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14-ft oven outgasses
tube, activates
cathode. See p 86
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® 5232A,1.2 MC
sensitivity! Higher sampling rate! Unique low fre-
y
quency accuracy! Operation —20° to 65° C! Prices
comparable to vacuum tube counters!
Average Measurement Frequency Measurement Ratio Measurement
; Periods Gate
Reads in | Averaged Range Accuracy | Reads In Time Reads Range Accuracy Price
f.:l(io cps
(e} 975.00
2 ;:ps a 300 KC ’
e 0 v rms into
Milli- 300 KC 1,000 ohms) = 1 count
seconds or % 1 count KC fs: same as of f; 1,175.00
microsec- 1, 10, + time with 10, 1, (fy/fa) x period trigger
onds with 102, 103, base | positioned |0.1, 0.01 period error of
positioned | 104, 105 accuracy | decimal sec. multiplier | fi: 100 cps Yy
decimal to = 1,300.00
2 {:gs a 1.2 MC
v rms into
1.2 MC 500 ohms)
fo: same as 1,550.00
period

. 9

curacy in lower frequency ranges, even for noisy sig-
nals. Self-check is provided for both frequency and
period measurement modes.

Only 31" high, these counters are housed in the
new @ modular cabinets ideal for both bench use and
easy rack mounting. Routine maintenance is simple
with snap-out decade/readout units and circuit cards.
Readout drive directly from photoconductors elimi-
nates a complete stage of complex circuitry, to effect
genuine cost and reliability advantages. Compact
design and construction and servicing ease are illus-
trated at the left.

Solid state design and construction gives you the
advantages of low heat dissipation with minor heating
effect on adjacent equipment, fast warm-up, low
power consumption and new standards of reliability.

The new counters include a four-line BCD code
output. This output, with assigned weights of 1-2-2-4
(“1” state positive with respect to “0” state), is
available for systems use or to operate devices such
as the & 562A Digital Recorder. Controls include
Input Attenuation, Display, Reset and Function.

Call or write your # representative or call us to-
day for information and a demonstration!

Data subject to change without notice. Prices f.o0.b. factory.

HEWLETT-PACKARD COMPANY

1081A Page Mill Road
Cable “HEWPACK”

Palo Alto, California, U.S.A.
DAvenport 6-7000
Sales representatives in all principal areas

HEWLETT-PACKARD S. A.
Rue du Vieux Billard No. 1
Cable "HEWPACKSA"
Geneva, Switzerland
Tel. No. (022) 26, 48, 36

7061



Easier reading continuous display
Higher sampling rate

Multi-period average
Wide temperature range

Low-frequency accuracy
Versatile new modular design

Measurement flexibility, moderate cost

IN 4 NEW
@& SOLID STATE
COUNTERS!

Turn the page to learn about new measuring convenience, dependability from & .



a pleasure

to measure

with these...

® 5532A, 1.2 MC

& 5512A, 300 KC

4 NE
ID STAT

Measure frequency, period, ratio, quickly, accurately.
Compact, easy-to-use instruments provide continuous
display, no “blinking”! Solid-state dependability! 0.1 volt

All the advantages of solid-state design are now yours
in these new @ solid state counters—offered at prices
comparable to those of today’s vacuum tube count-
ers. And you get the plus advantages of greater read-
ability, faster measurements, easier routine mainte-
nance, rack-and-stack convenience of the new &
universal module instrument cabinets.

Offered in four models, these new counters have
maximum counting rates of 300 KC or 1.2 MC, with
a choice of Nixie or columnar readouts. The high-
intensity neon readouts are stacked in compact col-
umns for faster, easier reading. On the in-line read-
outs, ¢ -pioneered standard incorporation of the new
long-life, wide-viewing Nixies gives you many extra
hours of lamp life and heretofore unknown read-
ability even at extreme angles. Polarized screen pro-
vides maximum readout brilliance with freedom from
reflections.

A unique display storage feature of these new
counters produces a continuous visual readout of the
most recent measurement, even while the instrument
is making a new measurement. Only if the new count
differs from the previous count will the display
change, in which case it will shift directly to the new
reading. The fatigue and error possibility of a “blink-
ing” display is eliminated. The storage feature may
be disabled with a rear panel switch.

The counter’s “inactive time” (when not making
a new measurement) is independent of gate time
and adjustable from 0.2 to 5.0 seconds, thus permit-
ting a higher sampling rate.

Max Period and Multipie Period
Counting Regis-
Counter Rate tration Range Accuracy
5 + one
5212A 300 KC digits count %
columnar 2 cps to time base
300 KC accuracy
5 * trigger
5512A 300 KC digits error/periods
Nixie averaged
6 i 1us =+
5232A 1.2 MC ?igits time base
columnar accuracy
2 cps to + tri
= trigger
6 1.2 MC error)
5532A 1.2 MC digits periods
Nixie averaged

High sensitivity permits low level measurement
without accessories, and multiple period average
measurement (to 100,000 periods) gives higher ac-

Note clean, compact, easy-to-service physical arrangement of
new & solid-state counters.
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High-power Klvstron is lowered into 14-foot high-vacuum bakeout
oven at Sperry Electron Tube division. Oven minimizes damage
to tube if a leak develops at one of tube’s seals. See p 86

NEW PULSE TRACKERS Readied for Space Ranges. Latest
generation of missile range radars is capable of non-ambiguous
range measurements of targets as far as 32.000 n. mi
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Get your lead out
and test new
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Transparentized Tracing Paper by OZALID
with a tough, non-fracturing surface that gets
clear-as-a-bell prints.

Get your pen out, too! Contact your
Ozalid man for samples and see for your-
self how well this new Ozalid tracing vel-
lum takes the lead and ink...how well it
reproduces even when abused. Crease it
. . . make multiple erasures . .. then go
ahead—crumple it in a ball. Flatten it
out and make a reproduction from this
much-abused 0ZACLEAR. Now try the

IRCLE 2 ON READER SERVICE CARD

same thing on your present tracing
sheet. Clear-as-a-bell 0ZACLEAR gives
high repro speed, excellent contrast, fine
clear-as-a-bell prints. A new companion
product to Ozalid Ozatrace® vellum and
Duratrace® drafting film. For more in-
formation, samples, write: 0zZALID, Dept.
188, Johnson City, N. Y. In Canada:
Hughes-Owens Co., Ltd., Montreal.

OZALID

WE REPEAT

OZALID

DIVISION OF GENERAL ANILINE & FILM CORPORATION

electronics



Wanted: 2 & 3 mm oscillators to power FXR’s go to 220 Gc components

FXR has on hand today, in stock, a com-
plete line of microwave components for
tomorrow's 2 & 3 mm systems. And by
complete line, we mean frequency meters,
precision attenuators, E/H tuners, har-
monic generators, phase shifters, bends,
twists, slotted sections, transitions — in
short. everything needed to set up a test
system in the 90 to 220 Gce range.

But what about the 2 & 3 mm oscilla-
tors nceded to drive these test systems?
We've the answer to that. While waiting
for these 2 & 3 mm oscillators you, too,
can use the FXR harmonic generators for
test purposcs to double and triple the
frequencies of existing oscillators. This

December 15, 1961

design and production availability of 2 & 3
mm components is a further addition to
FXR’'s comprehensive line of microwave
components and test instruments.
Staying a band ahead is a point of pride
with FXR engineers. FXR's leadership in
the mm bands is typical of equally ad-
vanced developments in other areas of
microwave engineering, including high
power electronics. For example. the FXR
engincering group which delivered the
world’s first 50 megawatt S-band trans-

F>{R

mitter is now producing even more ad-
vanced types. Whether in microwave
components. test instruments. sub-systems
or high power electronics. FXR is known
for its ability 10 deliver the last word in
microwave technology today.

May we help you in your next micro+
wave project? Write today for literature
covering your particular field of interest.
FXR. 25-26 50th Street. Woodside 77,
New York. Telephone: Area Code 212,
RAvenswood 1-9000.

THE RF PRODUCTS AND MICROWAVE
AMPHENOL-BORG ELECTRONICS COR

CIRCLE 3 ON READER SERVI



electronics
December 15, 1961 Volume 34 No. 50

Published weekly, with Electronics
Buyers’ Guide and Reference issue,
as part of the subscription, by
McGraw-Hill  Publishing Company,
Ine. Founder: James H. McGraw
(1860-1948).

Title ® registered U.S. Patent Office;
Copyrighted © 1961, McGraw-Hill
Publishing Company, Inc, All rights
reserved, including the right to repro-
duce the contents of this publication,
in whole or in part.

Executive, editorial, circulation and
advertising offices McGraw-Hill Build-
ing, 330 West 42nd Street, New York
36, N. Y. Telephone Longacre 4-3000.
Teletype TWX N.Y. 1-1636. Cable
McGrawhill, N. Y, PRINTED IN Al-

BANY, N. Y.; second class postage
paid.

OFFICERS OF THE PUBLICATIONS DI-
VISION: Nelson L. Bond, President;
Shelton Fisher, Wallace F. Traendly,
Senior Vice Presidents; John R. Calla-
ham, Vice President and Editorial Di-
rector; Joseph H. Allen, Vice President
and Director of Advertising Sales; A.
R. Venezian, Vice President and Circu-
lation Coordinator; Daniel F, Crowley,
Vice President and Controller.

OFFICERS OF THE CORPORATION:
Donald C. McGraw, President; Hugh J.
Kelly, Harry L. Waddell, Executive
Vice Presidents; L. Keith Goodrich,
Executive Vice President and Treas-
vrer; John J. Cooke, Vice President
and Secretary,

Subscriptions are solicited only from
those actively engaged in the field of
the publication, Position and com-
pany connection must be indicated on
orders.  Subscription rates: United
States and Possessions, $6.00 one
year; $9.00 two years; $12,00 three
years, Canada, $10.00 one year. All
other countries $20.00 cne year. Single
Copies, United States and Possessions
and Canada 75¢; Buyers’ Guide $3.00;
Single copies all other countries $1.50;
Buyers’ Guide $10.00,

THE PUBLISHER, UPON WRITTEN RE-
QUEST FROM ANY SUBSCRIBER TO
OUR NEW YORK OFFICE, AGREES TO
REFUND THAT PART OF THE SUB.
SCRIPTION PRICE APPLYING TO
COPIES NOT YET MAILED.

Subscribers: Please address all cor-
respondence, change of address
notices, subscription orders or com-
plaints to Fulfillment Manager, Elec-
tronics, ot above address. Change of
address notices should provide old
as well as new address, including
postal zone number if any. If pos-
sible, attach address lobel from re-
cent issve. Allow ane month for
change to become effective.

Postmaster: Please send Form 3579
to Fulfiliment Manager, Electronics,
330 West 42nd Street, New York 36,
New York.

e,
o e,

> s,
©, o

Q) Xen

0
oLt

Audited Paid Circulation

CROSSTALK

Shelters Come Second

FIRST REQUIREMENT for effective civil defense is warning
that an attack is imminent. With any kind of luck the military
will know, but it is by no means certain that the warning can
be relayed to the bulk of our population fast enough and clearly
enough to be effective.

Sirens are fine and relatively foolproof but not everybody hears
them. And there have been so many routine tests, as well as
drills in which the public is not invited to participate, that
they would be initially ignored and heeded only after the first
missiles hit. In a saturation attack this might be too late.

Electric alarms installed in homes and elsewhere, triggered over
the power lines, are currently under consideration. Such sup-
plementary devices, useful as they would be in spreading warn-
ing to people beyond the reach of sirens, have a similar weakness.
They would warn the public, but not tell the public why it was
being warned and what to do about it. Stating this another way,
they would not be able to talk.

We should certainly have a supplementary alarm system, but
that system should be operated by radio.

One method by which this might be accomplished has already
been demonstrated. It involves incorporating an inexpensive
standby circuit in transistor radios, to be operated by a special
tone from a broadcast station. Receivers left in the standby
position by their users would be automatically turned on, would
emit a warning signal, and the station could then go on and tell
the public what the warning was all about. This last-mentioned
virtue could easily be just as important as the warning itself.

There are inherent weaknesses in any warning system, includ-
ing radio. But they can be minimized. For example: To what
station would the user tune his set? It could be tuned to either
one of the two already established broadcast-band Conelrad fre-
quencies. Turning the switch to the standby position could, in
fact, automatically insure this. How many people would keep
their standby circuits running and draining batteries even if
these lasted several months? Sets equipped with the right kind
of batteries and simple built-in chargers could be left plugged
into the house circuit like clocks, and would continue to operate
on the normally-floating batteries even after a power failure.

Think, also, of these virtues of a radio approach: The battery-
operated set could be taken to a shelter after the warning to
receive further instructions, which is already a recommended
practice anyway. A radio system, because it could talk and
instruct as well as give warning, could be used in purely local
emergencies such as hurricanes. What about reliability of opera-
tion of the stations themselves? Many have emergency genera-
tors which would permit them to function for at least a little
while even if power went out. And, finally, most homes could
use another radio in normal times, particularly a portable.

Radio alarms, as a supplement to sirens, should be seriously con-
sidered before we plump for bells or buzzers as a matter of
national policy.

CIRCLE 5 ON READER SERVICE CARD—>

gl



RAYTHEON FRAME GRID TUBES...

Outstanding for High Gain Bandwidth Product and Low Noise!

Raytheon frame grid tubes provide your
designs with greater performance and re-
liability—higher gain bandwidth product
and lower noise than available from types
with conventional grid construction.
These tubes feature perfect pitch frame
grids with high uniformity of spacing and
characteristics, manufactured by the
most precise equipment in use today. For
example, tolerances are held to an almost
unheard of +=0.0002"!

Rigidity is attained through optimum de-

sign, making the Raytheon frame grid
construction highly reliable. The results
are better uniformity and a reduced
spread of characteristics—important con-
tributions to the improvement of your
circuit designs.

Bring to your circuit designs the many im-
portant advantages offercd by Raytheon’s
growing family of frame grid tubes. For
technical data, pleasc write to Raythcon,
Industrial Components Division, 55
Chapel Street, Newton 58, Massachusetts.

Raytheon Frame Grid Types—Gm

CK5842 CK56847 CKé6688 CK6922 CK6939
25,000 13,000 16,500 12,500 10,500
per section per section

For Small Order or Prototype Requirements See Your Local Franchised Distributor

RAYTHEON COMPANY

INDUSTRIAI

COMPONENTS DIVISION



VITREDSIL

PURE FUSED QUARTZ

IDEAL FOR ALL SEMI-CONDUCTOR METALS
Our unique process enables us to
supply semi-conductor quality
VITREOSIL to close tolerances in
crucibles and special fabricated
shapes. Now available Quartz to
Metal Seals. Write us about your re-
quirements. See our ad in Chemical
Engineering, Electronic Engineers
Master and Electronic Designers’
Catalogues.

SPECTROSIL

FOR HYPER-PURITY [N
SEMI-CONDUCTOR WORK

PURITY — purest form of fused silica

TRANSPARENCY — unique optical properties

HOMOGENEITY — completely homogeneous
and free from granularity

AVAILABILITY — block material for lenses,
prisms, etc; rod, fiber, wool; hollow
ware as tubing, crucibles, and special
apparatus.

Write for complete, illustrated catalog.

~

/;:"“QZ:; THERMAL AMERICAN
j -;'tnsogj}‘\ FUSED QUARTZ CO., INC.

18-20 Salem St., Dover, N. J.

6 CIRCLE 6 ON READER SERVICE CARD

COMMENT

Automatic Tube Tester

It was with considerable nostal-
gia that I read the article Auto-
matic Tube Tester in the October
13 issue (p 82). A photograph of
the “granddaddy’” of all automatic
testers is enclosed. It was taken in
1931 at the Majestic Radio Corpo-
ration in Chicago.

While the machine shown did not
have test functions as elaborate as
those shown in the recent article,
the tests were sufficient for the
tubes being produced at that time.
This machine was jointly designed
by the writer; Mr. Donald S. Bond,
now at RCA in Camden, I believe;
and Mr. Linn Sherk, a young and
brilliant engineer who passed away
long before his time. The forego-
ing were all reporting to Dr. Mar-
vin Blackburn, also deceased.

The old machine contained some
functions not even incorporated in
this new one, with the sequence of
tests as follows:

(1) Shorts: thirteen different

possible combinations, any of which,

would cause reject, and the type of
short would show up and count at
the control operator’s desk area
(not shown).

(2) Upper and lower plate cur-
rent: tally upper and lower rejects.

(3) Screen current: tally rejects.

(4) Emission: tally rejects.

(5) Filament current and grid
current: differentiate and tally re-
jects.

The tester also counted the in-
coming number of tubes, outgoing
number of tubes, tallied all rejects
and counted the number of empty
sockets. It had a speed control on
the rotor table to reduce speed. and
a patchcord system to cut in a man-
ual meter operation control until
the defective control panel could be
replaced.

There doesn’t seem to be any-
thing new under the sun, does
there?

HARoOLD E. WEST
Mallory Electromagnetic Company
Du Quoin, Illinois

Missiles, Space and Pipe Organs

Congratulations on the fine Mis-
sile and Space Electronics report
(p 87, Nov. 17).

Nevertheless, I'm glad these top-
ics did not crowd out pipe organs
[Noise Generator Helps Create
Pipe-Organ Sound Electronically, p
130]. I hope the phrase “have re-
sulted in negative psycho-acoustic
responses on the part of listeners”
has some Basic English equiv-
alent. No doubt the author wrote
it with his tongue in both cheeks.

OTis N. MINOT
Minot Informatic Devices
Lexington, Mass.

The authors mean that the lis-
teners experienced nonpositive re-
actions in their neuro-auricular
sensory complexes. Or that they
didn’t like what they heard.

electronics




For Magnetic Forming
Hypervelocity Wind Tunnels
Plasma Research

and many other applications...

SANGAMO
ENERGY DISCHARGE |
CAPACITORS with COMPLEX C°

meet the most demanding electrical and mechanical design criteria

Sangamo knows energy discharge capacitors The most significant advance in this field is the
and their application-—a Sangamo research development of Complex C (Sangamo’s exclusive
team has spent years in establishing detailed dielectric impregnant and fill). The use of Com-
design criteria to meet the requirements of plex C, with all other characteristics and circuit
every conceivable capacitor bank. The energy conditions being equal, results in a life expectancy
discharge units developed by Sangamo meet 10 to 100 times that previously possible. The
the exact requirements specified, in order to exceptional life expectancy of Sangamo Complex
give you the most for your investment in a C capacitors will give you the most for both your
large energy discharge capacitor bank. dollar per joule and dollar per shot investment.

SEND FOR SANGAMO’'S BULLETIN TSC-208
FOR FULL INFORMATION ON THESE CAPACITORS

The complete story of the design criteria behind
Sangamo high voltage, low inductance, energy dis-
charge capacitors is told in detail in this new bulletin.
It contains valuable information on possible circuit
applications, methods of determining self-inductance
of a capacitor, and standard capacitor listings that
represent typical values for your energy discharge

applications. Your copy will be sent on request.
Address:

SANGAMO ELECTRIC COMPANY
SPRINGFIELD, ILLINOIS

%DELECTRONIC COMPONENTS __ 1D
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Mallory tantalum foil capacitors

Mallory can supply tantalum capacitors of etched foil
or plain foil types that can meet or exceed require-
ments of MIL-C-3965B. Use them for your toughest
military specifications. All are available as polarized
or non-polarized types, in hundreds of ratings, and
with or without a Mylar* insulating sleeve.

From the industry’s widest selection:

Other tantalum capacitors in the comprehensive
Mallory line include wet slug, solid electrolyte, mini-
ature, microminiature,andhightemperature (t0200°C)
types.Write for our latest bulletins and a consultation.
Mallory Capacitor Company, Indianapolis 6, Indiana.

Mallory
Type Designation

PLAIN FOlL  Type TAF
Type TAG

ETCHED FOIL Type TBF
Type TBG

Temp. Range

—55°C to 85°C
—55°C to 125°C

—55°C to 85°C
—55°C to 125°C

Case Style

CL34, CL35
CL30, CL31
CL32, CL33

CL24, CL25
CL20, CL21
CL22, CL23

Supplied in all military case styles and all ratings.

®Du Pont trademark



Delivered from stock af factory

prices by these distributors:

Arlington, Va.

Rucker Electronic Products
Baltimore, Md.

Radio Electric Service
Binghamton, N.Y.

Federal Electronics
Boston, Mass.

DeMambro Radio Supply Co.

Lafayette Radio
Bridgeport, Conn.

Westconn Electronics

| Buffalo, N.Y.
wo . Wehle Electronics
| AR > Chicago, Ill.

Allied Radio Corp.
Newark Electronics Corp.
Cincinnati, Ohio

United Radio
Cleveland, Ohio

Pioneer Electronics
Dallas, Texas

Engineering Supply Co.
Dayton, Ohio

Allled Supply Co.
Denver, Colo.

Denver Electronics
Houston, Texas

Harrison Equipment Co., Inc.

Lenert Company
Indianapolis, Ind.

Graham Electronics
Los Angeles, Calif.

California Electronics

Kierulff Electronics, Inc.

Radio Product Sales
Minneapolis, Minn.

Northwest Radio
Monrovia, Calif.

Lynch Electronics
Montreal, Que.

Canadian Electrical Supply Co.
Mountainside, N.J.

Federated Purchaser, Inc.
Nashville, Tenn.

Electra Dist. Co.
Newton, Mass.

Cramer Electronics, Inc.
Newark, N.J.

Lafayette Radio
New York, N.Y.

Harrison Radio Corp.

Harvey Radio Co., Inc.

Lafayette Radio

Milo Electronics

Terminal Hudson Electronics
Oakland, Calif.

Elmar Electronics, Inc.
Orlando, Fla.

East Coast Electronics
Ottawa, Ont.

Wackid Radio-TV Lab.
Palo Alto, Calif.

Zack Electronics
Pasadena, Calif.

Allied Radio of California
Perth Amboy, N.J.

Atlas Electronics
Philadelphia, Pa.

Herbach & Rademan

Philadelphia Electronics
Pittsburgh, Pa.

Radio Parts Co.
St. Louis, Mo.

Olive Electronics
Seattle, Wash.

F. 8. Connelly Co.
Tampa, Florida
Thurow Distributors, Inc.
Toronto, Ont.

Alpha Aracon Radio Co.

Electro Sonic Supply
Wholesale Radio & Electronics
Tucson, Ariz.
Standard Radio Parts
Tulsa, Okla.

Engineering Supply Co.
Union City, N.J.

. Nilgl_isco—U[;ﬁgn City
ington, D.C.
} Typical Test Values: acsanifgo'ﬂoﬁadio Wholesalers
MIL-C-3965B Mallory Type Tg(l:-' wrﬁltzc;rlg?rl‘g lr&dty:stnal Sales
Limits (160 mid 15 VDC) Westchestér Electronic Supply Co., Inc
After 2000 hour life test at 85°C: s
Leakage Current 48 ua 0.4 ua
Change in Capacity +25% —5% [P.R.MALLORY & CO. Inc.|
Power Factor 19.5% 3.8% A L Lo
25°C:
Leakage Current t}g ua 2% ua
Power Factor % 5% Complete line of aluminum and tantalum
=55°C: electrolytics, motor start and run capacitors
Change in Capacity —35% —12%
Impedance 14.0 ohms 7.0 ohms
85°C:
Leakage Current 240 ua 6.5 ua
Change in Capacity —0 +15% +4.8%
Power Factor 159, 4,5%
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Why is the Sierra Freuency Selective Voltmeter
the standard of the communications industry?

Performance-proved by thousands of users! @ Accepted by all major carrier systems manufacturers,
specified by most! ® Uniquely convenient, versatile, dependable for monitoring carrier modulation level!

