCTION TECHNIQUES

Molded Jigs Reduce Core-Plane Costs
By J. S. JACKSON
J. J. MASHURA
Remington Rand Univac
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Div.,

Sperry Rand Corp..
Whitpain Township, Pa.

MAKE JIGS AND DIES for magnetic-core
plane
manufacturing,
Remington Rand Univac has developed a flexible molding technique.
Large numbers of identical, precisely defined cavities of small depth
TO

and cross section can be made economically with the technique.
A typical storage plane includes
2,500 cores in 50 rows of 50 cores
each. The plane is 3it inches on a
side, with the cores on -&-inch centers; the cores are 0.050 inch
-±-0.002 inch in diameter and 0.015
± 0.002 inch thick. Positioning the
cores is accomplished in ajig. The
recess for each core is made to close
tolerance, not only to hold the core
securely and make seating by suction effective, but to make it possible for an adhesive film to be
pressed down on the core array.
Each core recess has a 0.0165inch diameter hole through to the
other side of the jig plate. After
the cores are poured at random on
the jig, the jig is put into a vibrating frame where a vacuum applied
through the holes pulls the cores
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QUARTER SIZE DIE
WITH DOUBLE
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IS MACHINED
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Negative of master jig is shown
bottom left. Projections at upper
right will form a vacuum hole in
each core recess in final epoxy jig

I

copies of the rectangular slots and
remained flexible after curing. The
negative separated easily from the
master without the distortion that
ordinarily would occur when asolid
material is removed from so intricate amold. To avoid off-center positioning of the pressure plate
(plunger), precision locating pins
were placed on each side of the mold
to insure equal clearance on all four
sides. The material was cured for
from four to six hours at 150 F,
with a postcure at room tempera-

accurately into position. The adhesive film is then pressed down on
the cores. When the film and cores
are pulled away from the jig, the
cores are ready to be wired.
Machining acomplete metal plate
for a jig was laborious and expensive, so the jig molding technique
was developed. A quarter-size jig,
available from previous work with
magnetic cores, was used initially
to produce negative duplicates. A
silicone rubber, Dow Corning Silastic 5137 and 5138, produced faithful

IMPRESSIONS

GLUE

(D)
EPDXY

EPDXY

flnn
FULLSIZE
ELECTROFORM

(E)

RUBBER
RUBBER ASSEMBLY
IS ELECTROPLATED TO
MAKE THE ELECTROFORM

(C)

RUBBER

BLIND HOLES ARE
DRILLED IN ELECTROFORM.

PLATING

FOUR RUBBER
IMPRESSION ARE
GLUED TOGETHER
AFTER SHRINKAGE
IS COMPLETE

RUBBER

(B)

(A)

High pressure mold is used to form
rubber negative of master jig segment. Plunger is at left

FULLSIZE ELECTRO FORM IS TRIMMED AND
RUBBER IMPRESSION
IS TAKEN AS MANY
RUBBER IMPRESSIONS
AS DESIRED ARE TAKEN
FROM SAME FULL
SIZE ELECTROFORM.

(F)

AFTER SHRINKAGE OF FULL
SIZE RUBBER IMPRESSION,
EPDXY IS POURED OVER
RUBBER AND CURED.

(G)

RUBBER IS PULLED AWAY
FROM EPDXY SHELL AND
MAY BE USED AGAIN.

(H)

SURFACE GRIND TO OPEN
VACUUM HOLES
VACUUM

HOLES

CORE RECESSES
EPDXY SHELL IS TRIMMED
AND OUTSIDE SURFACE
GROUND TO OPEN BLIND
HOLES. EPDXY JIG IS THEN
READY FOR CORE PLANE
PRODUCTION.