@ Single frequency band, one continuous tuning range—eliminates SPECIFICATIONS
band switching MODEL 125A
Frequency Range
® Flat voltmeter section—for accurate measurement, easy detection of Rt eode: 3 ke to 620 ke
spurious signals Measurement Range

oo 5y o
. . . . E] oge: —,. m to m
® Wide bandwidth—1 to 620 kc—covers 120 channels per L carrier allocation Selectivity

Narrow: Down 3 db 125 cps off reso-
® Coarse, fine tuning on a single knob—for greater convenience e R I LI ST

Wide: Down 3 db 1.25 kc off reso-

® Crystal controlled calibration oscillator—for checking both hance (o 49 db 3 ke off reso-
frequency and level Price $895.00, f.0.b. factory

g_all tyogg‘ siema drelp;%geanéaéive '&r write
. N N . rect. Sierra Mode -CR, r
® Domestically produced—for years-ahead engineering, rugged CONStrUCtion  gnd jswer ssbacaar ot o hauith uPper
Model 125B-Y, with patchcord connections
for type “O" and type “N’ Western Elec-

® Dual selectivity—versatility for communications test, wave tric, carrier, also available at additional
analysis, general lab use Data subject to change without notice.

SIERRA ELECTRONIC CORPORATION

A Division of Philco Corporation
7127A BOHANNON DRIVE » DAvenport 6-2060 « Area Code 415« MENLO PARK, CALIF,, US.A.
Sales representatives in all principal areas.
Canada: Atlas Instrument Corporation, Ltd., Montreal, Ottawa, Toronto, Vancouver.
Export: Frazar & Hansen, Ltd., San Francisco. (At
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ELECTRONICS NEWSLETTER

Sage System Buildup Now History

TWENTY-FIRST and final Sage sector in the U.S. was turned over
to Air Defense Command today in Sioux City, Iowa. Twenty-second
direction center—the only one planned for Canada—will be built in
Ottawa and is expected to be ready in two years.

Sage computer techniques are vir-
tually frozen, but AF Electronic
Systems Division at Hanscom Field,
Bedford, Mass., is updating radar
and identification techniques. Fre-
quency diversity radar is being
built into detection network for
antijamming features, and ID tech-
niques are getting increased chan-
nel and power capability. Systems
program office at Bedford is also
working on a backup system, which
could operate even if some sector
centers were wiped out by an
enemy.

Sage system of coordinating
radar data for continental defense
against aircraft and airbreathing
missiles is oldest of AF command
and control systems, dating back to
a 1949 study. MIT Lincoln Labora-
tory, set up in 1951 to design and
develop Sage, handled system engi-
neering until about three years ago
when this went to Mitre Corp.

Sage-like system will probably
evolve for air traffic control. Cost

estimates on Sage range as high as
$5 billion.

Air Force Steps Up 473L
System Hardware Purchases

AIR FORCE Electronic Systems Di-
vision will brief industry Dec. 21
and 22 at Rome Air Development
Center on phase 2 of 473L command
and control system (ELECTRONICS,
p 24, Apr. 21). The huge, complex
system will automatically feed in-
formation from AF commands to
Washington.

Bids will be invited on a data
processing system for the Pentagon
and integrated consoles with proc-
essing, display and communications
controls. Four out of 15 consoles
will be bought in this phase. Con-
tracts to date have been largely for
analyses and engineering, although
Thompson-Ramo Wooldridge has
sppplied display interface buffer
and computer communications con-

December 15, 1961

soles, to be integrated with an IBM
1401.

In the next phase, financed in
fiscal 1963, large panel displays and
external message composers to be
used at command sources will be
bought.

ESD also announced a $48,000
contract to Sylvania for two proto-
type electroluminescent data dis-
plays for its global weather observa-
tion and forecasting system (433L).

'Twas Open Season on
Big Radome in Maine

A 26-inch snowfall on the Bell Tele-
phone System’s nylon dome over the
satellite experiment site in And-
over, Maine, had local engineers
worried. But shotgun slugs fired
through the thin covering drained
out the water.

Burdick W. Pierce, project engi-
neer at the 13-story high radome,
told a Portland men’s club that the
slug holes posed no problems since
the inflatable structure has holes
anyway which are covered with
flaps to regulate the temperature.

A permanent radome of dacron
and synthetic rubber was to be in-
stalled shortly. The first experi-
mental satellite transmission of

Weekly Newsletter Bows

NEW YORK—The McGraw-Hill
Publishing Company (publisher
of ELECTRONICS) last week an-
nounced plans for publication of
Science Week, a newsletter.

First issue will be published
on or about Feb. 1. It will have
six pages, 83 by 11 inches, and
be varityped, offset printed and
illustrated

telephone and tv signals will be at-
tempted in mid-April. He said the
federal government will be paid $6
million to orbit a three-foot wide
satellite into a 1,000-3,000 mile
range.

Supersonic Air Transport
R&D Is Ready to Start

RESEARCH on a commercial super-
sonic transport is expected to get
underway shortly, Aerospace Indus-
tries Association says. The Mach-3
aircraft could fly from New York to
Los Angeles in 90 minutes.

Federal Aviation Agency has
asked Air Force to let development
contracts. The agency also recom-
mended government participation
in development costs, estimated at
$550 million, ATA reported.

Air Force has been assigned con-
tracts administration. FAA has
over-all responsibility for the pro-
gram, NASA and AF are to fur-
nish technical support.

Most of the $11 million appropri-
ated by Congress to start the proj-
ect will be contracted for industry
research.

Plug-In Neuron Devices
Offered for Bionics R&D

PERCEPTIVE Research Products, of
Yonkers, N.Y., reports it is making
electronic neuron simulators for use
as research and demonstration de-
vices in bionics. The company says
the neurons. developed at Bell Labs,
closely simulate biological neuron
properties of temporal summation,
variable threshhold and refractory
period, inhibition and pulse type
output. Two models will be sold, a
four-transistor model and a five-
transistor version which more
closely models the biological neuron.

ITT Shows Automatic
Message Switching Center

AUTOMATIC data/message switching
system is being offered industry by
ITT Information Systems Division.
This is reportedly a commercial ver-
gsion of the high-speed switching
centers used in the Air Force 465L
global communications network. The
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system has a maximum capacity of
four million bits per second. It can
tie computers together for data ex-
change in different “languages.”
Provision is made for translating
computer code.

ITT calls the system the ITT
7300 ADX (Automatic Data Ex-
change System). It operates on line
in real time and is essentially a
store and forward system.

Data can be dialed in to and out
of the system over telephone lines.
Other features are a message prior-
ity system, multiple addressing and
limit to message length. Estimated
price for a basic system is $1 mil-
lion,

Rotating Pickup Pulses
Auto Ignition System

MOTOROLA has unveiled an elec-
tronic ignition system for cars and
trucks which uses a small magnetic
pickup system instead of breaker
points and condenser in the distrib-
utor.

The system is comprised of a
magnetic pulse generator, a tran-
sistorized pulse amplifier and an ig-
nition coil. The pulse generator is a
small, spoked or toothed wheel
which rotates past a tiny magnet
without touching. Since there is
no contact, there is no wear, adjust-
ment, nor point chatter, Motorola

says. The company announced an
electronic alternator system a
month ago,

Future Mercury Astronauts
To Rendezvous in Space

NASA NOW PLANS to add $500 mil-
lion to the Mercury program, to
achieve rendezvous ability in space.
Later Mercury vehicles will weigh
between two and three tons and
carry two men.

Meanwhile, the first manned or-
bital flight attempt has been post-
poned until after the first of the
year while equipment malfunctions
uncovered during the recent chim-
panzee flight are cleared up.

Prelaunch problems on that flight
included telemetering and commu-
nications link difficulties. During
the two orbits, a transistor inverter

12

overheated and an automatic con-
trol system failed to operate the
hydrogen peroxide control jets,
which resulted in the capsule orbit-
ing out of alignment.

NASA said a few days ago that
there had been a history of difficul-
ties with the inverters, but that
they were considered adequate for
the flight. A larger inverter will be
used on Lt. Col. Glenn’s flight.

Phileco, Now With Ford,
Gets New Top Officers

FORD MOTOR CO. took over Philco
Corp. as a wholly owned subsidiary
on Monday, consummating a $100
million purchase agreement made in
September (ELECTRONICS, p 11,
Sept. 22). The new management
said it had no plans to cut Philco’s
product lines.

New top officers were elected for
Philco. Charles E. Beck, business
planning director of Ford, is the
new president and chief executive
officer. He succeeds James M. Skin-
ner, Jr., who resigned as Philco
president. Irving A. Duffy, a Ford
vice president and director, was
elected chairman. Other new direc-
tors are also Ford executives,

Weathermen Get System
To Measure Raindrops

METEOROLOGISTS who want to find
out how big raindrops are can now
use a sizer developed by New York
University and the Army Signal
Research and Development Labora-
tory. It automatically measures and
counts raindrops in 13 sizes.

As the rain falls into the viewing
system, images of the drops are
projected onto a series of 14 hori-
zontal plastic windows. Each win-
dow is separated from the next by
a slightly larger gap and is con-
nected to a multiplier phototube.
When an image passes a gap as
wide or wider than the drop, the
size is noted. A memory unit stores
the data and records it on punched
tape for analysis.

The system may also be used to
measure and count other small
spherical objects.

¥n Briefk..» .

NAVY has awarded three more
atomic submarine contracts,
bringing the total to 32, not in-
cluding Polaris vessels.

‘INFRARED acquisition system for

the Army’s Mauler missile will be
developed in Canada by De-
Havilland Aircraft. Canada and
the U. S. will share costs,

MINNEAPOLIS-HONEYWELL reports
development of a 1-Kw transis-
tor audio amplifier for subma-
rine sonar,

COUNTERMEASURES contracts in-
clude $600,000 to Hallicrafters,
for Nike Zeus, and $1.5 million
to Loral, for a classified system.

AIR FORCE awards include $5 million
to Lockheed for satellite control
development; $2.3 million to Bur-
roughs for aircraft equipment;
$1 million to Hoffman Electron-
ics for Tacan radio test sets, and
$465,000 to Sylvania for tubes,

POLARIS contracts include a $4
million gyro production order
to Minneapolis-Honeywell, and
ground support equipment de-
sign, to Seigler, for the new
long-range version.

MINUTEMAN ground equipm 2nt will
be produced by Microlab and
Hoover, under $200,000 and
$135,000 subcontracts,

OTHER MISSILE contracts include $1
million to Belock Instrument for
Hawk training simulators; $900,-
000 to Collins Radio for com-
mand-control destruct systems;
$363,000 to American Concertone
for recorders.

MARTIN-MARIETTA will soon test
prototype pneumatic computers
under R&D program aimed at
low-cost, radiation-resistant,
miniature guidance systems able
to withstand 2,000 F tempera-
tures. It also has $149,432 con-
tract to study new intercept
guidance techniques for missiles.

GENERAL ELECTRIC contracts for the
Army’s Advent communications
satellite mount to $56 million
with a new $8 million award.

electronics



4 to 1 Frequency Range
Flat Coupling

Accurate Tracking
Extremely Low VSWR

high-directivity coax couplers

Specifically designed for
REFLECTOMETER applications'!

@ Here are two brand new coax couplers, specifically designed by Narda
to provide the extremely high directivity needed in Reflectometer set-
ups. And when we say “extremely high directivity”, we mean it! For
example: Model 3020 (250 to 1000 mc) has a directivity of 35 db
minimum, which means a maximum error in VSWR of only 1.035 can
occur as a result of the finite directivity. Main line VSWR is held to
1.05 maximum; secondary line VSWR is 1.10 maximum!

@® What's more, each model covers two full octaves; each features
extremely accurate tracking (0.3 db maximum change in difference
between forward and reverse coupling over the band); each has a power
rating of 100 watts CW, 10 kw peak. Check the table for full specifica-
tions—and compare with any other units available.

@ These are just two examples of the complete line of unusually fine
microwave and UHF instrumentation available from Narda. Write
today for your free copy of our newest catalog. Address: Dept. E-1-4.

SPECIFICATIONS MODEL 3020 MODEL 3022
Frequency 250 to 1000 me 1000 to 4000 mc
Directivity 35db min 30db min
Coupling  both arms 20db nominal 20¢b nominal
‘Frequency sensitivity =0.6db approx. *+0.6db approx.
Max VSWR —main line 1.05 1.10
Max VSWR —secondary
lines 1.10 1.15
Power Rating 100W cw 100W cw
10kw peak 10kw peak
Tracking 0.3db total 0.3db total
Price $200. $185.

@y .. narda meoee

PLAINVIEW, L. I, NEW YORK AREA CODE 516 GE 3-9000
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HIGHER
WATER PURITY

NO OTHER STILL
CAN MATCH
WITH 50% LOWER
STEAM COST

Reports Electronics Manufacturer

Recently installed in a large electron-
ics manufacturing plant, this Barn-
stead Double-Effect Steam Heated
Still not only out-performs an ordin-
ary 200 gallon per hour Still but does
it at 509, lower steam cost.

The water produced contains dissolved
solids of less than one part in ten
million and is free from bacteria,
organics and particulate matter. This
exceptionally high purity was made
possible through the development of
NEW Barnstead exclusive patented
high purity features.

Full automatic controls not only re-
duced labor costs to a minimum but
also eliminated the incidence of work-
men's error. When you bring your
water purification problems to Barn-
stead . . . you profit by 83 years of
engineering experience encompassing
most fields of manufacturing, process-
ing and research. Write for New High
Purity Bulletin #175.

Harnstead

STILL AND STERILIZER CO.

24 Lanesville Terrace, Boston 31, Mass.
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WASHINGTON OUTLOOK

LEGISLATIVE proposal to handle the controversial ownership
problem of a worldwide communication satellite svstem has
been prepared by the National Space Council for President Ken-
nedy’s approval.

The measure, to go to Congress early next year, will recommend
against allowing international communications companies to
dominate the system and ealls for active public ownership,
available to domestic and international interests.

It is now accepted that Congress will make the final decision
on ownership of the communication satellite system. Hearings
will be held by the Senate Aeronautical and Snace Sciences Com-
mittee, chaired by Sen. Robert S. Kerr (D-Okla.). No date has
been set.

TANTALUM. used in electronics for capacitors and high-tem-
perature alloys, is having its biggest price boom in history. Tan-
talum ore prices have doubled since last September from $8.50
per pound, to around ¥17 a pound today. Tantalum scran prices
have doubled to $15 or $16 a pound. since the first of the vear.

Cause of the price jump is primarily psychological, government
metal buyvers say. The Congo, the main U. S. source. was
knocked out as a supplier by its political crisis. Last year, tan-
talum ore imports from the Congo ran about 31,720 pounds a
month. Now, imports are less than 1,900 pounds a month.

The rush for new sources has jacked up the price. Brazil is now
coming in as a big tantalum supplier. So are Mozambique and
Malayva, Tin slags and columbium ore containing tantalum
are being imported in inereasing quantities. Prices next year
should be more normal.

PENTAGON is putting teeth into its program to increase rate
of subcontracting to small husinesses. Upcoming policy changes
will (1) require subcontractors with orders of at least $500,000
to use small suppliers as much as possible. (2) require large firms
to designate liaison executives to handle inquirics from small
business suppliers, and (3) allow the Small Business Administra-
tion to check purchasing recor.s of large prime military con-
tractors—but only through channels (the procurement agency)
—to cheek whether major defense producers are actually turning
to small business on subeontracting.

But the new rules will not allow SBA the right to prescribe
the extent of subecontracting nor to participate in administration
of military contracts—provisions proposed by some congressional
small business advocates.

TREASURY Department is making engineering studies of six
major industries including aireraft (clectronies is not specifically
designated) to determine whether the legally preseribed useful
life of »roduetion facilities can be shortened. thus accelerating
depreciation for tax purposes. This :cilows recent decisions to
liberalize depreciation policies for the textile industries and to
spur new capital investment (liLrcrroNics, p 14, Nov. 3).
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From General Ceramics Division of
INDIANA GENERAL CORPORATION

i

\ 1

VI RRRRE
r 51-

| \‘:

B\

)
E

N

Here is one of the eight GC memory core
stack arrays that provide the 32,768 48-bit
word memory of the Control Data 1604
Computer. View above shows the swing-out
type page-frame assemblies on which the
memory stacks are mounted in this re-
markably reliable general-purpose computer.

Reliability that Helps the Control Data 1604 Computer Achieve
"UPTIME” RATINGS THAT MEAN PROFIT

General Ceramics, the originator of the square loop ferrite,
offers a complete line of job-proven cores, planes, stacks and
memory systems — proven in many computer and control sys-
tem applications where the ultimate in reliability is demanded.

A good example is Control Data’s advanced, large-scale,
solid state 1604 Computer which has set new reliability
standards for the industry, maintaining one of the high-
est over-all average “uptime” ratings ever achieved for
machines in its class. This high performance requires
fail-proof output from every component, including the
over 1.6 million GC cores wired into the memory stacks
of the 1604.

According to W. F. Harrison, Control Data’s Mana-
ger of Engineering Services, “GC was chosen on the
basis of a careful evaluation which included criteria
ranging from the supplier’s reputation and background
through his proven ability to produce required quan-
tities with consistent quality.”

DPIVISION OF

INDIANA

General Ceramicsreliability is assured through 1009,
quality control at all levels — beginning with mechani-
cal and electrical testing of each individual core and
continuing with both visual and electrical inspections
at all stages of assembly. This means, for example, the
meticulous microscope-checking of over 175,000 sol-
dered connections alone in the eight banks of stacks
used in each Control Data 1604 Computer.

Advanced techniques such as ultrasonic cleaning,
automatic 12-per-second core testing and other elec-
tronic functional checks performed on specifically de-
signed equipment provide that extra edge of quality
which customers, such as Control Data Corporation,
have come to expect from General Ceramics.

Compare GC with your present source — write, wire
or phone today.

APPLIED LOGICS DEPARTMENT

E' GENERAL CERAMICS

Phone VAlley 6-5100 ¢ Direct Distance Dialing Code 201

GENERAL

CONPORATION

TECHNICAL CERAMICS,

December 15, 1961

FERRITES AND

KEASBEY, NEW JERSEY, U.S.A.

MEMORY PRODUCTS
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To Contractors and Subcontractors on U.S. Government Projects

NEW TRANSISTOR

M HIGH RELIABILITY B ONE WATT POWER OUTPUT AT 100 MC/S
B EFFICIENCY APPROXIMATELY 50%

The 2N1645 is a diffused base germanium mesa transistor for UHF power amplifiers, frequency
multipliers, and very high speed, high current switching applications. Typical turn-on and
turn-off times under constant voltage drive conditions are less than 5 and 15 nanoseconds
respectively. Power output of one-half watt as a doubler may be achieved up to 250 megacycles.

MAXIMUM RATINGS AT 25°C

Collector Current .. ................. 300 mAdc TYPICAL CURRENT GAIN VS FREQUENCY
Collector Voltage . .................... 35 Volts
Emitter Voltage .. ....................... 1Volt *
Junction Temperature ................... 100°C <
Power (TA=25°C) ..o, 1 Watt g {,E;s:" i \\\
Power (Tc=25"C) .................... 6 Watts o 1
10
TYPICAL ELECTRICAL CHARACTERISTICS ]
W O emids - e - o o o s smem heme QA o B D - m 600 mc Sl s 100 s0 1000
REhje (250 mc) ... ... 23 ohms
Ceb (din) 2 - ceied 1% - roae Somred - 2 sond? ..l 10 pf FREQUENCY IN MEGACYCLES
hfe (1000 CPS) -\ oo oo 50
hrFe (Ic=100mA) ... ... ... ... ... ... ..... 35
680 pf
INPUT 0375 W mn } O.OUTPUT 1.5 W
L, ‘
1.8 /lh - .9-8 pf
POWER GAIN 6 db
TYPICAL CIRCUIT — 2200 pf = EFFICIENCY (COL) 50%

L,—4 turns =18 wire, 1/4 inch i.d. 1/16 inch between turns C.T. to base
L2-2 turns ;18 wire, 1/4 inch i.d. 1/16 inch between turns

160 MC AMPLIFIER + 20 VvDC ]:

The 2N1645 transistor may be purchased in quantity from Western Electric’s Laureldale Plant.
For technical information, price, and delivery, please address your request to Sales Depart-
ment, Room 102, Western Electric Company, Incorporated, Laureldale Plant, Laureldale, Pa.
Telephone—Area Code 215—WAlker 9-9411.

LAURELDALE PLANT
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Project Surveyor
engineering openings

HughesSpace Systems Division has immediate openingsfor Electronic Engineers, Mechan-
ical Engineers, Physicists and Aeronautical Engineers to work on Project Surveyor—a
spacecraft which will soft land on the moon. Once there, Surveyor instruments will
perform a variety of scientific tests: drills will pierce and analyze the moon's surface; high
quality television pictures will be transmitted to earth; other instruments will measure the
moon's magnetic and radiation characteristics. m To accomplish this step into space,
Project Surveyor requires the talents of imaginative junior and senior engineers and
scientists to augment its outstanding staff. Experience is preferred but not required. A
few of the openings include:

control engineers circuit designers systems analysts infrared

Concerns hydraulics, Involves analysis and To consider basic Includes systems analysis
airborne computers. and synthesis of systems for: problems such as: the and preliminary design
other controls related telemetering and requirements of manned in infrared activities
areas for: missiles and command circuits for space flight; automatic involving: satellite

space vehicles, satellites, space vehicles, high target recognition detection and

radar tracking, control efficiency power supplies requirements for identification; air-to-air
circuitry, controls systems, for airborne and space unmanned satellites or missiles; AICBM, infrared
control techniques, electronic systems, space high speed strike range measurement;
transistorized equalization command, space television, reconnaissance systems; air-to-air detection
networks and control guidance and control IR systems requirements cryogenics and others,
servomechanisms. systems, and others. for ballistic missile defense.

inquire today

Your reply will be treated with strict
confidence. Please airmail your resume to:
Robert A. Martin
Supervisor of Scientific Employment,
Hughes Aircraft Company,

11940 W. Jefferson Blvd., Cuiver City 61,
California. WE PROMISE YOU A
REPLY WITHIN ONE WEEK.

An equal opportunity employer

Creating a new world with Electronics
- - —r

"HUGHES

- - - = ——w—_ -5
HUGHES AIRCRAFT COMPANY
AEROSPACE DIVISIONS

December 15, 1961
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PRECISION REGULATED
TRANSISTORIZED DC SUPPLY

Tubeless circuitry, regulation of
+0.05% line and load combined and
an output voltage runge of 4.5 10 9.0
V DC are features of the Sorensen
Model Q6-60A. Output current range
15 010 60 Amps. and ripple 15 0.5 MV
al nominal output voltage =+ 10¢%.

The Q6-60A is completely self-pro-
tected and particularly suitable for
critical applications requiring “spike
free” output, precise regulation and
high currents.

NEW FROM SORENSEN

DC POWER SUPPLY

Dependable
Economical

O to 40 V DC at O to 2 Amps.

The new versatile, fully transistorized QR40-2A DC Power
Supply incorporates all the basic features of Sorensen QR Sup-

plies. In additi

on, it provides regulated current, adjustable cur-

rent limiting, and programmed output voltage. Provisions for
cxternal scnsing permit accurate voltage rcgulation at remote
loads. Available for cither standard 19-inch rack mounting
or in self-contained cabinct, the QR40-2A will easily adapt
to your requircments. Write for complete specifications and
literature on this dependable, economical power supply.

SPECIFICATIONS

{NPUT VOLTAGE RANGE 105-125 at 50 to 400 cps.

DC QUTPUT VOLTS
DC QUTPUT CURRENT

0to 40 v DC
0 to 2 Amps. DC

VOLTAGE REGULATION (Line & Load Combined) == (0.01% -1 MV)

RIPPLE (RMS) AT 60

CPS. 150 Microvolts

CURRENT REGULATION (Line & Load Combined) ==0.15%

RIPPLE CURRENT
RESPONSE TIME
CABINET SIZE
RACK HEIGHT

A UNIT OF RAYTHEON

30 Microamps.

50 Microseconds
177 x12% " x5%"”
5|/‘//

RICHARDS AVENUE ¢ SOUTH NORWALK
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NEW FROM SORENSEN

C
POwEg ‘oo.?\a UMir Ma
—l00

100

Compact
Fully Transistorized

DC POWER SUPPLY

Oto 40 VDC at O to .75 Amp.

The compact new Sorensen Model QR40-.75A is one of the
latest additions to Sorensen’s line of outstanding products. It
features extremely low ripple. precise regulation, program-
mable output voltage, adjustable current limiting and provi-
sions for remote sensing Typical applications include
powering computer circuits, test and instrumentation equip-
ment, and communications equipment Negligible on-off over-

WIDE RANGE
TRANSISTORIZED DC SUPPLY

shoot provides protection for transistor circuits. Write for The QRI150-1A is a completely self-
complete specifications and literature protected, transistorized DC Power
Supply. Output voltage range: 0 to

SPECIFICATIONS 150 V. DC at 0 to I Amp. output

INPUT VOLTAGE RANGE 105126 v AC at 50-400 cps. current. Combined line and load

0C OUTPUT VOLTS 0to 40 v OC regulation 1s =(0.02¢%, + 4 MV).

0C OUTPUT CURRENT 0 to .75 Amp. Ripple 1s 1 MV RMS. Circuit De-

VOLTAGE REGULATION (Line & Load Combined)  =(0.01% + 1 MV) sign and protective features prevent

RIPPLE (RMS) AT 60 CPS 150 Microvolts damage to transistors under over-

CURRENT REGULATION (Line & Load Combined) = 0.15% load or shom-civcuit coRditicns.

RIPPLE LURRENT 10 Microamps.

RESPONSE TIME 50 Microseconds

CABINET SIZE 8% x9"x5%"

RACK HEIGHT 5%

unit is avaitable for dual rack mounting

A UNIT OF RAYTHEON COMPANYS

RICHARDS AVENUE . SOUTH NORWALK ° CONNECTICUT
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Aeme__Electric
CUSTOM BUILT

POWER
SUPPLIES

These units are engineered to provide specified
electrical characteristics in a practical physical
design and to perform properly under a wide
range of environmental conditions.

Our facilities can ac-
commodate continuous
production quantities
as well as small lots.

ABOVE — STATIC POWER
RECTIFIER

Output: 500 KW, 500 volts DC

1000 amperes

13,800 volts, 33 amp.

3 phase, 60 cycle

Input:

ABOVE — 6 CIRCUIT
POWER SUPPLY

CQutput: 4 circuits, 45 amp,
65 voit DC

2 circuits, 1-8 amp,
65 volt DC

460 volts, 3 phase,
60 cycle

Input:

RIGHT — MODULE ANALYZER

Qutput: — 6.5 + 6.5 — 13
+ 13 —19.5 4+ 48
— 48 volts DC

Input: 115 volts, single

phase, 60 cycle

Our vast store of engineering experience is available
to assist you in developing a practical solution to
your problem.

ACME ELECTRIC CORPORATION

3112 Water St. Cuba, N.Y,
In Canada: Acme Electric Corp. Ltd., 50 Northline Rd., Teronto, Ont.
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New! MINIATURE

AXIAL FANS

with ,
up to 4 times
greater cooling efficiency!

The PAMOTOR

ot PAMOTOR Conventional
. S Model 1000 Fan  Model 1000 Minia-
induction (capacitor- A ture Fan is com-
Type of Motor type squirrel cage) shaded-pole pletely interchange-
" die cast warp-free . able with conven-
Housing lastic . . 3
Zymec 3 tional units now in
Output @ 60 cps use (4% " center-to-
(0 back pressure) 125 c¢fm 100 c¢fm i
(.25” back pressure) 75 ¢fm 20 cfm center mop nf.ln'g
(.3” back pressure) 50 ¢fm 0 holes). But the simi-
Output @ 50 cps larity ends there.
0 bgck pressure) 100 c¢fm 75 cfm
(.25” back pressure) 62.5 cim 5 cfm check this
?g;r:}nsgnge —55°C to +85°C |- 18°Cto-raacc \ SOMParison chart!

The Model 1000 Fan meets MIL-T-5422E, Class 2 Environmental
specifications. Inside-outside rotating motor design gives flywheel
effect, resulting in constant, quiet fan speed. Large surface sleeve
bearings mean minimum maintenance, maximum reliability.

PAMOTOR, Inc.

312 Seventh Street + Son Froncisco 3, Colif.

For complete specifications
and name of nearest stock

ing disttibutor, write to:

CIRCLE 200 ON READER SERVICE CARD

Minivac

INTELLECT GROWS ON A LOGIC TREE

MINIVAC makes possible a complete understanding of the exciting
new world of computers. Logic trees make the programming of the
most complex problem extremely simple. MINIVAC, a training
digital computer, teaches the basic operations of even the largest
commercial computers. Six comprehensive instruction manuals
demonstrate to its operator how computers think, remember, cal-
culate, make decisions and solve logical problems. MINIVAC is
“the Christmas gift that makes sense’’ for hobbyists, businessmen,
and students ... anyone with an inquiring mind. $85.00

Scientific Development Corporation
I Digital Computer Sales Oivision I
SC' ENTI FI c I fgl Main Sllreel, Watertown, Mass. I
D EVEI_O PM ENT I ;:‘e‘;iﬂ?‘g :lNIVAg 2311 (éh%ckl;:r money arder enclosed. I
send INIVA . 0.0,
co RPO RATI ON I [ complete literature on MINIVAC 601. I
372 MAIN STREET I :::‘reess I
WATERTOWN, MASS. I City Zone State '
L -
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Now you can buy RCA Packaged Circuits
assembled and tested to your specifications

RCA Minimodules — conventional compo-
nents in high-density format —bring you
today’s economical answer to extra-
dependable packaged transistor circuits.

If your product calls for miniature packaged circuits
... if your requirements include fast. high-volume
availability ... look into RCA Minimodules now.

@ These high-density packaged circuit units bring you
the reliability of conventional passive components.
close-packed. interconnected. and encapsulated in
fire-retardant cpoxy-type resin to meet the mechanical
and environmental requirements of MIL specifica-
tions. Standard, field-proved transistors offer you the
exact characteristics your circuits need.

@ RCA microelectronics specialists are ready to work
with you to design your Minimodule circuit package.
Typical of the 40 types now in production are four
RCA Minimodules for digital-computer applications.
These high-performance units. butlt with RCA's ¢x-
perience in manufacturing hundreds of thousands of
digital Minimodules, are available now, ready for

mounting on standard printedcircuit boards. Order
these RCA Minimodules now:

RCA CP0Y17 ... Minimodule Inverter Circuit
RCA CP0918 ... Minimodule Trigger Network
RCA CP091Y ... Minimodule Power-Gate

Input Circuit
RCA CP0920 . .. Minimodule Power-Gate

Qutput Circuit
® Call your RCA representative for information
on the comprehensive line of RCA transistor-circuit
Minimodules and RCA Micromodules. Or write RCA
Semiconductor and Materials Division. Commercial
Engincering Section 1-19-NM-3, Somerville, N. J.

For your extremely high-density
= applications (several hundred thou-
sand parts per cubic foot) specify RCA Micro-
modules. today’s only microminiature packaged
circuits backed by over 55.000.000 clement-hours
of testing. Your RCA Field Representative is ready
now o quote low, production-quantity prices for
RCA Micromodules. Call him today.

»

®

The Most Trusted Name in Electronics

RCA Minimodules — min-
iature packaged circuits,
utilizing conventiona!l
components and transis-
tors—can be supplied in
high volume. in the for-
mat you need. with ter-
minal arrangements to
meet your assembly re-
quirements. ( Minimodule
shown at left. before en-
capsulation, 1'2 times
actual size. Units below
are typical of wide varia-
tion in configurations
available through RCA.)

RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES...EAST: Newark, N. J,, 744 Broad St., HU 5-3900 - (Camden, N. J. area) Erlton, N. J., 605 Marlton Pike, HA 84802 . Syracuse, N. Y.,
731 James St., Room 402, GR 4-5591 - Baltimore, Md., €N 9:1850 « NORTHEAST: Needham Heights 94, Mass., 63 A" St., HI 4.7200 . SOUTHEAST: Driando, Fla., 1520 Edgewater Orive, Suite ml,
GA 4.4768 « EAST CENTRAL: Detroit 2, Mich., 714 New Center Bidg., TR 5:5600 « CENTRAL: Chicago, 11l., Suite 1154, Merchandise Mart Plaza, WH 4.2900 . Indianapolis 5, tnd., 2132 East 52nd St.,
CL 1-1405 « Minneapolis 16, Minn., 5805 Excelsior Blvd., WE 9-0676 « WESW Los Angeles 22, Calif., 6801 €. washington B'vd., RA 3-8361 » (San Francisco area) Burlingame, Calif., 1838 €| Camino Real,
0X 7-1620 . SOUTHWEST: Dallas 7, Texas, 7905 Carpenter. Freeway, ME 1.9720 . GOV'T: Dayton, Ohio, 224 N. Wilkinson St., BA 6-2366 . Washington, D. C., 1725 K" St., N.W,, FE 7-8500.

December 15, 1961

21






Cost of one-dimensional
criticality computations drops
from an average of £75.00

to #7.50 per problem

Faster computing, less travel time are the reasons why
General Nuclear Engineering Corporation has realized
such cost savings since it installed an IBM 1620 Data
Processing System at its Dunedin, Florida plant.

Since its main computing facilities are not located at
Dunedin, General Nuclear has found that the new 1620
eliminates much of the travel time and expense involved
in taking problems to off-site computers. In addition, the
1620 performs the simpler criticality computations 10
times faster than the computer previously used at one of
General Nuclear’s off-site data processing centers.

General Nuclear uses its new 1620 for other problems,
—~—_ ; too...heat transfer calculations, various transient codes,
' mathematical routines for the physics and engineering de-
partments, multi-group calculations, and many other jobs

' - ' you might expect only a much more expensive computer to

L . \ be able to handle.
: 4 This isn’t all. General Nuclear uses the 1620 to do statis-
2 &y tical analyses and variance calculations on input data for

programs run on off-site large-scale IBM computers.

For information on this highly versatile, low-cost data
processing system, which rents for as little as $1600 a
month, contact your local IBM Representative.

=N

Easy to program. FORTRAN, IBM's scientific computer language is avail-
able for the 1620, General Nuclear scientists use a special scientific
interpretive program—FIDO—written by the Manager of their Comput-
ing Section,

IBM.

DATA PROCESSING




Arnold
SOLID STATE
POWER
SUPPLIES

small, lightweight, and
regulated . . . designed to
meet MIL-E-52728B

* 1009 tested for reliability

* Sine wave, square wave or
DC outputs

¢ Quick delivery on units below

~“=— DC TO SINE WAVE Model KB (stock item)

Input Voltage : 24-30 vDC
Output Voltage: . 115 VRMS
Output Frequency: 400 cps

(other frequencies available)

Output Power: . 50 volt-amps
Frequency Regulation: 0.3% for 6 V
line variations

Harmonic Distortion (Total): 2% at
specified load (4% max.)

Size and Weight: . 2V5"x4"x2Y, "

high; 26 oz.

DC TO DC Model 591HC
Input Voltage .. 24.30 VvDC
Output Voltage Range from 6 VDC
to 3500 vDC
Output Power 60 watts (max.)
regulated
Regulation -1.0% for 6 V line
variations;
- 1.59%, for 509, load
variations
Ripple . . . . . . 03% RMS
Size and Weight . 3“ OD x 3%,” high;
22 oz.

DC TO SQUARE WAVE Model 591ACB

Input Voltage . 24-30 VvDC
Output Voltage Range 1.0 to 3500
VRMS, square wave, 400

cps (other frequencies

available)

Output Power 50 V. A.

Frequency and Voltage:
~1.0% for 6 V line
variations; * 1.0, for
\ 509% load variations
Size and Weight . 3“ OD x 3” high;

\ 19 oz.

Regulation

Constant frequency, voltage and output as battery
discharges. Units withstand short circuit, reversed
polarity and input voltage transients of 60 volts.
Load power factors as low as 0.2 (lead or lag)
may be applied.

Literature with performance curves sent on request.
Literature includes “easy to order” information—
no need to write complicated specifications.

-
o

ARNOLD MAGNETICS CORP.

VErmont 7-5313
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6050 W. Jefferson Blvd., Los Angeles 16, Calif.

VOLT & FREQUENCY METERS

Catalog available

If your operation demands accuracy to 1/10 of 1%,
you need this AMF catalog, which includes specifica-
tions, sizes and weights of Frequency and Volt Meters
for test research. industrial, military and government
use.

AMF Meters are rugged. They compensate for prac-
tically any temperature and environment. They can be
tailored to your requirements —or are available immedi-
ately from stock. Send today for your Catalog! Address
Department S.

@ American Machine & Foundry Company

1101 North Royal Street, Alexandria, Va.
CIRCLE 202 ON READER SERVICE CARD
s Seen
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the new

Yoo ||| IDEA
INDEX

LR

N EBa?

The INDEX to the editorial articles in electronics magazine,
previously published annually in a December issue, now ap-
pears 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 edi-
torial 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,

Ny McGraw-Hill Publication, é
~* 330 West 42nd St., New York 36, N. Y.
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AIR ExPREss gets your shipment first on, first off, first there

AIR EXPRESS is more than America’s fastest shipping service . . . it's the most impartial. Large ship-
ments or small get identical, top priority treatment, plus those “extras” that make AIR EXPRESS first
choice nationwide. A special fleet of 13,000 trucks, many radio-dispatched, pick up and deliver door-
to-door. Your shipment is first on, first off, first there, via all 35 scheduled U. S. airlines, with kid-glove
handling non-stop. And the cost for AIR EXPRESS service -

is amazingly low. Just ohe telephone call arranges every- o

thing, fo 23,000 communities in the U. S. and Canada. A’ R E R E ss
It pays when you think fast . .. think AIR EXPRESS first!

% CALL YOUR LOCAL REA EXPRESS OFFICE FOR AIR EXPRESS SERVICE




ONE OF THE MOST VITAL equipment
needs today and for the future is
improved range instrumentation.
More specifically: “The single most
difficult task facing the range in-
strumentation engineer today 1is
acquisition of high quality trajec-
tory data during the boost and
orbital phases.”

This statement was made at
the American Rocket Society meet-
ing in New York in a paper by
R. V. Godfrey of Pan American
World Airways, Ine.. which op-
erates the Atlantic Missile Range
for the Air Force, and C. L. Carroll
of Aerospace Corp.

~

High quality date are needed to
obtain real-time impact prediction
for missiles, to establish orbital
parameters for satellites and tra-
Jectories for manned and unmanned
space probes, and—jfor the R&D
engineer—to identify and isolate
inertial guidance system errors.

Besides c-w  interferometric
tracking systems, such as Azuza I
and II and the mewer Mistram
(ELECTRONICS, p 88, July 28, 1960;
p 109 Nov. 17, 1961), pulse radar
systems are moving forward at a
healthy pace.

The C, L and X band radars
Sperry is developing for the two

converted C-4 troop carrier ships
are believed to have impressive
range capabilities (ELECTRONICS,
p 22, July 28, 1961). Advanced
radar under development for later
ships in USAF’s Mobile Atlantic
Range Stations (Mars) program
will have even greater skin track-
ing capabilities. First Mars ship
will be operational next fall. More
ships will follow.

RCA 1is developing, in-house, a
long-range tracking radar, a real-
time tracking technique for off-the-
launch-pad trajectory measure-
ment, laser radar techniques and
global-range integration techniques

NEW PULSE TRACKERS Readied

BY SEPTEMBER, a new pulse radar
will be operational at the Atlantic
Missile Range. It will mark a sig-
nificant jump beyond pulse trajec-
tory measurement systems now in
operation at U. S. missile ranges.
Designated AN/FPQ-6, the new ra-
dar will be capable of nonambigu-
ous range measurement of targets
up to 32,000 nautical miles.

The AN/FPS-16 (now in use),
out of which FPQ-6 was evolved,
was built for nonambiguous range
measurement of targets up to 500
n.mi. A digital range modification
kit now in use at the Pacific Missile
Range and ready for use at the At-
lantic Missile Range (AMR), ex-
tends the nonambiguous range
measurement capability to some-
what over 8,000 n.mi.

Both the FPS-16 and the FPQ-6
are capable of simultaneous presen-
tation of returns from regular radar

echo (skin) targets and from bea-
con-carrying targets. Although the
radars will track returns having
negative signal-to-noise ratios, the
usual practice is to quote ranges to
the zero db signal-to-noise ratio
condition to establish a reference
point,

Using this reference, the FPS-16
will skin track targets having an
effective radar cross section of one
square meter to about 125 n.mi.
The new FPQ-6 will extend this
tracking range to 500 n.mi.

The range of either radar on
beacon-carrying targets depends
upon the characteristics of the
beacon in the target and upon its
antenna pattern. Beacon tracks are
normally established to ranges
many times beyond the skin track-
ing capability and could conceiv-
ably exceed the nonambiguous
measurement capabilities of the

500 Mi ! 500 Mi ! 500 Mi
) 250 Mi—| l—
—250 Mi—| —+  —16000 yds
1]
‘!E 16000 yds
"
A i A A _
A 8, A A, A 8; A

A, — REGULAR PULSE TRANSMISSION

B, —ECHO FROM A PREVIOUS A, PULSE TRANSMISSION
A,—DELAYED PULSE TRANSMISSION, 16,000 yd AFTER NORMAL TIME
B, —ECHO FROM THE FIRST A, PULSE TO BE TRANSMITTED, ONE ZONE BEHIND

FPQ-6 determines true range of target by placing it in a zone. In this
example, target in second zone has apparent range of 250 n. mi, true

range of 750 n. mi
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radars.

Later FPQ-6s may be beefed up
in several ways. To quote a few
possibilities: (1) parametric ampli-
fiers would extend the one square
meter range to 650 nautical miles;
(2) use of one of the simpler ver-
sions of pulse compression tech-
niques, 850 n.mi; (3) use of (1)
and (2) together, 1,100 n.mi; and
(4) a cryogenic version of (1) plus
doubling the transmittal power of
(2), 1,850 n.mi.

RCA’s Missile and Surface Radar
division built the FPS-16 and is
now producing the FPQ-6 under
contract to the Navy Bureau of
Weapons. The first two FPQ-6s
will be delivered to the Atlantic
Missile Range and be checked out
and operational by September. A
transportable version, designated
TPQ-18 that can be packed in nine
shelters and transported in C-124
or C-133 cargo planes or by ship,
will be delivered to AMR already
checked out and ready to operate
in August.

New features used in the FPQ-6,
according to RCA, include: a re-
vised console to provide the most
useful acquisition features for the
operators as well as automatic,
semiautomatic and manual equip-
ment to supplement the operators;
improved built-in acquisition fea-
tures in the ranging equipment; an
auxiliary nonreferenced range sys-
tem (Auxtrack) which permits

electronics




Modularized transportable version, AN/TPQ-18, can be
moved by land carrier or cargo aircraft

Permanent AN/FPQ-6 installation to meet tighter range
requirements, nonambiguous tracking to 32,000 m. mi

For Space Ranges o som r wasox, s s

angle-only acquisition and tracking
through operator selective gating
of the tracking receivers; a C-scope
with video integrator to enhance
long range target acquisition; rapid
slewing circuits (on the order of
several hundred thousand yards per
second) with added tracking fea-
tures; and four A scopes displaying
range increments,

The transmitter is a more stable
version of the one developed several
vears ago for the Signal Corps and
White Sands Missile Range. It is
convertible to doppler measurement
(target radial range rate), pulse
compression, and other more elab-
orate coherent transmitter-receiver
techniques. The transmitter fre-
quency synthesizer and multiplier
scheme may be used with minor
variations to drive r-f output stages
covering other r-f frequency bands,
such as L, S or X band.

The digital range machine that
has extended the uonambiguous
tracking range to above 32,000
n.mi was originally developed as a
modification kit for the FPS-16. As
far as is known, RCA says, this is
the only range tracker in the world
with nonambiguous, multiple time
around tracking capability to this
range. The multiple time around
feature permits the use of much
higher repetition rates than could
otherwise be utilized. It is all-elec-
tronic and prevents beacon-stealing.
This feature is vital to multiple sta-

December 15, 1961

tion radar operation with overlap-
ping radar coverage.

The trick to measuring nonam-
biguous range at such a distance is
to be able to determine which trans-
mitted pulse has created the echo
that appears on the scope. For ex-
ample, a pulse repetition frequency
that allows a pulse to travel to a
target 500 n.mi away and return
before the next pulse is transmitted
will present any target within this
500 mi range without ambiguity.

If, however, a target is 750 mi

from the transmitter, a second
pulse will have been transmitted
before the echo from the first pulse
has returned. The 750-mi target
will appear on the scope as 250 mi.
To obtain its true range. it must be
determined which zone the target is
in. Its true range will be the 500 mi
across zone 1 plus its apparent
range of 250 mi, totaling 750 mi.
A target at 1,250 mi true range—
in zone 3—would still present an
apparent range of 250 mi.

When a target is acquired with

INSTRUMENTATION RADAR CHARACTERISTICS

FIs-16
(1955)

System

FIro-6
(1961)

Frequency

Penk power

5.100-5.900 Me

I Mw fixed:

C-band tunable
5.000 -5.900 Mc
3 \w

250 Kw tunable

Pulse repetition frequency

Pulse duration with pulse coding
Antenma beam width 1.1 deg
Receiver noise figure 10 db

Runge measurement capability

Range tracking granularity 1yd
Antenna size

Antenna gain 44.5 db
Antenna polarization vertical
Antenna pedestal weight 12,000 In

Angle tracking rates
el 30 deg/see
Angle tracking precision 0.1 mil s

Range tracking rates 10,000 xd /see

various, between
112 & 1.707 pps
0.25, 0.5 & ! usec

500 n. mi: 8.000 with digital
range modification

12 f1; 4-horn monopulse

az 10 deg/sec;

160 & 640 primary but others
up to 1.507 pps

0.25. 0.5, 1 & 2.1 usec

0.1 deg

8 dhb

32,000 n. mi.

nonambiguous

2vyd

29 ft cassegrainian

5-horn monopnlse feed
51 db

vertical or circular
100,000 ib

up to 28 dee/sec/in,
bath anes

005 mil rms

20,000 vdl /see
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no previous reference some tech-
nique must be used to determine its
zone. Here, in principle, is how the
FPQ-6 does it automatically:

In the drawing, a target is ac-
quired (B,) establishing an appar-
ent range of 250 mi. On the next
go-round, the transmitter pulse is
delayed by 16,000 yards (4.). Two
receiver tracking gates are gener-
ated simultaneously, the first to co-
incide with the regular pulse at the
target’s apparent range, and the
second for the delayed pulse return.

A target echo appears again. If
this echo appears from the delayed
pulse, then the target is actually
250 miles away. In the example,
however, the return appears from
a normal transmission. This indi-
cates that the target is at least
more than one zone away.

On the next go-round, a delayed
echo (B.) appears. This tells that
the target is in zone 2. The true
range is then 750 mi.

The zone number is thus obtained
by counting the number of times
the pairs of tracking gates are gen-
erated before a target return ap-
pears in the second gate. The true
range is the number of zones minus
one, plus the apparent range.

A problem arises from this zone
identification technique. As the
target moves from one zone into the
next, tracking may be lost due to
receiver saturation or ground clut-
ter. The solution is to prevent the
target signal’s being returned in
an interference region. This is done
by alternately delaying groups of
transmitter pulses and receiver
tracking gates by 32,000 yds until
the signal return is outside the in-
terference region.

The antenna mount is probably
the greatest single contributor to
the successful performance of the
radar, RCA says. Features igcluded
are precise data takeoffs; high and
low servo response bandwidth capa-
bility with high gain across the var-
iable range; high torques to coun-
teract wind forces and to achieve
high accelerations; hydrostatic
bearing in azimuth and phased ball
bearings in elevation to provide
tracking smoothness at extremely
low, as well as high, angular veloci-
ties; attention to maintaining the
orthoganality of the azimuth and
elevation mechanical axes; and
minimization of changes in a sta-
bility due to thermal effects.
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Silver Price Jumps Nine Cents

WASHINGTON — Kennedy adminis-
tration changes in silver policy, to
rees-ablish a free market, has
caused initial wide fluctuation in
the world price. As predicted
(ELECTRONICS p 14, Oct 20), world
price almost immediately went over
$1 an ounce.

The Treasvury stopped selling at
91 cents an ounce, This price, two
cents under world price, had caused
its free silver stock to dwindle from
210 million ounces in 1959 to 22 mil-
lion.

Treasury estimates world de-
mand at 300 million ounces and
supply at 235 million. Demand will
be lowered to 250 million ounces by
having the Treasury draw on paper
money reserves for its 50-million-
ounce annual coinage requirements.