(I)

Quarter-size master (A) is first step in producing low cost epoxy jig. Many epoxy jigs can be made from the flexible
rubber mold
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ture. Within several days the
shrinkage of the molded negative
approached an asymptotic limit of
about 2.3 percent.
A new quarter-size master was
produced with a double or compound shrinkage factor. From this
jig four rubber negatives were
made and then cemented together;
from this an electroformed jig was
made (see figure). A silver salt
and reducing agent were sprayed
on the rubber, leaving about 10'
inches of silver after the reduction
process.
A 0.0005-inch layer of
nickel was deposited and then a
0.0625 to 0.125-inch layer of copper
for strength and body.
Twenty-five hundred blind holes
were drilled in the electroform, giving amaster reproducing mold with
a shrinkage factor of one. The plating process was slow and insured
that treeing over or bridging did
not occur. After a rubber negative is made from the electroformed
master, the final full-size jig is produced by pouring an epoxy resin
onto the rubber negative. The blind
holes are then opened up by grindir,- the cured epoxy. The cost of a
molded epoxy jig is approximately
$100; cost of a machined jig was

approximately $2,000.
While an extra step is required to
produce the electroformed mold, it
can be used over and over. It is
possible, however, to produce aplastic jig from arubber negative without going through the electroform
stage.
The technique has other possible
applications. One would be the lowcost production of large dies for
molding many small precision parts
at each molding operation. Another
application is the production of
small precision parts having external projections. Such parts could
be produced by electroforming over
one of the flexible plastic negatives.
The negative could be bent to permit removal of the part. Another
application would be molds for making small, complex-shaped plastic
parts. A die for a single part could
be made, and from this master a
number of flexible negatives could
be produced. These negatives would
be assembled into the negative for
a multi-cavity die, and this largescale negative could be electroformed to produce a many-cavity
die at a much lower cost than would
be possible if the entire large-scale
die were produced by machining.

High Speed Diode Tester and Classifier

ELECTRONIC
COMPONENTS

Nt

-

Thermoformed
plastic trays and
containers, firmly holding
the articles in position, offer
all the protection required
in packaging delicate
electronic components and parts.

PLASTOFILM offers ideas,
unusual and imaginative, to
increase your sales, simplify
your packaging problems
or just add eye appeal and
distinction to your products.
Write or call us today for
illustrated brochures.
"where package ideas are born"

Diodes are loaded in bulk lots of several thousand into bowl of machine and
then feed automatically through a test station. Ten tests are available, by
which the diodes are classified and sorted into 16 categories. As many as
7.200 diodes an hour can be processed. Several models of the machine,
manufactured by Transistor Automation Corp., Cambridge, Mass., have
been designed for prodnction, engineering and inspection
Deceaber
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916 WEST UNION

AVENUE,

BOX 531, WHEATON 2, ILLINOIS
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New On The Market

racy within ±-0.02 nsec.

Each in-

corporates 104 linear feet of cable
in apackage 18 in. long, 34 in. wide
and U in. high. A 140 nsec delay
is offered along with dimensional
tolerances which are held to within
0.030 in. Delay tolerance is held to
within ilith nsec. At the S band, the
swr is 1.3 maximum.
CIRCLE 303 ON READER SERVICE CARD

Computer Relay
TRANSISTOR SIZED
CORP.,
41 S. Jefferson
Road, Whippany, N. J. Type JR
relay is for p-c use in computers,
data processing, airborne instruments and wherever size and weight
requirements are critical. Measuring 0.2 in. by 0.4 in. by 0.5 in. and
weighing only 5 grams, it offers
excellent volumetric efficiency in p-c
applications. It has acontact rating
of 1 amp 28 y d-c and may also be
used in dry circuit applications.
BRANSON

Silicon Controlled Rectifier
16 AMP, 500 V, ALL DIFFUSED
GENERAL

INSTRUMENT

CORP.,

65

Gouverneur St., Newark 4, N. J.
Illustrated is a triple diffused scr
against a schematic showing the
three junctions within the device.
The smaller junction at upper left
is the one previously formed by alloying and now diffused in the new
device. Unit is stable at high am-

bient temperatures, up to 125 C;
features low turn-on voltage and
current requirements, and low forward voltage drop. Device is offered
in standard JEDEC ratings from
2N681 (25 piv) to 2N689 (500
ply).
CIRCLE 301

ON READER SERVICE CARD

CIRCLE 304 ON READER SERVICE CARD

mw in a0.165 ell in. package weighing 12 grams. The present device
contains evaporated resistors and
capacitors plus inserted silicon
semiconductors, with 9 unidirectional copper output pins; plugs
will be supplied on request.
CIRCLE 302 ON READER SERVICE CARD

Diode Tester
AND CLASSIFIER

Digital Building Block
THIN FILM
2414
Reedie Drive, Silver Spring, Md.
The FF100S, a 1 Mc digital building block, has application as a
binary counter, shift register or
set-reset counter. Units operate
from a 6 y supply, dissipating 40
ADVANCED
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MICROELECTRONICS,

Potted Delay Lines
140 NSEC DELAY
5 Lawrence
St., New Haven, Conn., announces
a series of potted delay lines fabricated of coaxial cable. They can
meet specifications calling for accu-

A-T ELECTRONICS, INC.,

TRANSISTOR AUTOMATION CORP., 101
Erie St., Cambridge 39, Mass., announces a line of d-c automatic
testers and classifiers for diodes.
Up to 16 classifications are available. Production rate is adjustable
from 2,000 to 7,000 per hr depending on tests performed and model
used. Polarization: automatic electronic polarizer with open and short
rejection; inverse rejection voltage
adjustable from 2 to 5 ;test circuits are completely disconnected
until polarization is completed and

electronics

Literature

testing contacts are shorted during
all set-up procedures.

of the Week

CIRCLE 305 ON READER SERVICE CARD

CERAMIC CAPACITORS
U.S. Capacitor Corp., 8917 Melrose Ave., Los
Angeles 69, Calif. A catalog sheet
contains data on aline of microminiaturized, wide temperature range
ceramic capacitors. (309)

first
choice of
all 4

SAMES.
USA, 30 Broad St., New York 4,
N. Y., has available a technical data
sheet describing a high stability
electrostatic generator, model AKS
600-4. (310)

ELECTROSTATIC GENERATOR

Adapters
VERY LOW VSWR
GENERAL RF FITTINGS, INC., 702 Beacon St., Boston 15, Mass., has available two new adapters for use in
adapting N type systems to TM (or
the reverse) or to adapt standard N
slotted lines for TM applications.
These TM adapters—GRFF 2298A
and 2299A—feature very low vswr
and are immediately available from
stock.
CIRCLE 306 ON READER SERVICE CARD

Coupler Units
M. C. JONES ELECTRONICS CO., INC.,

a subsidiary of The Bendix Corp.,
Bristol, Conn. Series of MicroGuide
waveguide directional couplers in
L, S, and X-bands, feature flexibility in application, small size and
light weight.
CIRCLE 307 ON READER SERVICE CARD

Thermo Electric Co., Inc., Saddle Brook, N. J.
Four-page Instrument Section 73
covers a ten-point electronic economy monitor. (311)
ECONOMY MONITOR

PNPN DEVICES
Solid State Products, Inc., One Pingree St., Salem,
Mass., announces bulletin C400, an
8-page condensed catalog on pnpn
devices. (312)

Leesona Moos Laboratories, 90-28 Van Wyck Expressway, Jamaica 18, N. Y. Technical data sheet provides description
and specifications on the Betachron
model D5307 acceleration-actuated
delay timer. (313)

DELAY TIMER

PHOTOVOLTAIC CELLS
Weston Instruments Div., Daystrom Inc., 614
Frelinghuysen Ave., Newark 14,
N.J. Bulletin 03-200 covers the
models 856 and 594 selenium photovoltaic cells. (314)
MODE REJECTION
Video
Instruments Co., Inc., 3002 Pennsylvania Ave., Santa Monica, Calif.,
has available a technical bulletin on
common mode rejection in differential d-e amplifiers. (315)
COMMON

Telemetry Receiver
THREE TYPES

MAGNET
WIRE
Hudson
Wire Co., Winsted, Conn., has available literature on plain enamel insulated magnet wire. (316)
COATED

GENERAL ELECTRONIC LABORATORIES,
INC.,
8440 Second Ave., Silver
Spring, Md. Three new a-m/f-m/
e-w
dual-conversion
microwave
telemetry receivers meet all IRIG
standards. Standard coverages are:
type 20B1, 2150-2350 Mc; type
26A1, 1700-1850 Mc; type 22C1,
1435-1535 Mc. Designed for the reception of f-m/ f-m, pdm/f-m, pcm/
f-m, pam/f-m and a-m data the receivers are primarily for ground
station use.
CIRCLE 308 ON READER SERVICE CARD
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research
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Because the
BUYERS' GUIDE
satisfies the
buying and specifying needs of all
four segments of the
industry! Gives more
information in less
space. Easier to use.
Only the
BUYERS' GUIDE
has been screened for
usefulness over a20 year
period ... comes to you
compact, complete
and accurate.