The administration wants Con-
gress to repeal the mandatory buy-
ing price of 90.5 cents for new
silver and to remove the 50 percent
tax on silver transaction profits.
Congress will probably go along,
but senators from silver-producing
states are expected to put up a fight.

Sen. Frank Church, of Idaho, a
leader of the silver bloc, has pre-
dicted price will stabilize around
$1.10. He feels this price, plus

SILVER IN ELECTRONICS

Electronic industry is one of the
principal users of the 100 million
ounces of silver consumed annually
in the U.S.

Silver Users Association esti-
mates (based on a survey of Cali-
fornia users) that some eight mil-
lion ounces are used for printed
circuits, silver cells batteries, wave-
guide plating and other clectronic
uses, except soldering, contacts and
ceramics.

In the entire electrical industry,
soldering and brazing consumes 24
to 27 million ounces, electrical con-
tacts use 18 to 20 million ounces
and ceramics take 1 to 13. million
ounces

restoration of a free market in the
U. 8., will stimulate production
enough to close the gap between
supply and demand.

Spokesmen for the Silver Users
Association contend narrowing the
gap and removing the profits tax
will bring significantly larger
amounts of silver—both new silver
and hoarded—on the market. They
estimate the world price may sta-
bilize at only slightly higher than
91 or 92 cents an ounce.

Electronic System Controls Freight Yard

One of nine control towers in computer-controlled freight yard o f Canadian
National Railways at Montreal. Three miles long and 3,100 feet wide, yard
has a capacity of 11,000 cars, can classify 7,000 cars a day. Closed circuit
tv is used to read off car numbers. Radar measures car speed during hump-
ing for train make-up. Car speed for optimum coupling is worked out by
computer and braking is applied to cars automatically in a special track
section

electronics



TEST, MAINTAIN MICROWAVE SYSTEMS?

Do a more complete, better job
faster and more economically

with Dymec Microwave

Test Sets— Signal Generators

Dymec Microwave Test

&

Sets and Signal Generators

combine several basic

instruments in one compact

i

unit to give faster and more
economical test and main-

tenance service for
microwave systems.

:JF'

©

Each test set includes signal generator, power meter,
wavemeter and precision attenuator. They combine to
meet a wide range of requirements:

DY-623B SHF Test Set, ideal for use with communica-
tions, control and video microwave systems; measures
receiver sensitivity and selectivity, plus transmitter fre-

quency and power level.

© B

@
@v% S

AT

?

!

DY-624C X-Band Test Set (above)

DY-5381 High Power X-Band
Signal Generator (left)

DY-624C X-Band Test Set, particularly useful for testing complete radar and fire control systems or radar

beacon equipment.

DY-5003 X-Band Test Set, incorporates features of the DY-624C, has higher output power, more accurate atten-
uator, is protected against accidental application of high input signals.

DY-5381 High Power X-Band Signal Generator, provides minimum output of 250 milliwatts over its entire range,

approximately 400 mw at band center; especially useful for testing radar systems through directional couplers.
Also useful as parametric pump.

DY-5636 H-Band Test Set, covers the important microwave relay communications band, is particularly con-
venient for testing complete communications systems.

Brief specifications are presented here. Write your Dymec/Hewlett-Packard representative or contact us directly for complete information.

SPECIFICATIONS

DY-623B

DY-624C

FM, power line
frequency

Pulse, 35-3500 cps
FM, power line
frequency

DY-5003 DY-5381 DY-5636
Frequency Range 5925-7725 mc! 8500-10,000 mc 8500-10,000 mc 8500-10,000 mc 7125-8400 mc
Frequency Meter Range 5820-7780 mc 8500-10,000 mc 8500-10,000 mc —_ 7125-8400 mc
Output Power 0dbm (1 mw) 0 dbm (1 mw) 15 dbm (30 mw) 24 dbm (250 mw) 15 dbm (30 mw)
Output Attenuator Range| 70 db 100 db 100 db 100 db 100 db
Internal Modulation FM, 1 kc Pulse, 35-3500 cps

35-3500 cps. FM,
power line freq.

Pulse, Square Wave,

FM, 1 ke

External Modulation

FM, Pulse, Square
Wave, 30 cps to
100 kc

FM, Pulse, Square
Wave, 35-3500 cps

Pulse, FM, Square
Wave, 35-3500 cps

Pulse, FM, Square
Wave, 35-3500 cps

100 ke

FM, Pulse, Square
Wave, 30 cps to

Power Measurement
Range, CW

—6to 4+ 3dbm

—6to + 3dbm

—6to + 3dbm

—6to + 3dbm

Price

$1,900.00
(transit case)

$2,265.00 (cabinet)
$2,250.00 (rack mtd.)

$3,600.00
(rack mounted)

$4,835.00
(rack mounted)

$4,475.00
(transit case)

13 Klystrons needed for full range.

D Y M E C gG0x

A Division of Hewlett-Packard Co.

Dept. E-12, 395 Page Mill Road, Palo Alto, California

December 15, 1961

Data subject to change without notice. Prices f.0.b. Palo Alto.
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METAL FILM RESISTORS
OFFER 5 TEMP. COEFFICIENTS
TOMEETALL CIRCUIT

REQUIREMENTS

RUGGED END-CAP

CONSTRUCTION

FOR LONG TERM
STABILITY

EXCEPTIONAL
RESISTANCE T0
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 out-
perform precision wirewound and
carbon film resistors. Prime charac-
teristics include minimum inherent
noise level, negligible voltage coeffi-
cient of resistance and excellent
long-time stability under rated load
as well as under severe conditions of
humidity.

Closce tracking of resistance values
of 2 or more resistors over a wide
temperature range is another key
performance characteristic of
molded-case Filmistor Metal Film
Resistors. This is especially impor-
tant where they are used to make
highly accurate ratio dividers.

Filmistor Resistors, in V&, V4. 1%
and 1 watt ratings, surpass stringent
performance requirements of MIL-
R-10509D, Characteristics C and E.

Write for Engineering Bulletin
No. 7025 to: Technical Literature

Section, Sprague Electric Co., 35
Marshall Street, North Adams, Mass.
For application enginecring assistance,

write: Resistor Div, Sprague Electric Co.
Nashua, New Hampshire

SPRAGUE

THE MARK OF RELIABILITY

‘Sprague’ and ‘@' are registered trademarks of the Sprague Electric Co.
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Thin-Film
Tunnel Devices
Are Still in
Research Stage

By MICHAEL F. WOLFF,

Senior Associate Editor

HOW FAR have researchers gone in
applying to practical devices the
discovery of quantum-mechanical
tunneling in supercooled thin-film
devices?

A check made during the past few
weeks finds the. emphasis still on
study of the tunneling phenomenon
in prototype devices rather than on
attempts to fabricate actual cireuit
elements,

When this type of tunneling was
announced last year (ELECTRONICS,
p 11, Nov. 25, 1960}, there was con-
siderable speculation on applica-
tions in cryvogenic electronics. Re-
searchers pointed out potential uses
like computer switching and
memory circuits, oscillators, triodes,
resistors and capacitors.

A General Electric researcher
points out that the thinness of the
insulating film (about 20 ang-
stroms) makes it difficult to control
current. Current has been repro-
duced in the laboratory to within a
factor of two. GE is experimenting
with device prototypes and trving
to further understand the electron
tunneling before concentrating on
current control.

Researchers at Arthur D. Little,
Inc. explain that utilization of their
tunneltron (ELECTRONICS, p 42, Dec.
9, 1960) depends to a great extent
on thin-film technology. Their de-
vice uses aluminum oxide or barium
stearate films whose thickness is
limited to the range between
roughly 15 and 25 angstroms over
an area of 0.1 sq mm.

They are still optimistic about
the basic device, however, pointing

ADL researcher uses vacuum cvap-
orator to fabricate thin-filn devices

out that its inherent noise tempera-
ture of a few degrees Kelvin and
the ability to control the character-
istic with a magnetic field make it
potentially attractive for cryogenic
computers.

Present plans at ADL are to see
whether the tunneltron can be used
in a practical eircuit and also to use
the tunneling effect as a tool for
further study of superconductivity
—as in measuring the width of the
energy gap in superconducting
metals.

Tunneltron oscillations have been
measured in the r-f region. Further
circuit studies will aim at making
the device oscillate at a frequency
predicted from a prior -cirecuit
analysis and then seeing how the
oscillation parameters are affected
by varyving bias, temperature and
magnetic field. Next step will be to
test the tunneltron as an amplifier
or rectifier.

Bell Labs is evaluating the po-
tentialities of superconducting thin
films for military and other appli-
cations, but thev too are basically
concerned with understanding
properties of the materials rather
than manufacturing devices.

A thin-film device of possibly

more general utility 1s Philco’s
metal interface amplifier (ELEC-

TRONCIS, p 11, June 2, and p 89,
Sept. 29, 1961). Consisting of a
germanium substrate upon which
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successive layers of aluminum,
aluminum oxide and gold are de-
posited, this three-terminal device
exhibits at room temperature ampli-
fication resembling that of an NPN
transistor.

Interest remains strong in this
device but there is disagreement
as to the basic mechanism of oper-
ation. Philco researchers attribute
the source of energetic electrons to
tunnel emission through the thin
insulating film. However, R. N,
Hall questioned this, at GE Re-
search Lab. He claims that when
the aluminum film is evaporated on
the germanium substrate, pin holes
are formed through which the gold
penetrates. Space-charge limited
current flows from the gold into the
space-charge region at the surface
of the germanium and these elec-
trons are collected by the n-type
germanium as in a depletion-layer
transistor.

Experiments at Raytheon dis-
cussed at NEREM by J. M. Lavine
tend to support Hall’s ideas. Lavine
felt the majority of electrons col-
lected by the germanium are coming
through the pin holes, although a
minority may well be energetic
tunneling electrons. In the Ray-
theon research device, power gain
of 20 db has been obtained at 1 Kec
at room temperature. Beta as large
as 200 has been exhibited.

Regardless of the mechanism,
the metal interface amplifier is seen
as eventually promising active thin-
film devices. According to a Philco
spokesman, a program of fabri-
cation, testing and analysis has led
to a new MIA configuration, includ-
ing advances in fabrication tech-
niques.

CURRENT

Tunneltron characteristic for lead-
tin device at 3.3 degrecs K. Verti-
cal scale is 0.5 mv/large div, hori-
zontal is 50 upa/large div
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(Advertistment)

Magnetic Shift Registers
Now Available
At Sensible Prices

Sprague Electric Company’s
Special Products Division has scored
another first by breaking the “$5.00-
per-bit” barrier. Magnetic Shift Reg-
isters for industrial control applica-
tions may now be obtained for less
than the proverbial $5.00 figure.

Inherently more reliable, more
stable than costlier semiconductor
alternates, these new encapsulated
shift registers permit substantial
savings in the design and production
of your equipment without sacrific-
ing quality or performance.

Sprague core-diode type shift reg-
isters employ high reliability com-
ponents ruggedly assembled and
epoxy encapsulated for long service.
They are offered in a variety of pack-
age designs which have been devel-
oped to be compatible with all mod-
ern wiring techniques and equipment
construction.

The cores used in Sprague mag-
netic shift register assemblies are all
subjected to rigid switching tests
which carefully control the basic
parameters important to reliable
operation in the final circuit appli-
cation. Completed assemblies are
10097, pulse-performance tested to
insure strict adherence to engineer-
ing specifications.

Available in single-bit as well as
multi-bit assemblies, with or with-
out bit drivers, to meet your indi-
vidual packaging requirements,
Sprague Magnetic Shift Registers
may well be the answer to some of
your design problems.

For further information, or for
application engineering assistance
without obligation, write to Special
Products Division, Sprague Electric
Company, 35 Marshall Street,
North Adams, Massachusetts.

VALUES OF
CAPACITANCE

IN SMALL PHYSICAL SIZE!

Sprague offers two series of ''block-
buster’ electrolytic capacitors for use in
digital power supplies and allied applica-
tions requiring extremely large values of
capacitance.

Type 36D Powerlytic® Capacitors pack
the highest capacitance values available
in their case sizes. Intended for operation
at temperatures to 65 C, maximum capac-
itance values range from 150,000 uF at
3 volts to 1000 uF at 450 volts.

Where 85 C operation is a factor,
Sprague offers the Type 32D Compulytic®
Series, the ultimate in reliable long-life
electrolytics for digital service. These re-
markably trouble-free units have maxi-
mum capacitance values ranging from
130,000 uF at 2.5 volts to 630 uF at
450 volts.

Both 32D and 36D Capacitors have low
equivalent series resistance and low leak-
age currents, as well as excellent shelf
life and high ripple current capability.

if you'd like complete technical data
on Type 36D units, write for Engineering
Bulletin 3431. For the full story on the
“blue ribbon’ Type 32D Series, write for
Engineering Bulletin 3441B to the Tech-
nical Literature Section, Sprague Electric
Company, 35 Marshall Street, North

Adams, Massachusetts.
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GUARANTEE
of Quality
This GUDEBROD Lacing
Tape is Manufactured
under strict Quality
Control. Complete test
data is on file for your
protection under

Lof#18861

THIS SEAL GUARANTEES YOU
REAL LACING ECONOMY u..

increased production
with fewer rejects!

Always specify Gudebrod whether you use one spool of lacing tape or thousands
because Gudebrod lacing tape is produced under strict quality control. Gudebrod
checks and rechecks every lot of tape to insure that it meets the highest standards
. higher standards than those required to meet MIL-T specifications.

Gudebrod helps increase your production because we carefully test, measure and
maintain close tolerances on such characteristics as slip resistance, fray resistance,
breaking strength, wax content, fungistatic effectiveness. These and other tests assure
you that when Gudebrod lacing tape is used production increases. Knots don’t slip . . .
harnesses stay tied . . . assemblies remain firm . . . there are fewer rejects!

Whatever your lacmg needs—Teflon*, dacronf, glass, nylon, high temperatures,
special finishes—Gudebrod makes it or will produce a tape to meet your special re-
quirements. If you want a tape to meet 1500°F . . . Gudebrod Experimental Research
Project 173 is the answer. If you want a tape that meets MIL-T-713A . . . Gudelace®
( Style 18 Natural) is the answer.

B W EE KT AT NAR e Gl s M) &%

MAKE THE H-R TEST! Write for samples of Gudelace or other Gudebrod
lacing tapes and have them tested in your harness room. Compare a harness tied with
a “Quality Controlled” Gudebrod tape and any other tape. This test will convince you
that when you specify Gudebrod you specify real economy—increased production
with fewer rejects.

Write for our free Technical Products Data Book. It ex-

plains Gudelace and other Gudebrod lacing tapes in detail.

*Dupont's TFE fluorocarbon fiber. 1Dupont’s polyester fiber.

GUDEBROD BROS. SILK CO,, INC.

Electronics Division Executive Offices
225 West 34th Street 12 South 12th Street
New York 1, New York Philadelphia 7, Pa.
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MEETINGS AHEAD

RELIABILITY AND QUALITY CONTROL, 8th
National Symposium, PGRQC of IRE,
AIEE, ASQC, EIA; Statler Hilton
Hotel, Washington, D. C., Jan. 9-11,
1962.

OPTICAL CHARACTER RECOGNITION Sym-
posium, National Bureau of Stand-
ards; Department of the Interior Aud.,
Washington, D.C., Jan. 15-17, 1962.

ELECTRICAL ENGINEERING Exposition
for electrical-electronics industry,
AIEE, New York Coliseum, N.Y.C.,
Jan. 29-Feb. 2, 1962.

REDUNDANCY TECHNIQUES FOR COM-
PUTING SYSTEMS, Information Systems
Branch of Office of Naval Research;
Department of Interior Aud., Wash-
ington, D. C., Feb. 6-7, 1962.

MISSILES & ROCKET TESTING Sympo-
sium, Armed Forces Communications

and Electronies Association; Cocoa
Beach, Fla., Feb. 6-8, 1962.
MILITARY ELECTRONICS, 3rd Winter

Convention PGMIL of IRE (L.A. Sec-
tion); Ambassador Hotel, Los
Angeles, Calif., Feb. 7-9, 1962.

SOLID STATE CIRCUITS, International
Conference, PGCT of IRE, AIEE;
Sheraton Hotel and U. of Penn.,
Philadelphia, Pa., Feb. 14-16, 1962,

APPLICATION OF SWITCHING THEORY TO
SPACE TECHNOLOGY Symposium,
USAF, Lockheed Missiles and Space;
at Lockheed Sunnyvale, Cahforma,
Feb. 27-Mar. 1962.

IRE INTERNATIONAL CONVENTION ; Coli-
seum & Waldorf Astoria Hotel New
York City, Mar. 26-29, 1962.

SOUTHWEST IRE
SHOW; Rice Hotel,
April 11-13, 1962.

CONFERENCE AND
Houston, Texas,

JOINT COMPUTER CONFERENCE, PGEC
of IRE, AIEE, ACM; Fairmount
{{01:2e1 San F‘ranmsco, Cahf May 1-3,
96

ADVANCE REPORT

INTERNATIONAL CONGRESS ON HUMAN
FACTORS, IRE Profcssional Group on Hu-
man Factors in Electronics: Lafayctte
Hotel, Long Beach, California, May 3-4,
1962, The program will be recpresenta-
tive of the scope of the PGHFE as an
interdisciplinary group of cngincers and
scientists. PPapcrs that clearly deal with
problems of human factors are solicited
in the following areas: automatic con-
trol, biological science, communications,
computers, cybernetics. electrical engi-
ncering information  theory, mathemat-
ics, medicine, and psychology. Submitted
papers should present ncw rescarch find-
ings. either experimental or theoretical
with the experimental implications called
out. Papers should illustrate the power
and necessity of an interdisciplinary
approach to the human factors area.
Preferably papers shonld not cxeced 30
minutes of presentation length. Ab-
stracts of less than 300 words should be
sent before January 1 to John W, Send-
crs, Technical Program  Committee
Chairman, Minncapolis-Iloncywell Regu-
lator Company. 2600 Ridgewood Road,
Minn. Final manuseripts of papers ten-
tatively accepted on basis of abstracts
should be submitted before February 15.
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Radiation’s Telegraph Distortion Measurement System
effectively reduces costly downtime in wire or radio tele-
graph and data links. A compact, self-contained unit, TDMS
provides continuous on-line monitoring — and alerts even
the non-technical operator when a circuit is deteriorating.

TDMS offers additional advantages which increase the
efficiency of communication systems. It transmits perfect
telegraph test signals, for example, permits adjustment of

December 15, 1961

Unique monitoring system
anticipates trouble spots in communications networks

telegraph relays during operation, and tests start-stop me-
chanisms. It can also replace most equipment needed for
teleprinter terminal maintenance and monitoring.

TDMS (and other Radiation commercial equipment) owe
their advantages to Radiation’s unequaled experience in
advanced aero /space communication systems. To find out
how TDMS can service your network, write Dept. EL-121,
Radiation at Orlando, 5800 McCoy Road, Orlando, Fla.

RADIATION
H at Or/lando
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Reason regulates all things . .. Epictetus

Guided Missiles Range Division of Pan
American World Airways, Inc.;as prime contractor
to the U. S. Air Force at Cape Canaveral, is increas-
ing technical staffs in Planning; Engineering and
Operations of the Atlantic Missile Range.

Technically respected people with leadership
ability are needed to fill these new career positions.

Current requirements are for physicists, engi-
neers and mathematicians with B.S.; M.S,, and
Ph.D. degrees.

For a prompt reply, address your inquiry in
confidence to: Professional Employment Man-
ager, Guided Missiles Range Division, PAN
AMERICAN WORLD AIRWAYS, INC,,
Dept. W-46, P. O. Box 4336, MU 113, Patrick
Air Force Base, IFlorida.

All qualified applicants will be considered for
employment without regard to race, creed, color

or national origin.

D
=~J= GUIDED MISSILES RANGE DIVISION

ea PATRICK AIR FORCE BASE, FLORIDA
-

~ 2
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A\IAILABLE FRUM STOCK IN PRODUCT
FORMS TO MEET YOUR NEEDS. Universal-

Cyclops now adds sintered molybdenum mill products
to its growing line of refractory metals. A leading pro-
ducer of arc-cast molybdenum and its alloys, the com-
pany’s Refractomet Division has adapted its years of
experience and technical know-how in this area, to the
production of sintered molybdenum.

The only integrated producer of molybdenum mill
product forms, Universal-Cyclops now provides imme-
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diate delivery of sintered product, as well as arc-cast,
in all mill forms —for every application in the chemical.
electronic, electrical, glass, metalworking, industrial hea:-
ing, missiles, and aircraft industries.

For complete information, write Refractomet Division
or call your nearest district sales office.

UNIVERSAL
™ CYCLOPS

STEEL CORPORATION
COLUMBIUM

EXECUTIVE OFFICES: BRIDGEVILLE, PA.
MOLYBDENUM . TANTALUM TUNGSTEN
HIGH TEMPERATURE METALS .+ TOOL STEELS . STAINLESS STEELS
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IMMEDIATELY

AVAILABLE
@)

Model “YE” by

DURANT

{Test count-life over 70 million)
Offered in TWO STYLES:
1. Quick PUSH-BUTTON RESET
2. Electric REMOTE RESET

I First high-speed electrically actuated counters with
cERAMIc METAI_ added advantage of electric reset. Clean-cut, legi-
- ble 3/16” figures, white on block. Ideal for all

HYDROGEN THYRATRONS high-SPee_d electric counting applications — accuy- . ALASKA GRAY
rate at high, low or intermediote speeds. AND SEAL BROWN
Long-lasting, miniature thyratrons for DURANT MANUFACTURING CO.
h . ey 1912 N. Buffum St, 12 Thurbers Ave. s 2 5
compact modulator design in missile, Mifigiies o W - vstis o e
airborne and ground-based applica- | Represenfotives in Principol Cities ?
tions. Ruggedly built . . . withstand z

severe shock, vibration and tempera-
ture extremes. . . functionally replace
most glass-envelope tubes.

|

@ CERAMIC-METAL |
HYDROGEN DIODES
High-power, high-voltage, hydrogen-
filled diodes for use as grid-controlled
rectifiers, hold-off diodes, inverse clip-
pers and back-swing clippers. Com-
pact, light, rugged . . . withstand se-

vere shock, vibration and temperature
extremes.

ot ¥ | |

Compoct, with great rigidity — en-
tirely enclosed ogoinst dust and
moisture. Base or panel mount.
Speeds to 1500 C.P.M.

DuUu/RANT

CIRCLE 205 ON READER SERVICE CARD

CERAMIC-METAL | o
GLASS-METAL, WHAT'S

TRIGGERED YOUR
SPARK GAPS TRANSISTOR

Compact, low-cost spark gaps de-
signed for electronic crowbar and high
energy switching operations. Low COOLlNG &{} e
trigger energy requirement, fast fol-

S A8
low-through after trigger pulse, unaf- PROBLEM? 3%

fected by atmospheric conditions,
zero filament power requirement.

R#ggked'}'b b‘t’.“t to &’ViLhSta“rdtjf"e;e Whatever it is, you can probably find the solu-
el p VLRl el Ut S tion with a Birtcher Radiator. Available in sizes

tremes. > o 3le
and designs to most efficiently cool all popu-
larly used (and many special) transistors.
Test reports show up to 27 9% more transistor
@ TRANSFORMERS, efficiency!
POWER SUPPLIES AVAILABLE FROM AUTHORIZED BIRTCHER DISTRIBUTORS
EG&G is outstandingly well staffed S S
and equipped to design and produce NEW!
custom-built transformers, chokes,
magnetic amplifiers, DC to DC con- : TRANSISTOR
verters, pulse transformers and power | RADIATOR
supplies for military or commercial CATALOG 1-HR
use . .. and trigger transformers for PR —
1 B3 G sl B, @ | Just off the press — write for it
Full technical information on all B ——— -

products available on request.