COOLING MODULES
Deltron Inc.,
4th & Cambria Sts., Philadelphia
33, Pa. Bulletin FA 2025A describes
aseries of cooling modules for semiconductors. (317)

gives more to all 4!

SOLENOIDS
Ledex, Inc.,
123 Webster St., Dayton 2, 0. Catalog C-961 contains complete technical data on eight basic sizes in
rotary solenoid designs. (318)

electronics
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in the design and development of
microwave components, test equipment and systems equipments.
Lamensdorf was formerly with
Airborne Instruments Laboratories
as a design engineer.

PEOPLE AND PLANTS

P. R. Mallory Appoints
Edward Zdanuk
has been appointed
to the staff of the Laboratory for
Physical Science of P. R. Mallory &
Co. Inc., located near Burlington,
Mass. He will specialize in the study
of solid materials.
Zdanuk comes to Mallory from
the research division of the Raytheon Co., where he was engaged
in the study of surface chemistry.
EDWARD ZDANUK

CEC Completes Expansion Program
CONSOLIDATED

ELECTRODYNAMICS

subsidiary of Bell & Howell
Co., has completed a $500,000 expansion program which
added
more than 60,000 sq ft to its Data
Recorders division.
The new facility was added to an
existing structure of 27,000 sq ft—
one of four major buildings on the
company's 17-acre site in East
Pasadena, Calif. The entire 87,000
sq ft will be used by the division
CORP.,

for manufacturing and assembly.
Engineering, administrative, marketing and other functions of the
division are located in adjacent
buildings.
This addition and 23,000 sq ft
being added to Consolidated Vacuum Corp., CEC subsidiary in
Rochester, N. Y., bring CEC's total
in Pasadena, Rochester, and Monrovia, Calif., to more than 647,000
sq ft.

power tubes, as plant manager of
the high power microwave division.
Prior to joining Eimac, Ritter
was vice president and general
manager
of
Cetron
Electronic
Corp., Geneva, Ill. He previously
served for more than 30 years with
RCA.

Aspinwall Assumes
Additional Post
chairman of
the board and president of Filtors,
Inc., Port Washington, L. I., N. Y.,
has been elected to the board of
directors of General Battery and
Ceramic Corp., Reading, Pa.

LLOYD ASPINWALL, JR.,

George Ritter Joins
Eitel-McCullough
has joined EitelMcCullough,
Inc.,
San
Carlos,
Calif., manufacturer of electron-

GEORGE H. RITTER
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Morgan Advances
To High CSC Position
has been elected
to the newly created post of vice
president and director of operations, Consolidated Systems Corp.,
Monrovia, Calif.
Morgan has been director of operations for CSC since May, 1960.
He is responsible for all manufacturing and quality standards of the
company's four divisions—Systems,
Industrial Systems, Photo-Optical,
and Printed Circuits.
T. PHILLIPS MORGAN

Northrop Promotes
Two Key Executives
V.
JONES,
president of
Northrop Corp., Beverly Hills,
Calif., has announced the promotion
of two senior executives.
Thomas H. Quayle, vice president
THOMAS

General Microwave
Names Lamensdorf
Farmingdale,
N.Y.,
has
appointed
Charles Lamensdorf as project engineer. His work will involve him
GENERAL MICROWAVE CORP.,

and manager of the company's
Nortronics Division systems support department at Anaheim, Calif.,
since 1956, has been elevated to the
office of corporate vice president for
electronics

commercial and industrial programs.
James J. Ward, formerly assistant manager of the systems support department, has been named
vice president and manager to succeed Quayle at Anaheim.

Acoustical

Components
of Superior

JAPAN PIEZO supplies 80%
product requirements.

Japan's

crystal

Here are a few examples

of our capabilities.

James Bittles

MICROPHONE

Joins EOS
ELECTRO-OPTICAL

of

Quality

Crystal — X-29
SYSTEMS,

At 20 °C, 1KCis, Sensitivity is
—58 ± 5db. Impedence:
Capacitance: 1,500 pF.