@ el THE BIRTCHER CORPORATION

Germeshausen INDUSTRIAL DIVISION
& Grier, Inc. 745 S. MONTEREY PASS ROAD, MONTEREY PARK, CALIFORNIA

162 BROOKLINE AVENUE, BOSTON 15, MASS.
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For the man to see, go to EBG

One more reason electronics buyers’ guide and Reference
Issue is your most valuable reference book when you're buying:

For the first time, the 1961 EBG lists in the Green Section
the actual name of the man to see in the company from which
you want to buy . . . the man designated by the company who
knows prices, delivery dates, specifications, etc. This valuable
new feature is only one of many in this year’s Manufacturers’
Index. The same EBG section tells you the number of engi-
neers, number of employees, dollar volume of business of each
manufacturer, etc. And there's still more . . .

Guide to military and government procurement . . . Complete,
most useful guide for the man who is doing business with the
government, Lists the military and government agencies that
buy electronic equipment and services, with phone numbers,

addresses, procurement officers’ names, and what they buy.

Specific product listing . . . each listed under its specific head-
ing, no matter how many products a company makes. More
than 3,000 are cross-indexed.

Registered trade-name index . . . lets you find the manufac-
turer of a product when you know it only by its trade name.

Local sales office listing...gives you man-
ufacturers’nearest sales offices, addresses
and phone numbers.

These are only a few of the features that
make electronics buyers' guide your ‘‘best
buy’* for both buying and selling in the
electronics industry. Make the most of
your '61 EBG. Use it every day.

electronics buyers’ guide and reference issue 7ne Basic Buying Guide in Electronics since 1941

@ A McGRAW-HILL PUBLICATION 330 West 42nd St., New York 36, N. Y.

December 15, 1961
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The First Major
Variable Resistor

In load life, freedom from

resistance change under mechanical
wear and aging, Stackpole Controls
with new STABILITE* Elements
surpass any general purpose
variable resistors produced since
the early days of radio!

By achieving far greater variable resistor
stability—at no increase in cost—the new
Stackpole STABILITE elements provide
greater circuit design freedom while
assuring maximum dependability for the
equipment in which they are used.

Available in all Stackpole Control

o

N

2 D
>

\vw‘

*Trademark, Stackpole Carbon Co,

electronics



Advance In

STABILITY in Years

types, STABILITE elements handle higher
loads with an absolute minimum of derat-
ing. And they maintain their tolerance
through years of hard use!

STABILITE elements result from entirely
new techniques in applying carbon dis-
persions to a specially-developed base
material. The accompanying data tells its
own story of truly remarkable perform-
ance under pertinent conditions of
normal use.

For complete details and engineering
samples, call your local Stackpole sales
engineer or write on company letterhead
to: Electronic Components Division,
Stackpole Carbon Company, St. Marys,

Pennsylvania.

STACKPOLE

VARIABLE
composition
RESISTORS

Fixed Composition Resistors « Slide & Snap Switches + Ceramag®

Ferrite Cores ¢ Fixed Composition Capacitors Ceramagnet®

Ceramic Magnets - Electrical Contacts + Brushes for all Rotating

Electrical Equipment Graphite Bearings, Seal Rings, Anodes

Hundreds of Related Carbon & Graphite Products

December 15, 1961

& Compare this performance
with any controls you've
ever used hefore!

PERFORMANCE TEST
LOAD LIFE @ 25°C, 1000 hours

500 volts, dc. . .......... 3 to 1 watt | depending
750 volts,dc. ........... Y2 watt, Min. { on value.
LOAD LIFE @ 70°C, 1000 hours
500 volts, dc. . .......... 1> to 3 watt | depending
750 volts,dc. ........... ¥> watt, Min. { on value.
SHELF LIFE ............. Unlimited
NOISE .................. 3 to 8 millivolts, values

below 500,000 ohms.

8 to 12 millivolts, values
above 500,000 ohms.

Average Percent Resistance Change

ZERO LOAD @ 100°C for 1000 hours
+4%, values to 100k; =2%, values above 100k.

VOLTAGE COEFFICIENT
Less than =0.01% per volt. (+0.005% per volt, avg.)

TEMPERATURE CHARACTERISTIC
+3% from 20°C to 105°C

HUMIDITY: 95% RH @ 40°C for 240 hours
+4% to +5%, values to 250k; +6% to +9%, values
above 250k.

MECHANICAL LIFE: 25,000 cycles. .. .Less than 4%

Gontrol “Mechanics” Have Been
Improved Too!

® New rear bearings assure wobble-free shaft
operation.

® 70% less backlash on “ordinary” tandem controls.
Zero backlash on tandems for stereo.

® Close-tracking or matched element controls available
for stereo.

® Full line of switches for most types—rotary, push-
push, pull-push.

@ Built-in solder flux guards on switches of miniature,
3" diameter types.

CIRCLE 39 ON READER SERVICE CARD
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PURITY Good

parts
work
hest!

Intermediate 3
Frequency
Transformer ﬁ
IFT A

HIGH

METALS

AND

ELECTRONIC
MATERIALS

METALS AND ALLOYS

ALUMINUM ANTIMONY
_ARSENIC BISMUTH |

(I =

by rigid quality controls. Mitsumi Electric

CAOMIUM GOLO w The high standards of MITSUMI electronic POLYVARICON
|ND|UM LEAD ;f components are insured by a fully-auto- V°”°b'|e 4
SILVER TIN 1INC X mated assembly system, and double-checked Capacitor 3

ﬂ

High purity alloys are made

Company is Jopan's largest manufocturer

from these metals to customer g‘ﬁ of components for radio, television and
specifications. lkiz communications equipment. /7\
STANDARD FORMS ==
ah y A&/ J
NGOTS SHEET | MITSUMI PARTS 4
BARS SHOT ?. MITSUMI  ELECTRIC CO., LTD.
RODS POWDER ?_‘ Komae, Kitatama, Tokyo
RIBBON WIRE b
" CIRCLE 207 ON READER SERVICE CARD
PREFORMS @ —— _-—
Preforms are available in a range |

This Random-Access Crossbar Stores
200 6-Bit Instructions for Machine-
] Tool and Process Control. Access
| | Time <12 Milliseconds.

of sizes and shapes such as
discs, dots, washers, squares
and spheres. Enquiries are
invited on our alloy preforms.

COMPOUND
SEMICONDUCTORS
INDIUM ANTIMONIOE

Availahle as crystals, wafers,
circles, rings and other shapes
made to precise tolerances.

CHEMICALS
SALTS SOLUTIONS

COMINCO

Minimize electronics, -maximize reliability with this unique*
coordinately-actuated, high-speed electromechanical matrix —
the ideal link between punched tape or cards and machine or
process controls. 20 million operations/crosspoint rated, 100

| million regularly achieved. Hundreds of modern automated
PRODUCTS INc_ ' devices are designed around the logic capabilities of Crossbar.
Write. We'll tell you how and why.
Electronic Materials Department ‘ *Exclusivity protected by U.S. and Foreign Patents.

933 West Third Avenue Cunnin gham :
. Plant & Offices:
J

© EEEER ESTABLISHED 1830 mmmme Honeoye Falls, N. Y.

Spokane, Washington

Ph. RI 7-7103  TWX: SP 311 SOPHISTICATED SWITCHING SYSTEMS . FPhone: Honeoye Falls 485

TWX RO 572-U

BOX 516, ROCHESTER 2, NEW YORK
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Sanborn® FIFO— fully transistorized, shown
actual size

SPECIFICATIONS : MODEL 860-4000 FIFO AMPLIFIER

Isolated, floating, guarded input — 100 meg.
impedance min. at DC

Isolated, floating output — impedance less
than 35 ohms

Bandwidth DC to 3 db down at 10 KC

Max. Gain of 1000 —10 mv in gives +10 volts
out across 1000 ohms (floating). Optional
Model 860-4000P with power output isolated
from input can deliver +5 volts at +100 ma
at ground potential

Linearity +0.19, of 10-volt floating output
at DC

High Common Mode Rejection —160 db at DC,
120 db at 60 cps, 100 db at 400 eps, with 1000
ohms unbalance at source

Drift 2 wv, Noise ? uv RMS

Specifications subject to change without notice,

Time base, 12 ms 'div:amplitude, 2*; of full scale.
A simall AC signal was mized with the overload to

increuse visibility of recovery trace.

NEW 0-10 KC

Floating Input-Floating OQutput

DC AMPLIFIER

The new FIFO (floating input —floating output)
isa fully transistorized amplifier designed especial-
ly for obtaining data from wide bandwidth trans-
ducers. A single FIFO used with an input scanner
can amplify data from many transducers, or the
outputs of any number of FIFO amplifiers may
be sampled.

Model 860-4000, with gain of 1000, is particularly
useful for extracting low level signals from a high
noise level. Model 860-10001 (with grounded out-
put isolated from input) can deliver +5 volts at
+100 ma and issuitable for driving high frequency
galvanometers. Both FIFO models have a high
common mode rejection ratio and, as illustrated
by the ’scope photo, exceptional overload recovery
capability.

The FIFO amplifier is available in a portable case
with individual power supply. Two channels with
individual power supplies are available on a 313" x
19" panel for rack mounting, or you can mount
eight amplifiers in 7" x 19” with a Sanborn Model
868-500F 8-channel power supply.

Contuct the Sanborn Industrial Sales- Engineering reprcsentative
nearest you or write the main office in Waltham for complete
information and engineering assistance.

INDUSTRIAL DIVISION

SANBORN COMPANY

175 Wyman Street, Waltham 54, Massachusetts
A SUBSIDIARY OF HEWLETT-PACKARD COMPANY

CIRCLE A1

For

DC to 100 cps

bandwidth

DATA PREAMPLIFIER 860-15008

Has floating, guarded
input and floating out-
put; delivers +5 volts
across 2000 ohms; lin-
earity +0.059, of full
scale (5 volts); band-
widthDCto3dbdownat
100 cps; rejection ratio
106:1 with 5000-ohm
source unbalance at 60
cycles. Either fixed
gain between 10 and
2000, or with attenua-
tor to provide any se-
lected gain within this
range. Amplifier has
less than 2 uv drift and
less than 3 uv peak-to-
peak noise.
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PRINCETON

scientists and engineers in
a unique role

The frontiers of space science and technology are being expanded at
Aerospace Corporation. The scientists and engineers of this organiza-
tion are the critical civilian link uniting government and the scientific-
industrial team developing space systems and advanced ballistic missiles.
In this mission Aerospace Corporation provides advanced systems
analysis and planning, theoretical and experimental research, initial’
systems engineering, initial technical direction and general technical
supervision. Included in the latter are integration and review of the
cngineering, development and test operations of industry to the extent
necessary to assure achievement of system concept and objectives in an
cconomical and timely manner. These people are privileged to view both
the state-of-the-art and system development in their totality. Immediate
assignments exist for those individuals highly skilled in these specialties
and who are knowledgeable in inter-disciplinary problem solving.
Men with advanced degrees are urged to contact Aerospace Corporation,
Room 110, P.O. Box 95081, Los Angeles 45, California.

Organized in the public interest and dedicated to providing objective leadership
in the advancement and application of space science and
technology for the United States Government.

AEROSPACE CORPORATION

All quolified appliconts will receive considerotion for employ ment without regard to race, creed, color or nationol origin.
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NEW TAPES TAME DESTRUCTIVE
HEAD-HEAT COMPLEX

ScoTCH® BRAND Heavy Duty Instrumentation
Tapes take new speed and friction tensions in stride!

December 15, 1961

Today’s trend to speed-up in the recording of
instrumentation data—with tape speeds up to
120 inches per second—can mean *“Slow Down,
Trouble Ahead!’ for tapes that can’t cope.
On the other hand, “ScoTcH” BRAND Heavy
Duty Tapes love to live dangerously—are
made for challenging environments where tape
speeds are fast and getting faster, where in-
stantaneous temperatures caused by friction
between tape and head shoot up. Two new
“ScotcH” Tapes—Heavy Duty Tapes 498 and
499—are especially designed for applications
where ordinary tapes soon wear out.

They live 15 lives. Actual field tests show that
“ScoTcH” BRAND Heavy Duty Tapes last 15
times as long as standard tapes . . . stoutly re-
sist high temperatures, both externally and
internally generated. Inin-
strumentation uses, where

tensions caused by friction

and heat make tape wear SCUtCh
an important factor, these magnetic ape
Heavy Duty Tapes pre- i
serve the integrity of the | . A00
coating, minimize rub-off 493
and particle redistribution
that separate tape from head . . . and yow from
a signal.

When the heat’s on for ordinary tape (above
150°F.), the binder softens and coating loosens
from backing. Then the dropout count mounts.
Not so with “ScoTrcH” Heavy Duty Tapes!
They cooly withstand the damaging effects of
temperatures up to 250°F., without blocking or
layer-to-layer adhesion. And excellent resolu-
tion is maintained at high and low frequencies.

High conductivity is another feature of
“ScotcH” Heavy Duty Tapes . . . nearly 1000
times that of conventional tapes! Static charges
drain off without building up . . . you get a
smooth, clean tape pass evary time, with ex-
cellent resolution. This efficient static drain-off
makes stray contaminants less likely to be
attracted to the tape.

At tape-killing paces—in speeds, tensions,
temperatures—we suggest you consider these
heavy-duty champions of the tape world: No.
498 and (for extra recording time) No. 499.
And for all your needs—in data acquisition,
reduction, or control—there is a right “ScorcH”
BRAND tape for the job.

Call your 3M Representative in all major
cities . . . he’s a helpful guy, a convenient
source of supply and information. Consult him
for details or write: Magnetic Products Div.,
3M Co., St. Paul, Minn. © 1961 3M Co.

“SCOTCH" and the Plaid Design are registered trademarks of 3M Company,
St. Paul 6, Minnesota. Export: 99 Park Avenue, New York, N.Y. In Canada:
London, Ontario.

Magnetic Products Division gm
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Z-5183 (CW)

(without solenoid)

Saturation Gain.. . .. . 30 decibels, min
Power Output, CW. . .10 w, nominal
Length. . . .. ....9 inches

Weight (including solenoid) 34 pounds

Z-5182 (CW)

(PPM)

Saturation Gain...... 30 decibels, min
Power Output, CW . .. 150 mw, min
Length. . ... ... ..... 11.2 inches
Weight. ... ......... 3.0 pounds

Z-5184 (Pulsed)
(without solenoid)

Saturation Gain. .. ... 25 decibels, min
Power Output, peak. .l kw, nominal
Duty Cycle. . . ......0.01, nominal
Length. .. ... ... ... 11 inches

Weight (including solenoid) 20 pounds

1 Kw
14-18 Kmc

General Electric Announces
Three K, Band TWT's
With Power Up to 1 Kw

A significant breakthrough in microwave
technology now permits General Electric to
offer highest available K, Band power output.

Developed under an Air Force contract, the
three new tubes can be operated singly or in
cascade. The highest rated TW'T, Z-5184,
delivers 1 kw peak. The Z-5183 delivers 10 w
CW, and the Z-5182, 150 mw CW.

With their broad bandwidth, high gain, and
rugged metal-ceramic construction, General
Electric TWT’s offer optimum performance in
critical applications, such as radar, CW ampli-
fication, ECM, microwave relay systems and
radiometry. They are also particularly suitable
for aircraft and space vehicle systems.

Sample tubes are available for customer
evaluation. To obtain more information on
these General Electric traveling-wave tubes,
contact your nearest Power Tube Sales Office
(telephone numbers listed below). Or write to
Power Tube Department, G-E Company,
Schenectady, N. Y., for bulletin PT-58.

265-12-9545-8481-44

POWER TUBE DEPARTMENT

GENERAL &3 ELECTRIC

TELEPHONE TODAY—Syracuse, OL 2-5102 . . . New
York City, W1 7-4065 . . . Clifton, N. J., GR 3-6387 . . .
Washington, D. C. EX 3-3600 . . . Chicago, SP7-1600 . ..
Dayton, BA 3-7151 ... Orlando, Fla., GA 4-6280 ... Los
Angeles, GR 9-7765

a5



"IN LESS THAN\‘
4 SECONDS

WITH THE REVOLUTIONARY |
PRODUCTION AID TOOL!

“PIG-TAILOR"®

Foot operated
No accessories

3 minute set up $125.00

‘‘PIG-TAILORING"’ ||

o revolutionary new mechanical process for
higher production at lower costs. Fastest
PREPARATION and ASSEMBLY of Resistors,
Capacitors, Diodes and all other axial lead
components for TERMINAL BOARDS, PRINTED
CIRCUITS and MINIATURIZED ASSEMBLIES.

PIG-TAILORING eliminates: . Diagonal cutters
. I.ong nose pliers » Oporalor judgment . 90%
ing time . B .

now - tin oxide trimmers

“Infinitrim? by Intellux

Resolution is stepless, TC is better than 50ppm/°C and they

are great for high ambient temperatures. Yet, Infinitrims
are interchangeable with ordinary trimming potentiometers,

Available in the popular " square shape as well as

round, in values from

100 ohms to 10K.

Up date your circuits now . . . improve performance and

reliability,

intellu/x

I NCORPDRATTED

Brokon leads .« Short circuits from 'rrr' ]
65% chassis handling « Excessive lead laulncu
« Haphazard assembly methods.

PIG-TAILORING provides: « Uniform component
position . Uniform marking exposure « Minia-
turization spacing control *+ *'S°’ leads for termi-
nals « **U'* leads for printed circuits » Individual
cut and bend lengths « Better time/rate analysis
+ Closer cost control « Invaluable labor saving
« Immediate cost recovery,

Pays for itself in 2 weeks

“‘SPIN-PIN"'®
Close-up views of
“'SPIN-PIN™ illystrote
fast assembly of
tailored-leod wire fo
terminal.

* No Training

* No Pliers

* No Clippings
* Uniform Crimps
® 22 Sizes

PAYS FOR ITSELF
THE FIRST DAYI

\_ $500....

Write for illustrated book to Dept, E-12

BRUNO-NEW YORK INDUSTRIES CORP.

DESIGNERS & MANUFACTURERS OF ELECTRONIC EQUIPMENT

460 WEST 34th STREET NEW YORK 1, N. Y.

TE S

Write for complete
“Infinitrim Data'’

P.O. Box 929, Santa Barbara, Calif.

CIRCLE 209 ON READER SERVICE CARD

WITH EECO DUAL-CONTACT
SOCKET ADAPTERS FOR RELAYS
AND OTHER SOLDER

TERMINAL COMPONENTS

Now you can halve the time for acceptance
testing or breadboard checking, by using
EECO socket adapters. End clip lead fum-
bling. Dual insulated contacts for each pin
eliminate effect of contact resistance in
measuring voltage drop. Highest specifica-
tions. AS Series adapters $15 plus .50 per
pin, substantial price breaks for quanmy
Order from more than 50 configurations in
catalog or send in your header and request
quote at low standard price.

SEND FOR CATALOG AS-2

AS-109.8
= AS-101-8
]

AS-113-8 |
AS-112-14

AS-102-20

AUTOMATION DIVISION

46 CIRCLE 46 ON READER SERVICE CARD

Electronic Engineering Company .; caiisornic

1601 E. Chestnut Ave. » Santa Ana, Calif. + KImberly 7-5501 « P. O. Box 58

Representative in Western Europe and Israel: Electronic Engineering S.A., C.P. 142, Fribourg, Sw.ltzerland EE 1-35

CIRCLE 210 ON READER SERVICE CARD
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TWA's superior experience is your
assurance of superlor
cargo service

Fast, efficient service across the country or across the Atlantic. Detailed, meticulous
service. When your business can profit by that kind of service, call TWA Air Freight.
To serve you as no other airline can, TWA has:

Exclusive nation-wide, world-wide
routes. Only TWA can give you one-carrier
service to key cities within U. S. and major
markets in Europe, Africa and Asia.

Experienced personnel. TWA’s cargo ex-
perts are professionals like yourself. Abreast
of the latest developments, they’re ready to
serve you with knowledge and skill.

A fast growing fleet of modern planes.
Fast Superdets and all-cargo Jetstream ex-
press flights move cargo of all descriptions
over the world day and night.

Unsurpassed maintenance for on-time
performance. Care that exceeds govern-
ment standards keeps TWA planes in peak
condition. Experience keeps them on time.

TWA has grown with the air freight industry. What’s more, we’ve planned for its future.
That’s why in the busy years to come, TWA will continue to deliver your goods where

the business is . . . quickly, efficiently, dependably!
THE
rWA e
AIRLINE®

US A EUROPE-AFRICA ASIA

Call your freight forwarder, cargo agent or nearest TWA Air Freight
office for details of how TWA Air Freight can save you time and money.

STWA THE SUPERJET AIRLINE is a service mark owned exclusively by Trans world Airlines, Inc,

December 15, 1961 CIRCLE 47 ON READER SERVICE CARD 47



VITAL: eommand and control systems which collect, transmit, process

and display information to military commanders responsible for

compressed-time decisions.

THE

MI'TRE

CORPORATION

is now engaged in designing and developing
computer-based command and control systems
which collect, sort, transmit, and display infor-
mation vital to those who make command de-
cisions. SAC’s Command and Control System,
SAGE, BMEWS, NORAD, MIDAS and other
urgent military programs are all within the scope
of MITRE’S system integration work.

Formed in 1958, MITRE is an independent
nonprofit corporation with a growing technical

® Operations Research e Radar Systems and

staff engaged in systems planning, engineering
and management for the Air Force Electronic
Systems Division.

You are invited to join this scientific com-
munity and participate in important work which
is performed in an atmosphere of objectivity
and free inquiry.

Engineers and scientists interested in the
vital field of command and control technology
may inquire about openings in:

e Mathematics

e Communications Techniques e Air Traffic Control

® Human Factors e System Analysis System Development

® System Cost Analysis ® Advanced System Design 4 Antenna Design

e Econometrics e Computer Technology Microwave Components

Write in confidence to: VICE PRESIDENT — TECHNICAL OPERATIONS, THE MITRE CORPORATION,
Post Office Box 208, Dept. WN17, Bedford, Massachusetts

An equal opportunity employer

electronics



Ditferent potting and encapsulating proflems require different colutions. That's why
General Electric offers a family of eight RTV and LTV silicones. LTV-602, for instance,
is transparent, resilient and very easy to repair, curing in two hours. RTV liquid
silicone rubber compounds offer good physical strength, resiliency and a selection
of viscosities for impregnation, potting, conformal coatings or sealing.

8 fast cures for potting and encapsulating problems

General Electric Silicones protect against
temperature, moisture, ozone, thermal and mechanical shock

Why are G-E silicones used? To protect against
temperature extremes from —65°F to 600°F
. to provide a resilient, shock-absorbing

cushion for delicate parts . .
elecirical properties . . . for their very low
(0.29) shrinkage . . . for their resistance to
moisture, ozone and thermal shock,

. for outstanding

¢

How are G-E silicones used? By dipping. pour-
ing. spraying or buttering. Cure times can be
varied from minutes to hours, depending on
catalyst used and the heat applied (from room
temperature to 125°C). They bhond easily to
properly primed surfaces, are easily removed
from unprimed surfaces.

VISCOSITY
COLOR POISES CONSISTENCY

LTV-602 [ Clear 15 Easily
RTV-11 White 120 Pourable
RTV-20 Pink 300
RTV-40 White 450 Pourable
RTV-60 Red 550
RTV-77 White 8,06 | Spreadable

Thixotropic
RTV-88 Red 19,000 Paste
RTV-90 Red 12,000 Stiff Paste

Which is best for you? G-E encapsulants vary in
viscosity from a readily pourable liquid to a
thick paste to At special requirements. Appli-
cations range from deep impregnation of trans-
former coils to caulking of large equipment
... fram printed circuit encapsulation to mak-
ing flexible molds,

Write for complete data. 1f you would like a free sample for evaluation, write on your business letterhead describing

your proposed application

Section

N1264, Silicone Products Dept., General Electric Co., Waterford, New York.

GENERAL @ ELECTRIC

CIRCLE 49 ON READER SERVICE CARD



REMOTE DATA RETRIEVERS, EVENT AND DATA RECORDERS

unit assures even diffusion
on silicon or germanium
wafers, Extremely critical
temp. control (rclclor
type). Uniform “flat” zone
in depositing chamber
totally me from temp.
“rippies”. Enginecred at-
mospheres and distribution. Built-in pro-
gram controller and instrument panel.
Silicon carbide heating elements — temps.
to 1350°C. Easy to maintain. Shipped
complete, ready to operate. Type LA-
19D furnace with nickel-chrome ele-
nients — temps. to 1000°C.