INC.,

Pasadena, Calif., has hired James
A. Bittles as a senior scientist in
the quantum physics department.
He will be engaged in a broad research program in materials for
masers, lasers, and related areas.
Prior to joining EOS, Bittles was
a research associate at the U. of
Southern California.

STEREO CARTRIDGE
Crystal—"PIEZO" Y-130
X'TAL STEREO CARTRIDGE
At 20'C, response: 50 to 10,000

PHONOGRAPH MOTOR—DC
PM-31-1
9V, 2,500 RPM: No-load Current,

c/s with a separation of 16.5db.
Output at 50 mm/sec. Tracking force: 6±1gm. Compflance:
1.5 X 10 - 6cm/dyne. Termination:
1Mn+150pF.

0.6V

35 mA ;

load

Starting

torque,

current,

80 mA.

13 g-cm ; load

torque, 5g-m. Size- 2.4cm X 4.6cm,
Weight: 100 gm.

PEOPLE IN BRIEF
George R. Mohler leaves Space
Technology Laboratories to join
the technical staff of Marshall
Laboratories. Spencer-Kennedy
Laboratories, Inc. adds Jacob
Shekel, ex-Israel Minister of Defense, to its development staff.
Constantine Andricos, formerly
with W. L. Maxson Corp., named
senior engineer at PRD Electronics, Inc. Robert F. Adamsky, previously with Laboratory for Electronics, appointed to the staff of
the
Laboratory
for
Physical
Science of P. R. Mallory & Co. Inc.
James H. Gardner, v-p of National
Research Corp., is selected deputy
director of defense research, Department of Defense. Alfred G.
Holtum, Jr. is promoted to chief
of the government R&D group at
Andrew Corp. Edwin R. Gamson
advances at Ampex Corp. to g-m
of the Computer Products div.
Matthew Lafer, ex-Fairchild Camera and Instrument, now chief
engineer of the components div. of
JFD Electronics Corp. Joseph P.
Gleason, formerly an independent
radar consultant, joins the staff of
Marc Shiowitz and Associates, Inc.
Paul M. Kuefler, from Genistron,
Inc. to Genisco, Inc. as a v-p and
g-m. Gene R. Marner moves up at
Collins Radio Co. to director of
research of the Cedar Rapids div.
William F. Sauers, former president of Aircraft Radio Corp.,
named assistant to the president
of Autonetics.
December

22,

1961

ana
l

Write for detailed catalog to :

IrEZO

JAPAN PIEZO ELECTRIC CO., LTD.
Kami-renjaku, Mitaka, Tokyo, Japan

CIRCLE 201 ON READER SERVICE CARD

Coils for Contact Capsules
TYPE

sf
M)

Coto-Coils
COTO -COIL CO., INC.

Noon.
Nom. Amp/
DC-V Ohms Watts Turns
6
12
24

100
360
1400

6
12
24

50
175
820

6
12
24
32
48

400
1600
2800
4600

40

250

.7 0

250

100

125

.35

Write for Bulletin and Prices
65 Pavil,on Avenue,

Coil
Windings
WIRE SIZES
#6 to #56
CLASSES A, B, F and H
Since 1917 CotoCoil has wound all
types of coils for
every application.
Complete design
and engineering
service is
available.

Providence 5, R. I

CIRCLE 53 ON READER SERVICE CARD

Is your advertising selling
the same four key buyers your
salesmen call on? Competition demands it! Only advertising in electronics reaches
and sells the electronics man
wherever he is: in Research,

TODAY YOU MUST SELL ALL FOUR!
Design, Production, and Man.
agenzent. Put your advertis.
ing where it works hardest...
in

electronics
53

EMPLOYMENT

OPPORTUNITIES

electronics
WEEKLY QUALIFICATION FORM
FOR POSITIONS AVAILABLE

ATTENTION:
ENGINEERS, SCIENTISTS, PHYSICISTS

SEE PAGE

KEY #

55

1

55

2

GPL DIVISION
General Precision Inc
Pleasantville, New York

55

3

HUGHES AIRCRAFT COMPANY
Aerospace Engineering Div.
Culver City, California

17*

4

101°

5

94*

6

112*

7

MITRE CORPORATION
Bedford, Massachusetts

48*

8

PAN AMERICAN WORLD AIRWAYS INC.
Guided Missiles Range Div
Patrick AFB, Florida

34*

9

PHILCO WESTERN DEVELOPMENT LABS.
Palo Alto, California

111*

COMPANY
EITEL-McCULLOUGH, INC
San Carlos, California

This Qualification Form is designed to help you advance in the electronics industry. It is unique and compact. Designed with the assistance

ESQUIRE PERSONNEL SERVICE
Chicago, Illinois

of professional personnel management, it isolates specific experience
in electronics and deals only in essential background information.
The advertisers listed here are seeking professional experience.

Fill in

the Qualification Form below.

STRICTLY CONFIDENTIAL

INTERNATIONAL ELECTRIC CORP.
Paramus, New Jersey

Your Qualification form will be handled as "Strictly Confidential" by
ELECTRONICS.

Our processing system is such that your form will be

LABORATORY FOR ELECTRONICS
Boston, Massachusetts

forwarded within 24 hours to the proper executives in the companies
you

select.

You will be contacted

at your

home

by the

interested

MICROWAVE SERVICES INTERNATIONAL INC.
Denville, New Jersey

companies.

WHAT TO DO
1. Review the positions in the advertisements.
2. Select those for which you qualify.
3. Notice the key numbers.

4. Circle the corresponding key number below the Qualification Form.
5. Fill out the form completely.

6. Mail to: D.
Box

Hawksby,

Please print clearly.

Classified

Advertising

Div.,

IIIII RIMINI am Is lug am Mg II

(cut here)here)

*These Advertisements appeared in the 12/15/61 issue.

ELECTRONICS,

aa ill is mg

as is is in

MI

III all MM.! 1.

(
cut

electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE
Education

Personal Background
PROFESSIONAL DEGREE(S)

NAME

MAJOR(S)

HOME ADDRESS
C(TY

ZONE

UNIVERSITY

STATE

DATE(S)

HOME TELEPHONE

FIELDS OF EXPERIENCE (Please Check)

n Aerospace
n Antennas
E ASW

E Fire Control
E Human Factors
El Infrared

E Communications
El Components
El Computers

E Microwave

1 ECM

ri Electron Tubes

E Engineering
2

3

Writing

4

E Navigation
E Operations
E Optics
E Packaging

2221

CATEGORY OF SPECIALIZATION
2 'ease

D Radio—TV

ri

Solid State

D Telemetry
E Transformers
E Other

indicate number of months

experience on proper lines.

Pi Radar

ri Simulators

El Instrumentation
E Medicine

ri Circuits

I

10

12, New York 36, N. Y. (No charge, of course).

MAW

—

INC.

RESEARCH (pure,
fundamental, basic)

Technical
Experience
(Months)

Supervisory
Experience
(Months)

RESEARCH
(Applied)
SYSTEMS
(New Concepts)
DEVELOPMENT
(Model)
DESIGN
(Product)
MANUFACTURING
(Product)

Research

E

FIELD
(Service)
SALES
(Proposals 8, Products)

CIRCLE KEY NUMBERS OF ABOVE COMPANIES' POSITIONS THAT INTEREST YOU
5
6
7
8
9 10
11
12
13
14
15
16
17
18
19
20
21

22

23

24

25

electronics

Method for

EMPLOYMENT OPPORTUNITIES

NATIONALCOVERAGE

measuring
an engineer...
What's his
technical
publication

The Advertisements in this section include all employment opportunitics--exccutive. management, technical, selling, office, skilled, manual. etc.
Positions Vacant

Civil Service Opportunities

Employment Agencies

Positions Wanted
Part Time Work

Selling Opportunities Wanted
Selling Opportunities Offered

Employment Services
Labor Bureaus

DISPLAYED

---RATES----

'The advertising rate is $40.17 per inch for all advertising iippeoring in other than a rant art basis.
Contrail rate: quoted on request.
UI atherlising ineh is measured TS" vi-rtically on a
column- a minionsinehes to a page.
subject

to Ageney Cttttt mission.

UNDISPLAYED

02.70 per line. minimum :
I lines. To figure aihonee
payment count 5 average WOriiri as a line.
R., Numbers- counis as I line.
Iiiscouni of 111 ,' it ttill pisinent is Made in advance
lor I conseoutive insertions.
Not subjeet to Agency Commission.