HAYES LAC-55M
ALLOYING FURNACE CIRCLE 211 ON READER SERVICE CARD
Now used by many
major electronics firms — — — —
for alloying, metal
bonding, soldering,
other applications

P AT thinking of magnets? think of e

to 1100°C. Unusual tiexibility. 5-zone | OLYMPIA 7-1818

temp. control . . . maintain temps. within {TWX: NY 4-4798)
m all sizes engineering

tional office duplicators.

Whatever your recording problem may be — contact
HOGAN FAXimile, a subsidiary of TELautograph
Corporation, 635 Greenwich Street, New York 14, N. Y.

S e . four] (7
/‘ \\ ! 117,50 g
) (13
(" wiuam ¢, oman, 21200 pmm AND; pror | f
Hayes Furnace Division = c
Manager, explains . . . 12¢.99 i!M“I-TA"EO"SI-Y f -
WHY ELECTRONICS 127.98 ; | 3
TURN TO HAYES | [SSRZ L g
E.\'n'emcly Close Process Control is o s g . =
vital in manufacturing semi-con- HOGAN FAXimile recorders are available with up 7]
%uc;]ous and other electronic parts. to 2000 individual styli for simultaneous recording. A g
/ithout this control, costs and o i i —
scrap rates go up, product perform- _ Wldg range of .stylus spacings is oﬁ“ered. -up to 100 to 5
ance becomes unpredictable, and : the inch for high-speed facsimile, television and radar =
I%l/od;{cl hlfL is drastically reduced. recorders and high resolution printers and plotters. )
L2 'c‘,'éétifnﬂ‘c’ lé‘r‘%‘f;luf’ggk’lgg Chart widths to 30" and feed rates to 50" per second. E
to Hayes for consulting assistance - Hogan specializes in electrolytic techniques for event, m
and for equipment to solve complex 5 i d fmil i 2
and exacting heat treat jobs. Herc spectrum analysis, osci ograph an facsimile recording, @
are some “for instances” of the frequency time analysis and special purpose binary and '
(’)?‘T:'r‘lgg“d equipment Hayes s gray scale record applications. Hogan electrolytic re- o
HAYES BA-19D DIFFUSION cording papers provide a permanent high contrast black E ’
FURNACE Highly precise on white record which is reproducible on most conven- 2
M
X
m
3|
[~
]
-
]
bl
L

HOGAN FAXimile Corporation « 635 Greenwich St., New York 14, N. Y.

A SUBSIDIARY OF TELAUTOGRAPH CORPORATION

SL1h0C, LA,

HAYES MS-31R RECIRCU- WEBSTER 6-6251

LATING DRYER Molecu- (TWX: LA-20886)

Dryer complete with gas/
air recirculating unit, for
“‘dry box' atmospheres
for assembly of transist-
ors diodes, other elec-
tronic parts. Dew points
to —-100°F or lower, Eco-
nomical — replaces expensive tank nnro-
gen. Simple controls. Easy maintenance.
Standard units caps. to 16,000 CFH.
Higher caps. on special order.

Hayes equipment covers every elec-
tronics requirement: zone refining, PERMAG CORP., 88-06 VAN WYCK EXPRESSWAY, JAMAICA 18, N. Y.
crystal growing, alloying. metal PERMAG PAC

POMe, class (or ceraniic)-to- I G PACIFIC CORP., 2910 S. LA CIENEGA BLVD., CULVER CITY, CALIF.
metal sealing, vacuum hcat treating, \
hlgh temp. outgassing, air/gas dry-

ifilsg atméspherc genetation (hydro: CIRCLE 212 ON READER SERVICE CARD
gen, nitrogen, dissociated ammonia, —
forming gas, endo and cxo gascs,)

With theoretical development work
in the lab backed-up by a double- '
check on actual production-scale
equipment . . . Hayes can help you s

improve quality, cut costs, increase

W all shapes \ precision grinding
W all grades \ precision cutting
24-hour delivery \ magnetizing

production. Write for Bulletin Words and pictures tell you about the top
5711C. new product ideas each week in “On the
Market”. Who makes 'em and what they’ll

c. I. “AYES, INC do for you, Easy way to keep in touch with

the latest and best.

Another reason why it will pay you to
| subscribe to electronics (or renew your sub-
FIND WHAT  scription) right now. Fill in the box on

Reader Service Card. Easy to use. Postage

YOU NEED IN . . . free.

electronics
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845 WELLINGTON AVE.,CRANSTON 10,R.I,
Established 1905

It pays to see Hayes for metallurgical
guidance, lab. facilities, furnaces, atmos-
phere generators, gas and liquid dryers,
nHayes-Master (TM) control units.




VERSATILE

Multi-channel—telegraph Al or telephone A3

STABLE

High stability (.003%) under normal operating conditions

Components conservatively rated. Completely tropicalized

3090 S.W.37th AVENUE

1961

December 15,

Here’s the ideal general-purpose high frequency trans-
mitter! Model 446, suitable for point-to-point or ground-

to-air communication. Can be remotely located from
operating position. Coaxial fittings to accept {requency
shift signals.

This transmitter operates on 4 crystal-controlled
frequencies (plus 2 closely spaced frequencies) in the
band 2.5.24.0 Mcs (1.6-2.5 Mcs available). Operates
on one frequency at a time; channeling time 2 seconds.
Carrier power 350 watts, Al or A3. Stability .003%.
Nominal 220 volt, 50/60 cycle supply. Conservatively
rated, sturdily constructed. Complete technical data
on request.

Now! Complete-package, 192 channel, H.F., 75 1b.
airborne communications equipment by Aer-O-Com!
Write us today for details!

Also available — Aerocom
Model 1046 with 1 KW

nominal carrier power and
Model 100TF A —100 watts

MIAMI 33, FLORIDA

CIRCLE 51 ON READER SERVICE CARD
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NEW LITTON TRAVELING WAVE TUBES

20 mW to 5.5 kW, 400 Mc to 11,000 Mc

Want high performance, high CW power and wide bandwidth
from a compact, lightweight TWT? You get just that with the
Litton Industries underweight, undersized family of TWT's that
are bigger and better in every other way. For instance, the
L-3472 gives you 10 watts in a 12-inch, 2.5-pound package. The
2-watt L-3612 is only 11 inches long and weighs just 1.5 pounds.

Most of these tubes are PPM focused. Special helix design and
fabrication techniques have raised the saturation gain to within
three db of small signal gain. Can be supplied with small signal
gains up to 60 db. Input and output circuits are coaxial, provid-
ing minimum frequency sensitivity. Bandwidth limited only by
combined beam-circuit bandwidth. Optimum voltage for small
signal operation same as for saturated operation. Helix isolated
from tube body, permitting overload protection, helix modula-
tion, and helix current monitoring.

Guaranteed to withstand Class Il military environment. Applica-
tions include airborne ECM, power tube driver, radar target
repeaters, and voice and data communications systems.

Contact us at San Carlos, California, for more information.

LITTON

52 CIRCLE 52 ON READER SERVICE CARD

LINEAR POWER CHARACTERISTICS OF LITTON L-3472 VS OTHER TWT'S

>
o

41 DB
43 DB GAIN s L3472

5.40 GAIN T = oy

© - Bl =

.; // OTHER rwr'sJ

Eas

E //

(-4

£

2 L~

25
~15 —10 -5 0 +5 +10 +15
POWER INPUT — DBM
Freguency 5
Tube Type Range Power Output Smakll Signal Duty

Number Megacycles Minimum Gain Minimum Factor
L-3499 2000-4000 2W 36 db cw
L-3663 2000-4000 low 33 db cw
L-3619 2000-4000 20 W 33 db cw
L-3470 4000-8000 20 mw 36 db cw
L-3711 4000-8000 1w 36 db cw
L-3471 4000-8000 2w 36 db cw
L-3657 4000-8000 1ow 33 db cw
L-3658 4000-8000 20w 33db cw
L-3611 7000-11000 20 mwW 36 db cw
L-3612 7000-11000 2 W 36 db cw
L-3528 5000-11000 5 W 33 db cw
L-3472 7000-11000 JUR 36 db cw
L-3529 7000-11000 20W 36 db cw
L-3614 8000-11000 1 kw 36 db .02
L-3497* 1240-1400 5.5 kW 40 db .06
L-3674* 400- 450 5 kw 37 db .06
L-3637* 5900-8400 200 mwW 30 db cw

INDUSTRIES
Electron Tube Division

MICROWAVE TUBES AND DISPLAY DEV

1CES

*In Develoapment

electronics



counting controls for industry, defense and space exploration &

Counting bottle caps, pills or tiles . . . Operators in the remote control booth In industrial automation systems,
Veeder-Root electronic counters with of high-speed strip mills get auto- Veeder-Root remote digital readout
photo-electric input record up to a sur- matic readings of steel production on coordinates control, makes operating
prising 300,000 units per minute. Veeder-Root electrical counters. data instantly, constantly available.

Indicate, coordinate, automate...with Veeder-Root counters!
Now get facts fast—facts you can use for stepping up your
operation, for integrating parts of it, for activating other
equipment, automatically. Veeder-Root makes facts like
these surprisingly economical to come by. For details, write
Veeder-Root Inc., Hartford 2, Conn. count on...Veeder-Root

Decemkbker 15, 1961 CIRCLE 53 ON READER SERVICE CARD 53
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AMPin-cert™ Pin And Socket Connectors Cost Less!

...and there are two good reasons why!

AMPin-cert Connectors give you the only stamped and formed pin and socket contacts
in the industry.

Automatic application of the AMP* solderless termination technique precision

crimps contacts to leads at rates of 1,600 or more per hour with the use of minimum
skill labor.

AMPin-cert Connectors cost less to buy and. .. less to apply—give you connector per-:
formance of extreme reliability at the lowest installed cost in the industry.

Additional features include:

» Choice of 5 types of contacts

o Spap-in design contacts with cantilever beam con-
struction for easy insertion and dependable retention
forces

* Wide variety of configurations and sizes

* Complete line of matching hardware

For all the money-saving facts on AMPin-cert Pin and Socket
Connectors write for complete information today!

*Tradémark of AMP tnc, *

AMVMP INCORPORATED

GENERAL OFFICES: HARRISBURG, PENNSYLVANIA

AMP products and engineering assistance are available through subsidiary companies in; Australia ¢ Canada e England « France  Holland  [taly e Japan ¢ Mexico o West Germany

54 CIRCLE 54 ON READER SERVICE CARD electronics



Re
p JRetd
"REAR
< . REC
b
A%}\i : - o
o ¢ )
! RECEIVE- "TRANSMIT
\\ / FORE =
T |
\
\ \/
\

"RECEIVE
AFT

AVERAGER —
OuTPUT

electronics

December 15,1961

FI¢;. 1—Basic navigation system using corvelation techniques. Inset of

wircrast to right shows the transmit and receiver beam configuration

Air and Space Navigation System

USES CROSS-CORRELATION DETECTION TECHNIQUES

By RAYMOND J. MILLER,

Time-domain  measure-
ment of reflected micro-
wave beams determines
surface velocity of aircraft
or space vehicles. Time
measurement is made by
correlating echo signals
received by several sep-

arated antennas

December 15, 1961

Advanced Guidance and Navigation Unit. Light Military Electronics Dept.,

Advanced Electronics Center, General Electric Co.. Ithaca. N. Y.

THE CORRELATION NAVIGATOR is a
self-contained surface speed and
drift angle measuring system with
capabilities for measuring altitude
above terrain and vertical velocity.
This navigator is independent of
the nature of the terrain and sea
states encountered during opera-
tion. Unlike doppler systems, the
system takes advantage of unique
characteristics of radar signal re-
turns from individual scatterers.
Self-contained velocity sensors
using doppler frequency measure-
ments of the echo power from one
or more microwave beams have
been developed. It is also possible
to make a time-domain measure-
ment of reflected microwave beams
to determine surface velocity of a
moving vehicle (see Ref.). This
time measurement is made by cor-

relating the echo signals received
byv several separated antennas.
The inset in Fig. 1 shows trans-
mit and receive beam configuration.
One advantage over a doppler navi-
gator is that a single wide beam of
microwave energy is transmitted
and the center of this beam is ori-
ented perpendicular to the under-
Iving reflecting surface. Ordinarily
this reflecting surface would be the
earth; however, the velocity sens-
ing capability would be equally use-
ful during approaches to the moon
or other planets. Several receiving
antennas are used and these also
have vertically oriented broad-beam
patterns. Because of the broad r-f
beam patterns. small horn antennas
are used throughout. This is not
done as a technical trade-off: accu-
racy of the correlation technique is

55
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enhanced by use of small antennas
and broad beamwidths.

The cross-correlation detection
technique is based upon the prin-
ciple that the echo return from a
set of fixed scatters at a point in
space under identical conditions of
transmission and reception is
rinique and reproducible at different
t'nies. This principle has been em-
ployed in airborne MTI systems to
remove the ground clutter, and is a
function of the aircraft velocity.
The MTI technique accomplishes
clutter removal by electrically
phase-displacing the center of the
receiving antenna so that during a
pulse repetition interval, the an-
tenna remains effectively station-
ary. The correlation navigator re-
verses this process by seeking out
the amount of electrical phase shift
required for maximum cancellation
and then determining vehicle sur-
face velocity from this information.

Figure 1 shows a simple corre-
lation navigator including the rela-
tive positioning of the antennas and
the method of signal processing. A
single transmitter horn, X, and two
receiving horns, A and C, are
shown. Directly beneath the horns,
two system positions in time are
indicated. The two positions are
separated by a distance, S/2, and in
time by r.

Figure 1 shows that the path fol-
lowed by transmitted energy to a
scatterer, Z, and back to the receiv-
ing antenna, A, is identical to, but
reversed in direction from, the path
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followed by transmitted energy
which is reflected r time later from
scatterer Z back to receiving an-
tenna C.

This example has only a single
scatterer. However, the same argu-
ment holds for all other scatterers
within the surface area intercepted
and illuminated by the transmitted
beam. Thus, the integrated received
signals indicated by R,(t) and
R.(t) in Fig. 1 are similar, but dis-
placed in time by r.

From Fig. 1, r is inversely pro-
portional to the indicated velocity,
V, and is defined by:

_ distance _ S/2 _ S S
= S—=F =

velocity

The detected signals, R,(t) and
R.(t), are band-limited random
noise signals, generally limited to
the audio spectrum.

The upper frequency limit of the
detected signals is directly propor-
tional to the frequency of transmis-
sion twice the velocity of the vehicle
and the sine of one-half the trans-
mitted beam angle. Fig. 2A shows
how typical samples of R,(t) and
R.(t) would look.

In Eq. 1, S is known and can be
measured as the mechanical spacing
between the two receiving antennas.
More properly, S is the spacing be-
tween the electrical centers of the
two receiving antennas, and for
high accuracy systems, the exact
value of S must be ascertained dur-
ing system operation over a cali-
brated course. Although S is a crit-

ical dimension in the measurement
of V, the main criterion is that S
remain fixed once the system has
been calibrated. Original fabrica-
tion errors can be calibrated out
of the system and through proper
construction techniques, S can be
held stable over the system operat-
ing environmental ranges.

Time r is a measurable function
and is denoted as the time spacing
between R,(t) and R.(t) in Fig.
2A. As indicated in Fig. 1, R, ()
is passed through a variable delay
line and the delayed R,(?) is cor-
related against R.(t) as the delay
time is varied. When maximum cor-
relation is achieved, the correspond-
ing delay time is read out and sub-
stituted in Eq. 1 for r to establish
the related value of V. This max-
imum correlation is achieved when
the function R,(#) of Fig. 2A is
slid in time to the right until it is
superimposed directly on function
R.(t).

The position of the transmitting
antenna midway betwen the receiv-
ing antennas (Fig. 1), is not essen-
tial in an operational system. The
transmitting antenna may be at any
convenient place on the vehicle, and
can be the radar transmitter for
another onboard system if it is at
the same frequency and illuminates
the desired surface area to provide
a satisfactory backscattered signal.

Figure 2B shows a typical auto-
correlation curve for a random
function. The curve is symmetrical
about the zero relative time shift
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between the two signals. Since -
must be measured accurately to de-
termine V, it is desirable to operate
on the correlation curve in a re-
gion where a small change in 7 re-
sults in a significant change in the
correlation output signal. There-
fore operation at the peak of the
correlation curve is undesirable
since the curve passes through zero
slope in this region. One way to
accomplish the desired effect is to
differentiate one of the received
signals prior to correlation with the
other received signal. This is equiv-
alent to differentiating the correla-
tion curve, and results in a curve
similar to Fig. 2C. This curve has
maximum slope in the desired re-
gion of operation near - = 0.

However, this technique is not
desirable: it requires a null de-
tector operating about the zero sig-
nal level during lock-on; for opera-
tion over a sea surface and due to
the decorrelation effects of a mov-
ing sea surface, the correlation
curve itself becomes distorted so
that it is no longer symmetrical and
the zero crossover in Fig. 2B shifts.
Although unrelated, this would pro-
duce a velocity measurement error
somewhat equivalent to a sea bias
error in a doppler system.

The foregoing discussion leads to
the data processing technique used
in the correlation navigator. Con-
sider Fig. 2D which shows the ac-
tual antenna structure layout.

Four receiving horns and one
transmitting horn are used. Actual
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antenna tvpe and size will vary
somewhat with the specific applica-
tion, but in general each horn is
approximately 3 inches square (as-
suming X-band transmission), re-
sulting in an integral antenna
structure of under 12 inches in di-
ameter. With this antenna arrange-
ment and with appropriate switch-
ing, the backscattered and received
signals are processed to provide
surface speed and drift angle in-
formation to a navigation com-
puter.

In obtaining surface speed infor-

27 (where X is peak position in cm).
ion vs antenna sepuration (B)

mation, the signal received by each
of the forward horns is alternately
correlated against the signals re-
ceived by the rear pair. Since a
different physical spacing is as-
sociated with these alternate cor-
relations, two time spacings are
associated with the two peak cor-
relations (see Fig. 2E).

Curve A is the correlation curve
between the data obtained at R,
and the data obtained at the rear
horns. Curve B is the correlation
curve between the data obtained at
R; and the data obtained at the
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the two independently detected backscattered signals (C and D)

rear horns. The value of r is deter-
mined by switching alternately be-
tween the two curves and detecting
an error voltage signal. At a delay
time of =, where the separate cor-
relation curves cross, the error sig-
nal goes to zero and the ground
speed can be accurately measured
as a function of 7,. Note, however,
that the value of S to be used in
Eq. 1 now becomes the equivalent S
as indicated in Fig. 2D.

The constantly changing nature
of the sea surface introduces a
decorrelation function which is di-
rectly proportional to the relative
delay time between the lead and
the lag signals. This effect is shown
in exaggerated form by the dotted
curves in Fig. 2E. It can be readily
seen that these modified curves are
no longer symmetrical and, in fact,
the peak correlation points have
shifted to the left. In spite of this
effect, the crossover point of the
two curves remains the same, and
the correct value of delay time, =,
is measured in determining the true
surface speed.

In determining vehicle drift an-
gle, the two justapositioned rear
receiving horns are alternately
switched at the same switching rate
as the forward horns although 90
degrees out of phase. A second pair
of correlation curves somewhat sim-
ilar to those shown in Fig. 2E can
be established by first comparing
the data obtained at R; with the
data obtained at the forward re-
ceiving pair, and then comparing
the data received at R, with the
data obtained at the forward pair.
Again, an error detector is used to
detect the difference or error sig-
nal voltage. This error signal is
used in a servo loop to rotate me-
chanically the complete antenna as-
sembly. When the antenna assem-
bly axis is aligned with the surface
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track of the vehicle, this error sig-
nal goes to zero, and the drift angle
is read out as the angular position
of the antenna assembly. Determi-
nation of drift angle completes the
measurement of the true surface
velocity of the vehicle. .

Figure 1 also shows a variable
delay element. The device used is
a variable speed shift register; to
use this device, several other tech-
niques are employed within the data
processor resulting in a digital data
handling system.

First, the detected signals are
amplified and clipped, preserving
only the demodulated signal phase
information. The lead signal is
then sampled at a rate at least sev-
eral times faster than the highest
fundamental frequency contained in
this noise signal, and the sampled
information is transmitted through
the register. At the output of the
register, this signal is correlated
on a bit-by-bit basis with the un-
delayed signals detected at the rear
receivers. The output of the cor-
relator goes to an integrator or
data smoothing circuit which lim-
its and averages the random fluc-
tuations in the correlator output.
These smoothed data are used to
control an electronic servo loop
which regulates the sampling or
shifting frequency to the shift reg-
ister.

The correlation navigator will
always measure vehicle drift angle
and surface speed accurately if the
centerlines of the system receiver
antenna patterns are normal to the
underlying backscattering surface.
However, normal flight maneuvers
and vehicle trimming actions con-
stantly cause the receiver antenna
pattern centerlines to be nonper-
pendicular to the underlying sur-
face, thus resulting in measured
values of surface speed and drift

set-up (A) and front view of scattering disk (B); oscilloscope trace of

angle that differ from the true
values. These errors in measure-
ment are similar in nature to errors
in an unstabilized doppler system
and can be corrected by data sta-
bilization for example. However, it
has been found that even the un-
corrected system would always have
a measured error of less than 0.5
percent. An unstabilized, simple
correlation navigation system with
less-than-one-percent error appears
feasible for many applications.

For soft lunar landings and
Dynasoar recovery, the measure-
ment of vertical velocity and alti-
tude is important. The correlation
navigator system can be imple-
mented to provide these outputs in
addition to the outputs of hori-
zontal velocity and drift angle.

In general, a mechanically sta-
bilized system is required to assure
that the transmitted beam is ver-
tically oriented. Through the use
of pulsed transmission, altitude
above terrain can be measured con-
tinuously as in other types of pulse
altimeters. Ordinarily the altim-
eter will have a beam-limited re-
turn, and through threshold detec-
tion, a predicted accuracy of *+=150
meters at an altitude of 300 kilom-
eters can be obtained in spite of an
assumed moderately rough terrain.
Over smoother terrain, accuracy
would be proportionately better.

Vertical velocity could be ob-
tained by a determination of alti-
tude rate but studies show that a
three-axis receiving antenna array
can be used in determining all com-
ponents of velocity directly through
the correlation technique of data
processing. One preliminary receiv-
ing antenna array for such an ap-
plication (Fig. 2F) consists of a
triangular array of three dielectric
type receive antennas in the main
antenna plane with a fourth dielec-
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tric type receive antenna displaced
vertically along the perpendicular to
the centroid of the triangular
array. By cross-correlating the sig-
nals received among the various
pairs of antennas, the horizontal
and vertical components of velocity
can be separated out in much the
same way as is done in present
doppler systems, while retaining
the simplicity of the correlation
technique. Figure 2F does not show
the single transmitting antenna
since its positioning is not critical.

An experimental correlation
Navigator radar was flight-tested
in a small aircraft. Figure 3A dia-
grams the radar that was flight-
tested. The transmitting horn was
physically displaced an appreciable
distance from the receiving horns,
and one of the two receiving horns
could be moved forward or back-
ward or from side to side. Two re-
ceivers, consisting of synchronous
detectors and audio amplifiers were
used and their outputs were applied
to a multiplier circuit. A rotary
phase shifter caused correlation be-
tween the receiver outputs to be
evidenced as a 60 cps voltage at the
output of the multiplier rather than
as a change in d-c level. Low audio
frequency components, produced by
the c-w transmitter leakage, were
removed by 200-cps high-pass
filters.

Space normally used for the rear
seat was used for the correlation
navigator equipment (see Fig. 3B).

The transmitter operated c-w at
X-band with a power output of 100
milliwatts. Antennas were horns
with 2i-inch by 31-inch openings.
An L-C audio frequency delay line
was used in the forward receiver,
and correlation was measured as a
function of antenna spacing while
the aircraft maintained constant
heading and airspeed. The correla-
tion should have been a maximum
when the centers of the two receiv-
ing horns were aligned in the direc-
tion of motion, and the spacing be-
tween the centers was equal to
twice the distance that the aircraft
traveled during the delay time, the
delay being applied to the output of
the leading antenna.