Send NEW ADS to CLASSIFIED ADV. DIV. of ELECTRONICS. P.O.

Box

12. N. Y. 36 : N. Y.

RELIABILITY ENGINEERING

To organize and administer
company reliability program involving engineering, manufacturing and field operations.
Applicant should have an EE degree plus 8-10 years experience in electronics with
3-5 years specifically in the field of military reliability engineering. Requires
proficiency with analyses, design review, statistical methods, prediction and
demonstration techniques. Some supervisory experience is essential since the
position carries prime responsibility for the reliability function.
Please write or submit
resume indicating current earnings to:
Raymond L. Oakley

GPL DIVISION
GENERAL PRECISION. INC.
63 Bedford Road, Pleasantville,
An Equal Opportunity

POSITION

When an engineer pays
for a technical publication, it's a safe bet that
that is the one he respects
most.
He makes it his business
to read electronics. It
keeps him well informed
of up -to -the -minute
events and developments
in the electronics industry and the technology to
which he contributes his
experience.
Where your recruitment
program calls for engineers and other technical
people of this calibre, you
can reach them in the EMPLOYMENT OPPORTUNITIES section of:

PROJECT MANAGER

VACANT

Experienced Production man on solid Tantalum capacitors for Calif. firm. Practical man
preferred. Give complete resume—absolutely
confidential.
P-7S5 1. Electronics. Classified
Adv. Div., 255 California St.. San Francisco
Calif.

.

A McGRAW.HILL PUBLICATION
CLASSIFIED ADVERTISING DIVISION

POST OFFICE BOX

December 22,

12

NEW YORK 36.

1961

NEW YORK

ESQUIRE PERSONNEL
202 South State St.

Contact The McGraw-Hill
Office Nearest You
1375 Peachtree St. N. E.
D. HICKS

COngress 2-/160
M. SHOUVLIN
CHICAGO, 11
645 No. Michigan Ave.
MOhawk 4-5800
W. J. HIGGENS
CLEVELAND, 13
1164 Illuminating Bldg.
SUperior 1-7000
I. C. HILL
DALLAS, 2
1712 Commerce St.,
Vaughn Bldg.
Riverside 7-5117
J. GRANT
DENVER, 2
1700 Broadway—Tower Bldg.
ALpine 5-2981
J. PATTEN
DETROIT, 26
856 Penobscot Bldg.
WOodward 2-1793
WM. H. GINDER, JR.
HOUSTON, 25
Prudential Bldg., Holcombe Blvd., Rm. W-724
JAckson 6-1281
J. PAGE
LOS ANGELES, 17
1125 W. 6th St.
HUntley 2-5450
W. C. GRIES
NEW YORK, 36
500 Fifth Ave.
OXford 5-5959
H. T. BUCHANAN
T. W. BENDER - P. BOND

PITTSBURGH, 22
4 Gateway Center
ST. LOUIS, 8
3615 Olive St.

Accessories Products Division with responsibility for
design and manufacture of klystron hardware, waterloads, sockets, cavities and coils has immediate openings for:

TRinity 5-0523

BOSTON, 16
Copley Square

EXpress

1-1314

JEfferson 5-4867

SAN FRANCISCO, 11
255 California St.
DOuglas 2-4600
J. A. HARTLEY

SERVICE. INC.
Chicano I. Illionb

ACCESSORY PRODUCTS
FOR
TUBES

About Classified Advertising

PHILADELPHIA, 3
Six Penn Center Plaza
LOcust 8-4330
W. B. SULLIVAN - F. W. McCARTHY

electronics

TO
13.5110 PER YEAR
To manage multimillion dollar electro.niechanical
materials handling system development and implementation programs. Responsibilities will begin dur.
ing contract negotiation and continue through and
finalize in re•negotiation of contract costs.
All
expenses assumed by client.

FOR INFORMATION

ATLANTA, 9

N. Y

Employer

PRODUCTION DEPARTMENT HEAD
Requires ability to plan, schedule and manage all
production activities integrating assembly departments
with production control and production engineerina.
Also must establish and meet quality and quantity
standards. Must have at least 7 years' related manufacturing experience.

SENIOR, EE
plan and carry out development and production
refinement projects on electrical accessories related to
tubes. Requires BSEE plus 5 or more years' related
design experience involving cavities and sockets for
high power tubes.

Must

Send

resume

to:

DONALD

It

SMITH

EITEL McCULLOUGH, INC.
301

AN

Industrial
EQUAL

Way,

San

Carlos,

OPPORTUNITY

California

EMPLOYER

MANUFACTURERS'
REPRESENTATIVES
IN

THE

ELECTRONIC

INDUSTRY

SAMUEL K. MACDONALD, INC.
manufacturers representatives over 25 years

1531 SPRUCE STREET, PHILA. 2, PA.
Territory:
Pennsylvania • New Jersey
Delaware • Maryland
Virginia • West Virginia
District of Columbia

Other Ofnces,
Pittsburgh
Baltimore
Washington, D.C.
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• See Advertisement in the July 20, 1961 issue
of Electronics Buyers' Guide for complete line of
products or services.
This index and our Reader Service Numbers are pub.
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them
accurate, but ELECTRONICS assumes no
responsibilities for errors or omissions.
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NEW YORK (36):
Donald H. Miller, Henry M. Shaw, George
F. Werner
500 Fifth Avenue, OXford 5-5959
BOSTON (16):
William S. Hodgkinson, Donald R. Furth
McGraw-Hill Building, Copley Square,
Congress 2-1160
PITTSBURGH (22):
David M. Watson
Four Gateway Center, Express 1-1314
PHILADELPHIA (3):
Warren H. Gardner, William J. Boyle
6 Penn Center Plaza, LOcust 8-4330
CHICAGO (11):
Harvey W. Wernecke, Robert M. Denmead
645 North Michigan Avenue, Mohawk 4_5800
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Paul T. Fegley
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SAN FRANCISCO (11):
R. C. Alcorn
255 California Street, Douglas 2-4600
LOS ANGELES (17):
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DENVER (2):
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PUBLIC SERVICE BAND
REFLEX KLYSTRON

LOW COST, HIGH REVAK!
Varian Associates introduces the new VA-204 reflex
oscillator klystron to fulfill an industry need — low
cost tubes with traditional Varian reliability.
The fixed-frequency VA-204 satisfies design requirements for nearly all types of low-power doppler
radar systems intended for operation in public service radio location bands. Features include long life,
rugged construction and simplicity of installation.
Ideal for long periods of unattended operation.
Beam voltage, 300 Vdc; beam current, 28 mAdc.
Waveguide output, single plug power connection.
For more information, write Tube Division.
VA-204
10.5 to
10.55 Gc

POLICE RADAR
TRAFFIC CONTROL RADAR
METEOROLOGICAL ROCKETS

Power (mW)

APPLICATIONS:

SECURITY RADAR
RAILROAD TRAFFIC CONTROL
Operating Hours

VARIAN
PALO ALTO

1.

associates
CALIFORNIA

Subsidiaries :
EIOMAC LABORATORIES,
VARIAN

INC.

ASSOCITES OF CANADA.

S-F-D LABORATORIES,
SEMICON ASSOCIATES.

INC.
INC.

SEMICON OF CALIFORNIA,
VARIAN

A.

INC.

G. (SWITZERLAND)

LTD.

Eastern District

Central District
M. E. Markell
MGR.

E. Zahorsky

G. E. Crouchley
H. F. Hafker
MGR.
C. F. Rodriguez

C. L. Calwell

G. E. Jones
R. A. Bassell

B. P. Battaglia
S. J. Spiro

J. J. Vavrick

R. P. Schmit
m. E. Raphaelson

S. L. Schwartz

M. B. Lemeshka

Interdivisional
Sales

M. D. Boylan

From Your RCA

Government
Marketing

Industrial Tube Representatives
R. E. Brooks

RCA Electron Tube Division
T. B. Perkins
Ihu \

t

\

E. J. Parker

Ili II niiuiuca.

J. Wachtel

M. V. Hoover

D. G. Garvin

C. A. West

B. Walley
MGR.

G. W. Kimball

M. H. Spivack

G E Hansel]

K. C. Harding

W. H. Robinson

J. W. Kirschner
M. S. Rose
R. H. Siemens

I. L. Quinn
J. L. Holmes

W. J. Zimmerman
R. E. Nelson

Western
District