To check this relationship, a
flight was made along a calibrated
section of railway tracks and the
data on output vs antenna spacing
plotted in Fig. 4A was obtained. At
the same time, the speed was
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checked by noting the time of pass-
ing various structures at known
distances along the track and plot-
ting the result. Two runs ere
made: the first westbound, the sec-
ond eastbound. The peaks of the
curves agree quite well with theory.

A calculated curve of cross-corre-
lation as a function of separation is
shown (Fig. 4B) for comparison
with the measured data. The time
delay is 1.188 milliseconds, the
value used in the tests. The speed
assumed is 105 mph; at higher
speeds, the entire curve is simply
displaced te the right.

Later laboratory tests were made
using the microwave system shown
in Fig. 5A and 5B. For these ex-
periments, a low power klystron
transmitted a c-w signal toward a
5-foot diameter rotating wooden
disk. The surface of the disk was
dotted at random with different
sized pieces of aluminum foil to
provide a backscattering surface.

The backscattered energy was de-
tected by the two receivers and
synchronously detected directly to
the doppler spectrum modulation.
These two signals were then ob-
served on a dual trace oscilloscope.
Figures 5C and 5D shows a repre-
sentative oscilloscope picture. Fig-
ure 5C shows the separate time
synchronized traces of the two sig-
nals and Figure 5D is a later time
synchronized presentation of the
two independently detected signals
superimposed upon one another.
Figure 5D shows especially well the
similarities between the two signals
and the time displacement between
them.

These experiments were carried
out for various rotor speeds; in all
cases the experimental data agreed
with theoretical predictions within
the limits of the test set-up.
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FIG. 6—Simplified velocity and dis-
tance data processor

Figure 6 shows a data processor
for the correlation navigator. The
demodulated and clipped lead
signal, signal A, is sampled by a
standard shift register and propa-
gated through the register to one
input of the half adder. The de-
modulated and clipped lag signal,
signal B, goes to the other input of
the half-adder. The half-adder is
simply a binary device that gives
an output signal if both input sig-
nals are of the same polarity, and
no output signal if the two input
signals are of unlike polarities.

The degree of coincidence or cor-
relation between the two input sig-
nals can be measured as a function
of the time-averaged output voltage
from the half-adder circuit. If the
input signals were a periodic func-
tion, the output from the correla-
tor could be reduced to zero by
shifting the phase of one input
signal 180 degrees with respect to
the other. However, this cannot be
achieved for a random signal since
the phase angle between the two
signals is continuously- changing
(except when they are locked in
phase) and the averaged voltage
output from the correlator will ap-
proach e/2 instead of zero volts.

The output of the integrator
(Fig. 6) provides the driving signal
for the control circuit which in turn
varies the clock, or shift, frequency
in a manner to maintain peak signal
correlation.

The control circuit is critical to
the system operation and both ana-
log and digital techniques have
been studied in this connection. The
most accurate control circuit in-
vestigated employs digital tech-
niques and two shift registers. In
this circuit the error signal from
the integrator is used to update a
recirculating register, which in
turn controls a second register.
The overflow of the second register
actually is the clock and provides
the input signal directly to the shift
pulse amplifier. Accuracy is limited
only by the number of stages used
in the two registers. The frequency
of the clock is a measure of ground
speed and the time integration of
this frequency provides distance in-
formation.
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Latest Developments in

New tubes include ultralinear tubes using multiple rectangular cathodes, low screen-
grid current tetrodes using collimated beams and high-gain video amplifiers

By LESLIE SOLOMON,

Associate Editor

SOME of the latest developments in
circuits and electronic devices for
the home-entertainment devices
were given at the Radio Fall Meet-
ing, sponsored by the EIA Engi-
neering Department with participa-
tion by IRE professional groups,
held in Syracuse, New York, be-
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tween Oct. 30 and Nov. 1, 1961.

One problem often encountered in
receivers is distortion of the signal
by high-level undesired signals from
other transmitters.

Within the receiver, interference
from undesired signals is caused by
curvature of the tube characteris-
tics. To solve this interference
problem, it becomes necessary to
linearize the transfer characteris-
tics of the input tubes (especially in
sensitive receivers).

An ideal input tube should be ca-
pable of handling an undesired sig-
nal of at least 10 v peak-to-peak
without generating serious inter-
ference, should be workable to at
least 200 Mc and if possible to 400
Mc, the noise figure should be about
10 db for 200 Mc. Transconductance
does not have to be high. Amplifica-
tion should be just sufficient that
the first stage can establish the
overall noise figure (a little over
one). However, the gain must not
be so high as to overdrive the next
stage with the undesired signal.
The desired signal can then be am-
plified and the undesired signal at-
tenuated in the following stages.’

To suppress both cross modula-
tion and intermodulation, the tube
characteristics must approach a
straight line. A quadratie character-
istic will suppress cross modulation
only. The variable pitch tubes com-

BEAM PLATE
) /N

monly used can never completely
suppress the interference. The
transfer characteristics of such a
tube consists of the sum of all the
characteristics of the pitches, which
are all three-halves power curves.
Consequently, the sum of these
curves can never be a straight line.
One approach is to use only the top
part of the transfer characteristic
as it is more linear than the bottom.

A cathode construction, consist-
ing of two or more rectangular
cathodes mounted in a row next to
each other and coated with car-
bonates only to the sides that face
each other, can produce almost
straight-line curves. At the moment,
there is no explanation of the phe-
nomena introduced by this cathode
configuration. Figure 1A shows
some characteristics of a diode de-
veloped at Westinghouse compared
to a conventional diode. All tubes
were aged and curves were made
using 6.3 v (approximately 725 C
cathode temperature) on the fila-
ments. The conventional cathode
shows a three-halves power curve
while the new cathode configuration
closely approaches a straight line.
Where they are not straight, they
follow a 1.25-power law.

Several experimental triodes and
tetrodes were built using the new
cathode. The tetrodes were made
with three cathodes and lined-up
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FIG. 2—Collimated beain tetrode and associated field plot
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grids to reduce screen current. Fig-
ure 1B shows the result of harmonic
measurements compared with a con-
ventional 6ABT.

A tetrode was used in a communi-
cations receiver in place of the
6AB7 and a desired signal of 140
uv of 4.1 Mc, 30-percent modulated
with 1-K¢ audio with an undesired
signal of 10 v peak-to-peak, 3.95
Me, 30-percent modulated with 1-Ke
audio as composite input.

With the 6AB7 and the new
tetrode, the level produced by the
undesired signal was + 2 db the
output produced by the undesired
signal was — 0.6 db for the 6ABT7
and — 28 db for the new tetrode.
The effect of age, noise and other
factors are still unknown.

The desire to obtain most of the
characteristics of a tetrode or pen-
tode without the useless and objec-
tionable flow of screen-grid current
has existed since the concept of
those structures. Reducing the
screen grid current results in a
noise figure substantially that of a
triode. Although focused electron
beams with zero first accelerator
currents have been used for some
time in cathode-ray and special-
purpose tubes, their use in the col-
limated beam tetrode, the DT-805H,
results in near idealized pentode
characteristics useful into the vhf
spectrum.® This new design, origi-
nated bv Tung-Sol Electric Inc, re-
sults in a plate family with sharp
knees and low knee voltage around
50 v, a screen-to-plate ratio of 2
percent, noise figure compared to
a cascode triode, transconductance
of 10,000 umhos or more, gridplate
capacitance of 0.02 pf and plate
resistance of one-half megohm.

Figure 2 shows the construction
of the tube. Adjacent to the cathode
is a frame-type control grid. Be-
tween the control grid and anode
are three separate slotted electrodes.
There are the focus electrode, the
accelerator (screen grid) and the
suppressor beam plates. The beam
focusing design eliminates lateral
wire alignment between control and
screen grids thus this design has
only one wound grid. To obtain high
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transconductance and low noise, a
uniform accelerating field is pre-
sented to the cathode over a wide
area. Figure 2 also shows a field
plot of the structure and indicated
the field configuration that main-
tains the low accelerator current es-
sential for low noise figure.

The DT-805H compares in per-
formance with a cascode-connected
6BQ7A and has a noise figure su-
perior to r-f pentodes. The tube can
handle an interfering signal level of
over 350 mv at any bias while a
recently introduced vhf frame grid
triode (6ER5) can be used with no
higher than about 100 mv interfer-
ing signal, both for 1-percent cross
modulation.

Continuing efforts to simplify tv
receiver design to obtain greater
picture contrast has steadily in-
creased the burden of the video am-
plifier. Reducing the number of i-f
stages makes the tuner, remaining
i-f stages and video amplifier make
up the loss of gain. The introduc-
tion of strap frame grid i-f am-
plifier tubes such as the 6EJ7 and
6EHT permits a substantial increase
in gain per stage. However, this
may not be sufficient to compensate
for the elimination of one stage in
a three i-f stage receiver. Some loss
can be made up by narrowing the
bandpass of the remaining i-f am-
plifiers or by operating the tubes
near their maximum ratings. To im-
prove the gain of a conventional
video amplifier, the plate load can be
increased to the point of losing the
higher video frequencies, or a
higher plate current tube with an
increase in plate and screen supply
voltages can be used.

To meet these objectives, Sylva-
nia has developed a strap frame
grid triode-pentode video amplifier
that permits removal of one i-f
stage, due to its high output with
relatively low input.* The SR-2926,
the new video amplifier, has a high
../ma ratio and a low knee voltage
that results in less voltage drop at
peak signal. This permits higher
output at lower plate and screen
dissipations and the high efficiency
in that less screen voltage is needed
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with GAWS plate family curves.
SR2926 transfer characteristic (B)

to produce a greater plate voltage
swing.

The family of curves shown in
Fig. 3A shows a typical video am-
plifier 6AW8 compared with the
new SR-2926.

The transfer curve for this tube
is shown in Fig. 3B. It combines
a broad linear operating range with
a sharp cutoff characteristic. This
is important in video to prevent
sync compression in the cutoff
region. Saturation of the curve near
maximum current is due to the
plate load resistor. This can be cor-
rected by decreasing the screen
voltage, which would lower the zero
bias plate current to where the plate
load intercepts at the knee.
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Electromc components of the Tung-Sol EI-IV electronic ignition system
congists of two separate units. Thyratron and cold cathode rectifier are
mounted on the main unit; transistor and heat sink are separated to avoid

effect of engine heat

By HALSEY P. QUINN,

Chatham Electronics Div., Tung-Sol Electric, Inc., Livingston, N. J.

ELECTRONIC IGNITION systems
should, ideally, be compatible with
standard distributors, spark plugs,
breaker points and battery supply.
In addition, an electronic system
must provide substantial operating
advantages over conventional sys-
tems. For example, with a properly
designed system, there should be no
reason to change spark plugs,
breaker points or adjust engine
timing for the life of the vehicle.
To meet these requirements, a prac-
tical electronic ignition system
using a thyratron, cold-cathode reec-
tifier and a transistor has been de-
veloped. It operates from a standard
automotive battery without addi-
tional power supplies.

The system is characterized by
three major differences over the
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conventional ignition system: first,
breaker points carry only a control
current. This is so low, less than
10 percent of conventional breaker
current, that burning, pitting and
erosion appear to have been en-
tirely eliminated. It is possible to
use smaller gaps and to reduce the
effect of contact bounce at high en-
gine speeds. Second, a steep wave-
front obtained from a capacitor dis-
charge is supplied to the spark plug.
Breakdown voltage is reached in 1
to 2 usec as compared to 70 psec in
the conventional system. As a re-
sult, no matter how badly a plug
may be fouled, the steep wave-front
causes effective firing each time.
This sharp rise prevents changes
in timing that could reduce engine
performance at high engine rpm.

Gas Tubes and a

Practical electromic
ignition system

has features which improve
engine performance

over conventional systems.
Makes new high-speed
engine design possible

Finally, the entire circuit incor-
porates short time constants so that
there is negligible reduction in fir-
ing voltage at the maximum speed
of existing spark-ignition engines.

In the circuit of the electronic
system, Fig. 1, the high voltage
lead to the distributor is at the
right. When the cold-cathode thyra-
tron V. is fired, capacitor C, dis-
charges through the spark coil T,
to the plugs. Since this capacitor is
normally charged to a value be-
tween 1.5 and 1.8 Kv, the turns
ratio of the coil and hence the im-
pedance of the discharge circuit as
seen from the plug are quite low,
thus permitting a 1 to 2 micro-
second peak on the firing pulse.
The thyratron is triggered to fire
on the opening of the breaker
points; this action also initiates the
sequence that restores the charge
on capacitor C, for the next firing
cycle.

The points close for the first time
when the engine is cranked for
starting. Since there is no charge
on the firing capacitor initially, the
first plug will not fire. However,
this is the extent of the delay or
warm-up required. This first clos-
ing does cause transister Q, to con-
duct and the control clirrent flows
through limiting resistor R, to' the
base. The charging current, which

electronics



Transistor for Electronic Ignition
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FIG. 1—Thyratron V. discharges capacitor C, through spark coil T. to provide ignition spark

2
is roughlv ten times the control
current, then flows through R, and
R,. as well as the primary of trans-
formér T, and the transistor. This
current builds up magnetic flux in
the transformer and maintains that
level until the next firing cycle.
After a dwell period equal to that
in conventional ignition, the points
open, the transistor becomes non-
conducting, and the magnetic field
of the transformer collapses. This
raises the voltage on the trans-
former secondary and the anode of
gas diode’ V, until the latter starts
conducting, thereby charging fir-
ing capacitor C,. The next closing
of the points re-establishes the tran-
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sistor current in the transformer
primary.

When the points open again, the
transistor stops 'conducting. Ces-
sation of primary current causes
the magnetic field to collapse, pro-
ducing a fhigh voltage spike on the
s’econdary of both the main power
tran'sfqi'mer T, and the small trig-
ger transformer‘T:. The voltage on
T. cduses' thyratron V, to fire and
discharge capacitor C, through the
coil into the spark plug in about 3
usec. The resulting reduction of
voltage''on the cathode of rectifier
v, caln§e§ this tube to conduct and
chalfge :the capacitor, The buildup
of voltage on the capacitor is suffi-
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FIG. 2—Laboratory tests gsimulating running conditions of conventional
and electronic systems show difference in acceleration time (A) and com-
parison of voltage fall-off ot high engine speeds (B)
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ciently slow to permit the thyratron
to deionize fully before the anode
potential becomes positive. This
cvele is repeated at each opening
and closing of the breaker points.

The remaining components pro-
vide limiting and protective func-
tions, Resistor R, limits the control
current. Resistors R, and R. to-
gether prevent an undesirable volt-
age distribution on the transistor
and establish the proper charging
current in the transformer pri-
mary. Diode D, limits the surge
voltage of the transformer after
the points open, so as to protect
the transistor. Diode D, prevents
the thyratron from conducting dur-

Electronic ignition systems have becn
taliced about since 1945. But a really
practical device could not be developed
because vacuum tubes would not stand
the environmental conditions to which
this equipment is subject. Power tran-
sigtors in high enough ratings were
not available until a few years ago, so
that even semiconductors did not per-
mit development of a practical ignition
system until recently. Tung-Sol’s sys-
tem will be available commercially in
the spring of 1962
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f a conventional V< engine equipped with both electronic and conventional

ignition systems show the difference in gas consumiption (A), horsepower (B), exhaust analysis (C) and misfires «t

full throttle (D)

ing the charging portion of the ig-
nition cycle. Diode D. provides
emitter bias to the transistor to
limit leakage current at high tem-
perature. With this bias the tran-
sistor will provide satisfactory op-
eration up to its maximum junction
temperature rating of 212 F.

During cranking the battery is
connected to the START terminal
(Fig. 1) by means of the ignition
switch or relay. This permits full
firing voltage to be applied to the
plugs even if battery voltage should
drop to 6-v because of starter drain.
As a result, the system has excel-
lent cold weather starting charac-
teristics because of the high voltage
maintained by means of the start-
ing tap. Also, the points carry only
control current and do not ‘“blue”
as a result of long dwell time on
cranking.

In laboratory tests an electronic
ignition was operated through more
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than 250,000 miles of equivalent
driving without trouble. By com-
parison, a standard system showed
a series of failures up to 165,000
miles, at which point it failed com-
pletely. Perhaps most significant
is the comparison of operation
under fouling conditions, shown by
an acceleration test in Fig. 2A, and
the fall-off in voltage with engine
speed, shown in Fig. 2B.
Dynamometer tests with a stand-
ard V8 engine show fuel consump-
tion vs engine speed, Fig. 3A, while
Fig. 3B shows improvement in
brake horsepower delivered to the
dynamometer. The tests, indicate
that electronic ignition can convert
up to 6 percent more of the energy
available in the fuel to mechanical
energy. Consequently, there are
less unburned hydrocarbons in the
exhaust gases, Fig. 3C. It is rea-
sonable to expect that up to 25 per-
cent more brake horsepower can

be obtained from the electronic sys-
tem with fouled plugs, for equiva-
lent speed and fuel consumption
conditions. Fig. 3D shows the per-
centage of misfires at full throttle
for the two systems using fouled
plugs. With new plugs, the elec-
tronic system had fewer misfires.

On one test run with two similar
trucks, gasoline mileage increased
more than 20 percent with the elec-
tronic system during 30,000 miles
of operation.

When installed on a 2-cycle out-
board motorboat engine that was
particularly susceptible to trouble
with fouled plugs, the electronic
ignition system operated with plugs
that could not be fired at all by
conventional ignition.

Credit is due to W. Buchanan, E.
Howland, J. Kuykendahl, R. Schell-
horn and M. Yarmovsky for con-
tributions to circuit and tube de-
sign.
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MEDICAL ELECTRONICS
Part VI: Observing Life Processes

Improvements in microscopic examination of lLiving matter

through use of closed-circuit television and electronic measuring, scanning,

analyzing and computer techniques

By WILLIAM E. BUSHOR

Senior Associate Editor

MOST SIGNIFICANT contribution elec-
tronics is making to medicine may
be in experimentation and research.
This article will discuss the elec-
tronic laboratory tools and tech-
niques being used to microscopi-
cally probe and study our biggest
enigma—the life process itself.

Optical-tv  Microscopy—Visualiza-
tion of a biological specimen con-
taining particles of microscopic
proportions has required the devel-
opment of image amplifving sys-
tems. The optical microscope
together with an optical micropro-
jection arrangement has long been
used for this. However, the intense
light required for illumination
often heats the specimen too
much. This problem is overcome
using closed-circuit tv coupled to
the microscope, and the added ad-
vantage is given of permitting an
unlimited number of pathologists,
biologists, researchers and the like
to examine the enlarged view of the
specimen simultaneously and at re-
mote locations, if necessary. Also.
it has been found particularly ad-
vantageous to use such systems in
observing living organisms, espe-
cially with the phase contrast tech-
nique wherein objects that differ in
optical path are made visible.
Practical examples are two inte-
grated optical microscope-tv sys-
tems recently made available by
Elgeet Optical Co. that can pro-
duce magnifications up to the lower
limits of low-priced electron micro-
scopes. The tv cameras used are
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single, self-contained units whose
video signals are routed to a tv
monitor, usually with a 17-inch
screen. One svstem, using Sylvania
Electric Products’ electronic units.
gives magnifications up to 2,500x
with 300-line resolution. The other,
using Allen B. DuMont Labs’ units,
gives magnifications up to 3,500 x
with 600-line resolution.

Development of cathode-ray tubes
with fiber-optic faceplates by a
number of companies may eventu-
ally enhance characteristics of the
tv monitors. When the electron
beam excites the phosphor on the
back of the faceplate, the resulting
light is conducted to the front by
millions of optical fibers that are
made of some form of dielectric ma-

Electron microscopes like this RCA unit give researchers a powerful tool
for visualization of particles as small as 1/20,000,000 inch




Micrographs made with RCA’s electronic microscope. Left to right: bacteria, human collagen, snail sperm, tobacco

terial. Advantages of these tubes
to the microscopist are that paral-
lax is eliminated, light transmission
efficiency is increased and brighter
or more magnified images can be
obtained by using tapered fibers.
Cost is expected to inhibit their use
in the immediate future.

Electron Microscopy—This tech-
nique provides 200 times the re-
solving power of compound light
microscopes because the effective
wavelength of the electron beam is
only 1/100,000 that of visible light.
This shorter wavelength permits
objects such as viruses to be viewed
in detail which are hidden by dif-
fraction of light in optical instru-
ments. Unfortunately, the full reso-
lution theoretically possible with
electron beams cannot be realized
because electron lenses are much
inferior to optical lenses. Theoreti-
cal and experimental resolution
limit is still 8 to 10 Angstroms de-
spite 0.05 Angstrom wavelength of
an electron beam.’

There are two general types of
electron microscopes: those requir-
ing the viewed object to emit the
" electrons and those that generate
the electron beam themselves. Since
the former have little or no medi-
cal applications, only the latter
types will be discussed here.

Illumination in electron micro-
scopes is provided by an electron
beam focused with an electron lens
to irradiate a thinly sliced speci-
men. Since absorption of electrons
is proportional to the density at any
given point, the concentration pat-
tern of electrons passing through
forms a shadow-like image of the
specimen’s structure. After being
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magnified thousands of times by
another electron lens, the electron
image impinges on a luminescent
screen or photographic film, de-
pending on whether immediate
viewing or a permanent record is
desired. Most electron microscopes
use magnetic focusing lenses.
Although functionally an almost
exact counterpart of optical micro-
scopes, electron microscopes are
physically dissimilar. They must
operate in a vacuum and generate
high accelerating potentials. Also,
good electronic images can be ob-
tained only if specimens have suffi-
cient atomic density contrast. How-
ever, just as with optical systems,
three-dimensional images can be
obtained using stereoscopic viewing
or metal-shadowing techniques.
Electron microscopes require tissue
preparation techniques different
and more exacting than those used
with optical instruments. New ma-
terials and section-cutting ma-
chines (microtomes) are required.
Research into the causes of rheu-
matism and arthritis has prompted
the development of an electron mi-
croscope that can magnify an im-
age 150,000 times. The instrument
is being used at St. Thomas’ Hos-
pital Medical School in London. A
cell measuring only one-thousandth
of an inch can be blown up to a
15-inch diameter, thus permitting
study of the structural detail of
cartilage cells. Ordinary compound
microscopes previously used had
only a 1,000 magnification factor.
Main problem the researchers are
having is interpreting the image.
This is because ordinary micro-
scopes show hundreds of cells in the
same field, while the electron mi-

croscope shows only a portion of a
cell thereby leading to difficulty in
identifying the cell itself.

Electron magnifications ranging
from 2,000 x to 30,000 x have been
obtained by Hitachi of Japan
through use of a three-stage perma-
nent-magnet lens system. Report-
edly, resolving power extends down
to 15 Angstroms. By using a per-
manent-magnet as the lens exciting
source, no hysteresis effect is pro-
duced by opening and closing the
50-Kv power circuit as would be the
case with electromagnetic lens ex-
citors. Objective and projection
lenses are single-gap devices while
the condenser and intermediate
lenses are double-gap devices.

A major disadvantage of electron
microscopes is that the high vac-
uum required oxygen-starves and
dehydrates the specimen. By the
time the slide can be viewed, what
was initially living matter has
died and even changed its physical
form.

Living bacteria have been photo-
graphed, however, at the National
Center for Scientific Research in
France using a 1.5-million-volt elec-
tron microscope to provide magnifi-
cations up to 25,000 x. Biological
specimen is held in a hollow con-
tainer 0.1 cu mm in volume and
exposed to normal atmosphere. The
scanning beam, admitted through
0.1-micron thick windows, is
boosted to nearly the speed of light
by 750 to 1,000-Kv acceleration
voltages. After exposure in the
microscope, the bacteria in the cul-
tures have reproduced.

Field ion microscopes, which have
recently come into existence, pro-
duce ion beams with significantly
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plant virus, mouse cancer virus and diatom (algae) fragments. Specimens were only 1/500,000 of an inch thicl

shorter wavelengths than do the
electron beams in the electron mi-
croscopes. The advantage in resolu-
tion thus obtained has been used to
photograph an individual atom on a
metallic surface. However, investi-
gation revealed no applications of
this instrument to medical or bio-
logical research.

X-Ray Microscopy—Through inter-
national agreement, techniques for
enlarging images using x-rays has
been called x-ray microscopy : these
include contact microradiography
projection microradiography and
x-ray microscopy by total reflection.
Although only the last is a truly
microscope-type instrument, the

others are of importance as re-
search tools.
In contact microradiography

(also called historadiography) the
specimen is brought into contact
with a fine-grained photographic
film during exposure to x-rays. Be-
cause of this intimate pairing, the
radiogram is the same size as the
specimen, thus enlargement is
necessary using a light microscope.*
Optimum resolution obtainable with
this technique is limited by the fine-
ness of the photographic film. The
geometrical blurring caused by
short depth of focus can be con-
trolled through use of thin emul-
sions and specimens.

A new kind of x-ray film devel-
oped by researchers at Stanford U.
has enhanced microradiography by
giving four times sharper images
than previously obtainable. This fa-
cility should give scientists a look at
the nucleus of a cell. Used with an
electron microscope, magnifications
of 40,000 diameters can be obtained
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because the film resolves details to
less than 600 Angstroms where best
previous resolution was 2,000 Ang-
stroms. The film is made by casting
1/250,000-inch thick layer of nitro-
cellose mixed with a silver com-
pound into a glass surface.

In projection microradiography
(also called projection x-ray micro-
scopy, geometric x-ray microscopy
and x-ray shadow microscopy) the
image is preenlarged by displacing
the film with respect to the speci-
men. Thus, the divergent angle of
the x-ray beam originating from a
small focal point geometrically
magnifies the specimen’s shadow
image. This approach is limited by
geometrical blurring caused by the
requirement for an ultrafine focal
spot. With electron lenses (usually
electromagnetic) to focus the x-ray
beam, considerable reduction in
focal spot size (and thus increased
resolution) is obtained. Electro-
static lens systems are being experi-
mented with but do not give high
enough resolution. Although photo-
graphic enlargement is possible, the
10 to 100 times magnification ob-
tained usually makes this unneces-
sary. Since depth of focus is larger,
thicker specimens can be used than
with contact microradiography.

A projection microradiograph
for cancer tissue studies has been
developed by the Central Organi-
zation for Applied Research in the
Netherlands. This instrument pro-
vides binocular viewing either of
the specimen or of its fluorescent
image. Also, four types of target
materials are used that can be
interchanged during operation.

In x-ray microscopy by total re-
flection the image is formed as

with the light microscope. Because
lens systems for x-rayvs are not
practically feasible, the beam is
bent by reflection from curved mir-
ors or by refraction from crystal
surfaces. Resolving power depends
on the wavelength of x-rays. Ad-
vantage of this instrument is that
it can be used backwards to
produce a narrow beam of high
intensity for microdifiraction or
microfluorometric studies. Unfortu-
nately, the x-ray mirrors used in a
laboratory model of a reflection sys-
tem were found difficult to manu-
facture and adjust.® Lack of suita-
ble refractive material has held
back development of this system.

The Russians recently reported
that their Machine Building Insti-
tute has constructed an x-ray
microscope with a magnifying
power of 2,000 diameters. No fur-
ther details were available.

Ultrasonic Absorption Microscope
—An ultrasonic absorption micro-
scope that produces high-resolution
images for investigating the micro-
structure of biological systems has
been evolved at the U. of Illinois’
Using light or electron microscopes,
many structural components of
biological materials may not be de-
tected at all; however, if these
substances have different acoustic
absorption coefficients, ultrasonic
microscopes will differentiate be-
tween them. Because some different
types of protein molecules at equal
concentrations absorb sound at
different rates, this instrument
should be useful in determining
spatial distributions in and identi-
fying types of protein in tissue.
Rectangular, 0.1-second pulses of
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12-Mc sound generated by a piezo-
electrical crystal are used to irradi-
ate the specimen, which is imbedded
in a liquid having the same acousti-
cal impedance. This ultrasonic
energy is partially absorbed by the
specimen, the remainder passes
through it exciting an iron-Con-
stantin  junction thermoelectric
probe behind and adjacent to the
region being investigated.

The electrical output of the
probe is fed through a d-c amplifier
to the vertical deflection plates of a
crt. Thus, beam deflection magni-
tude is a measure of the relative
amount of acoustic energy detected
by the probe. Deflection changes
resulting from moving the specimen
toward and away from the sound
source are recorded and then plot-
ted to give a picture of the disturb-
ance to the sound field distribution
caused by the specimen.

Ultraviolet Microscopy—If an ultra-
violet source is used for illumina-
tion, previously unsuspected differ-
ences in the chemical and optical
properties of specimens are some-
times revealed. Photomicrographs
made with ultraviolet light have
greater contrast than those made
with white light, resolution being
greater because of shorter wave
lengths involved. Also, use of uv
eliminates the staining technique,
which alter the specimen chemi-
cally and mechanically. This is
often necessary with visible light
microscopes to achieve sufficient
contrast.

Living preparations, when ob-
served against a dark field, reveal
little scattering of light. Thus, uv
microscopes inherently are subject
to less error than light microscopes.
Most important contribution of uv
microscopy in this area has been
the localization of nucleic acids.

Extensive use of uv microscopy
has been hindered because: lenses
are not apochromatic (that is, the
image plane shifts with changes in
wavelength), transmission through
refractive elements is function of
wavelength and uv light sources
are not satisfactory for obtaining
arc, flicker and like outputs. Fur-
thermore, the uv image cannot be
viewed directly with the eye; uv-
sensitized photographic film, fluo-
rescent phosphors, image convert-
ers and photocathode storage tubes
are used as conversion mediums.®
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Experimenters at the department
of human anatomy of England’s
Oxford U. have used a uv micro-
scope for directly observing the
fundamental processes in living
cells. The system uses a uv-sensi-
tive vidicon tube, developed by EMI
Electronies, which is fitted to the
camera of a closed-circuit tv sys-
tem. Various living cell prepara-
tions have been examined, includ-
ing free swimming chromosomes
and live sperms of mice and frogs.

A technique that has shown great
promise for revealing microscopic
structures in the living state is the
uv color-translating tv microscope.
This is a process that produces
three separate visible images by
successively illuminating the speci-
men with three different wave-
lengths. Color presentation indi-
cates absorption differences not
detectable on gray-scale black and
white pictures except with a densi-
tometer. When picked up on a tv
camera, three sequential signals are
generated, one for each uv wave-
length. By synchronizing the se-
quenced signals with the color tv
monitor and superimposing the im-
ages, a color display can be pro-
duced that corresponds to the uv
absorption spectrum.®

This technique is being used in
a uv color translating tv microscope
built by the Rockefeller Institute
for Medical Research from equip-
ment donated by RCA.” It has been
used to examine protoplasmic inclu-
sions in streaming protoplasm (as
in moving amoebae or cyclocis in
plant cells), to localize colorless or-
ganic compounds like vitamin A
and acriflavin which are otherwise
difficult to observe, and to study uv
radiation damage.

Another color translating system
built by Avco’s Research and Ad-
vanced Development division uses
three grating monochromators,
each with its own uv source, which
can be set to a preselected wave-
length over a range of 2,400 to 6,200
Angstroms.” A pair of rotating
mirrors are used to sequentially il-
luminate the specimen at each of
the three different wavelengths.
The uv absorption images pass
through the microscope optics and
then are separated in space by a
second pair of rotating mirrors.
Three tv cameras receive the uv
images. The uv vidicon tube in
each camera is associated with a

primary color that is different than
that assigned the other two. By
presenting a composite picture on a
15-inch tricolor monitor, differences
in spectrum transmission indieat-
ing differences in chemical compo-
sition of cellular components can
be determined by observing varia-
tions in hue of the tv image.

Infrared Microscopy—Infrared ra-
diation penetrates through some
organic tissues better than visible
light. Differences between cancer
and normal cells in thick specimens,
which cannot be distinguished with
ordinary microscopes, can be ob-
served with ir microscopes. Be-
cause no directly visible images are
obtained, photomicrography must
be used. This instrument is well
suited for analysis of minute sam-
ples of drugs, perfumes, tissues,
cells, blood and muscle fiber.

The instrument consists of an ir
monochromator which concentrates
ir energy through a slit and optical
lenses onto the specimen. An opti-
cal system magnifies the image of
the specimen up to 200 times and
focuses it on a detector. To avoid
chromatic aberration, reflective op-
tics are used throughout.®

An infrared microscope capable
of distinguishing between normal
and cancerous cells and revealing
internal structure of bone tissue
and details of the eye’s iris has
been developed by Nippon Electric
Co. in collaboration with the U. of
Tokyo. The instrument is sensitive
to radiation over a range of 4,000
to 13,000 Angstroms and will mag-
nify an ir image 1,080 times.

The system consists of an optical
microscope, an optical system that
includes an image converter tube
and a light source with an infrared
filter, and a 16-Kv d-c power supply.
Object to be viewed is illuminated
with an ir beam from the source-
filter combination. An objective
lens focuses the magnified ir image
on the photoelectric surface of the
image tube. Electrons emitted are
accelerated and focused by high-
voltage electrodes to produce a visi-
ble image on a phosphorescent
screen. The image can be photo-
graphed or coupled to a closed-
circuit tv system for remote view-
ing. This instrument will probably
be most useful in studies connected
with dermatology, ophthalmology,
cytology and pathology.
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Scanning  Microscopy—Tv-micro-
scope systems use conventional
scanning principles to convert the
image on the target in the camera
tube into electrical signals. The ad-
vantage of this approach is that in-
visible ir and uv images can be con-
verted to a bright visible picture of
practically any size if a camera
pickup tube with appropriate sensi-
tivity is used. Unfortunately, the
object being viewed is continuously
exposed to illumination, a situation
that could have detrimental effects
on the specimen (particularly liv-
ing cultures).

There is a similarity betiween all
scanning systems. The object area
is svstematically examined by an
element of area that is small by
comparison. Light flux is converted
into an electrical signal whose am-
plitude is proportional to the light
received and whose duration is pro-
portional to size of the object. The
size of the scanning element deter-
mines the working resolution.” A
high degree of conservation of light
energy required for examination of
living material with minimum ex-
posure is offered by the time-lapse
and flying-spot scanning systems.

To study the progress of reac-
tions in living cells, the National
Institutes of Health and RCA have
developed a uv time-lapse tv scan-
ning system that measures the ab-
sorption products in the cell.” Since
visualization and recording of ab-
sorption images can be done with
1/100-second exposures. cell injury
from uv radiation is minimized.

A microscope with reflecting op-
tics and illuminated by a xenon arc
and quartz prism monochromator is
used. A uv-sensitive vidicon is the
image storing device. An auto-
matic light shutter opens for 10
milliseconds exposing the target of
a vidicon, whose electron beam has
been blanked, to the uv light trans-
mitted by the cell. When the shut-
ter closes, the vidicon grid is un-
blanked and the stored image
signal scanned and transmitted to a
tv monitor, which displays one full
frame in 33 milliseconds. It goes
also to a line-selecting oscilloscope,
which displavs a single raster line
derived from the vidicon scan sig-
nal and oriented vertically to tra-
verse any portion of the uv-absorp-
tion image. A motion-picture
camera photographs time-lapse se-
quences appearing on the monitor
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Section of « frog’s leg shown on a 17-inch monitor by combination of
Elgeet’s optical microscope und Dublont’s closed-circuit tv

Direct ohservation of processes in living cells is possible with closed-circuit
tv system using EMI Electronics’ uv-sensitive vidicon camera tube




and oscilloscope screens. Special
circuits synchronize the system
with the tv vertical drive pulse.

Flying-spot uv scanning systems
that spot-irradiate the specimen
offer the highest efficiency of all uv
microscopy approaches while re-
quiring relatively simple circuits to
obtain absorption measurements.
The efficiency comes from the use
of multiplier phototubes instead of
photographic emulsions which need
more dosage of the specimen to ob-
tain a comparable image.

A flying-spot uv microscope has
been developed at the U. of Texas

Southwestern Medical School to
study living cells.** The light
source is an uv-emitting flying-

spot scanner having a 250-line ras-
ter that can be operated from a
one-sweep-in-ten-second to one-
sweep-in-1/20-second rate. By
switching the raster on and off for
any integral number of frames fol-
lowing any predetermined number
of sweeps, intermittent irradiation
studies can be made. Minification
of the raster’s image is achieved by
sending it in reverse through the
optical components of a reflecting
microscope in which the specimen
is mouhted. Unabsorbed energy
transmitted by the specimen strikes
the photocathode surface of a uv-
sensitive  multiplier  phototube.
When amplified, the current gen-
erated by the multiplier phototube
modulates a monitor tube syn-
chronized with the uv flving-spot
scanner. The black and white uv
picture on the monitor represents
primarily the nucleic acid absorp-
tion image of the living protoplasm.
Through a beam splitter and a vis-
ible light scanner tube, the same
area of the specimen can be viewed
simultaneously in visible and uv
light side-by-side on the monitor
screen. Time-lapse motion-picture
photography records the images.
Lack of wavelength control and
spectral resolution are eharacter-
istic of uv scanning tubes. To over-
come these disadvantages while
retaining the merits of the flying-
spot scanning technique, the Insti-
tute for Cancer Research in Phila-
delphia began working several
vears ago to develop a mechanical
raster generator to be used with a
conventional arc lamp and mono-
chromator light source.”” Late last
month the project was completed.
A d-c xenon arc is the light source
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and a vibrating mirror moving on
two axes simultaneously is the fly-
ing-spot scanner. Thus, the diffi-
culties of electronic scanning—too
wide a spectral bandwidth and too
low a light intensity—have been
eliminated. A small iris-like dia-
phragm in the single-prismed mono-
chromator is the exit port for the
uv beam that is focused on the
specimen by achromatic optics and
the sinusoidally deflecting mirror.
A multiplier phototube detects the
signals which are then amplified
and sent to a tv monitor where an
absorption image of the specimen
is shown.

Cell Counters—Counting of red and
white blood cells is commonly re-
quired for routine hospital admis-
sions, diagnostic determinations
and research studies. Electronics
has made counting faster, easier
and more accurate than manual
methods. Also, the number of cells
sampled is 50 or more times the
amount used with manual count
techniques, thus variations in count
from random distribution of cells
is markedly reduced. Inaccuracies
caused by operator fatigue are
eliminated and counts on a single
specimen have been made practical.

By combining signal processing
techniques with tv, quantative
measurements as well as counting

and measuring of particles can be
accomplished. Automatic. instan-
taneous totalizing of particles can
be done with a particle counter
conceived by Bell Telephone Manu-
facturing Co. of Antwerp (an ITT
associate). This instrument per-
mits investigators to count bacterial
colonies, and red and white blood
cells and platets.

The instrument uses a closed-
circuit tv system (composed of a tv
camera and control unit), a moni-
tor, synchronizing generator, an op-
tical microscope and an impulse
counter. The image of the specimen
slide appearing in the optical micro-
scope is projected on the photocath-
ode of the tv camera. This video
signal is then fed to the monitor
that displays the slide on its screen.
By applying an additional slower
raster signal to the monitor, a
series of black lines appear on the
screen. When any of these lines
intersect a particle, an electrical
pulse actuates the counter. The op-
tical image from the microscope
is enlarged until the diameter of
the particle is equal to the distance
between two successive lines.

Conversion equipment permits
the use of uv light, but the loss in
resolving power is about 1,000 to
1,500 Angstroms. Certain bacterial
cultures which contain chlorophyl
are spontaneously fluorescent when

AIL's Cytoanalyzer is a combination microscope and computer capable of
sensing sizes and absorption of cell nuclei (Medical Tribune Photo—
Esther Bubley)
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radiated with uv.

Sanborn Co. offers an optical-
electronic white and red blood cell
counter as a compact bench top
unit.* The diluted sample is placed
in a reservoir, the operating lever
depressed and within six seconds
(and for a 15-second period there-
after while sample flows through)
the number of blood cells in a cubic
millimeter of sample is continu-
ously indicated on panel meter.

Use of a dark field optical sys-
tem through which only the sam-
pled solution moves insures that
particles suspended are the only
source from which electrical signals
can be derived. Direct measurement
of concentration is based on sens-
ing flows through an inspection
chamber. These are observed by a
multiplier phototube. The dilution
factor of the blood is such that
cells are present in the inspection
zone singly and only occasionally.
An electrical signal is produced by
the multiplier phototube for the
exact duration of each cell’s pres-
ence. Percent of time cells are pres-
ent in the inspection volume is
directly proportional to cell concen-
tration. Thus, results are not af-
fected by rate of flow, or cell type,
size or morphology.

Blood cells can also be counted
at high speeds and great accuracies
for pathological purposes using the
Evans Blood Cell Counter recently
marketed by Racal Instrument of
England. Principle of hydro blood
cell propulsion permits count of
white or red blood cells to be made.
The quantity is read out on digi-
tal counters in millions of cells in
a cubic centimeter.

Cell Analyzers—The Cytoanalyzer,
developed by Airborne Instruments

Laboratory under the support of
the American Cancer Society and
NIH, uses computer techniques to
automatically read microscope
slides of smears prepared from cells
of body secretions to determine
presence or absence of abnormal
cells among the large population of
normal cells.”® Thus, obviously nor-
mal specimens are eliminated leav-
ing only the suspicious ones for the
physician to examine further. This
instrument is especially useful in
automatically prescreening a mass
of women for cancer of the cervix
—the most prevalent form of can-
cer and one which can be controlled
if detected at an early stage.

The smear image presented by
an optical microscope is converted
into an electrical signal by a Nip-
kow disk microscanner. As the en-
tire nucleus of each particle is
scanned, a series of video pulses is
produced. The duration of each
pulse is proportional to the length
of the nucleus chord and the ampli-
tude of the absorption. These quan-
tities are measured and stored by
analog circuits in a cell measurer
that sorts the cells according to
their area by summing all the chord
measurements associated with the
same nucleus. The absorption data
are used to reject chords with high
absorption values not characteristic
of true cells. An association unit
with a magnetic-core shift register
informs the cell measurer which
chords belong with a single nucleus
by using the time coincidence be-
tween the stored and incoming
chords. Selection circuits deter-
mine whether or not the particles
satisfy established cytological rules
for acceptance as cell nuclei. Ac-
cepted particles are classified into
categories by a cell sorter according

to area and absorption values. To-
talizers then count the number of
particles falling into each category.
The percentage of abnormal counts
after 10,000 normal counts have
been made is the criterion for label-
ing a smear normal or abnormal.
Cancer cells from the vagina and
cervix of a woman have larger and
more deeply stained nuclei, and
also a smaller cytoplasm/nuclear
ratio.

Another cytotological analyzer
using computer techniques is the
new automatic blood cell scanner,
Cellscan, developed by Perkin-
Elmer Co. and the U. of Rochester
Medical School.* This instrument
uses digital pattern recognition
techniques to determine incidence
of rare cell types thus aiding in
identifying small exposures to ion-
izing radiation.

The system differentiates be-
tween classes of white cells by
counting and sizing each cell’s nu-
cleus and granules. A tv micro-
scanner produces a binary-coded
video image—a digital ONE being
generated when a white cell nucleus
appears in the field of view, a ZERO
for all other areas of view. These
binary outputs are stored in a com-
puter that makes several sequential
passes through the image data un-
til each group of ONE’s is shrunk
to an isolated ONE. The number of
passes required to do this is pro-
portional to the minimum chord of
the original group. By counting the
number of ONE’s in the memory
after each pass, an image histo-
gram is completed. This informa-
tion is then converted into a plot
of the total number of groups of
ONE's in the original image that fall
into each of several maximum
chord ranges.
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Warning system detects and reports on avalanches in areas like this que near Glacier, British Columbie, Canada

Hybrid Telemeter Detects Avalanches

System transmits tone-modulated signals to central station when wire is tripped.

Frequency of modulating tone identifies station transmitting alarm

By G. NEAL
S. A. STONE

Natonal Research Council,
Ottawa, Canada

THIS WARNING SYSTEM detects the
occurrence of an avalanche and
transmits the information to a cen-
tral location. The transmitted in-
formation is used to alert snow re-
moval or rescue personnel.

An avalanche detecting unit is
installed at a slide path in Glacier
National Park, B. C. and two more
provide service along the Trans-
Canada Highway.

The system consists of a tone-
modulated radio transmitter located
safely to one side of the avalanche
path, and a receiver and recording
instrument at the road maintenance
camp to decode and display the sig-
nal from the transmitter. A test
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transmission, initiated by daylight
falling on a sun switch, is sent each
day to ensure that the equipment is
ready.

Various types of sensors, includ-
ing a light beam shining on a photo-
cell and a pressure transducer
mounted on the ground in the cen-
ter of the avalanche path, were in-
vestigated.

TRANS AND }
MODULATOR INVERTER
[
PHOTOCELL
_-I_‘ —12V
CONTROL fa—

(A)

TRIP WIRE

These were rejected and the trip-
wire was chosen. The trip wire con-
sists of a pair of wires joined at
the far end to form a closed circuit.
An avalanche breaks the loop
(Fig. 1A) to activate the trans-
mitter.

Each transmitter is tone-modu-
lated by a different frequency from
600 cps to 4,600 cps. Ten avalanche

IN270 150
———
T0
LOAD
16 CIPEL 10 VO-2
ADS524 NiCp
CELLS CELLS
IN SERIES IN SERIES

L (8) L

FIG. 1—Twelve-volt supply in transmitter (A) is from battery pack (B)
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PHOTOCELL
TEST

+12V 1572

AVALANCHE  OPERATE
TEST

S2

T0
CONVERTER

FIG. 2—Control circuit turns converter, transmitter and modulator off and on through relay contacts

paths can be monitored by each re-
ceiver.

The avalanche transmitter and
modulator operates on 1,680 Kc and
is all transistor, except for the final
r-f stage, and delivers about 15 w
into a A/4 bent-top antenna strung
between trees.

Power for the final stage is sup-
plied from a transistor converter
that changes 12 v d-¢ into 410 v d-c,
while the rest of the system works
directly from the battery.

The battery (Fig. 1B) must de-
liver up to 8.5 amp for about 40
sec once a day for the test signal
and the same current for about 13
minutes in case of an avalanche. It
must operate in a temperature
range of =30 C and self discharg-
ing must be kept to a minimum.

The 4 amp-hr N,C, battery sup-
plies low-duty-cycle high current
and is trickle charged with primary
cells. A single set of these batteries
can provide up to seven months con-
tinuous operation.

The modulator uses a common-
base feedback oscillator with a
ferrite-core transformer. Two com-
mon-collector stages provide isola-
tion and power gain. A 2N250
stage then drives a pair of 2N173’s
in push-pull to provide the plate-
screen modulation of a 1625 tube in
the final r-f stage,
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Total current drawn by the
modulator is metered. In addition,
a portion of the oscillator output is
rectificd and metered to check per-
formance.

The converter and the transmit-
ter are built on a single chassis.
A 2N274 crystal oscillator and
2N1046 buffer drive the 1625 tube.
Metering of battery voltage, final
current, final voltage and grid cur-
rent provides for circuit adjust-
ment at the avalanche site.

The recciving system consists of
a crystal controlled fixed-tuned re-
ceiver, decoding and alarm chassis,
and multipen recorder.

In the decoder, an audio tone
from the receiver is passed through
filters and converted to d-c. This
voltage fires a thyratron in whose
plate circuit is a relay that oper-
ates the pen.

The filter circuit permits identifi-
cation of the avalanche transmitter
from which the signals are re-
ceived.

After the signal has been re-
ceived for about 1 minute, a self-
holding time-delay relay operates,
turning on a warning light and
ringing a bell. A pushbutton reset
turns them off when the alarm has
been sounded.

When, in the avalanche control
unit (Fig. 2), daylight reduces the

resistance of the photocell to a suffi-
ciently low value, K, operates, and
a pulse of current flows through
C, closing K.,. This applies power
to the d-c motor that closes S.. Now,
contactor K. is energized through
S. and feeds 12 v to the converter,
transmitter and modulator.

When S, opens at the end of half
a revolution of the cam, K, removes
power from the load and another
pulse of current through C. opens
K,.. Relay K,, stays in this state
until the following morning when
light again will cause K, to close
and start the entire cycle.

Operation when an avalanche oc-
curs is similar. If the closed loop
forming the trip-wire is broken by
an avalanche, the base of @,, which
was held at ground by the low d-c
resistance of the wire now is free
to rise. Collector current then flows
and K, closes and a pulse of current
turns on K.. Power is applied to
the motor through R, and a contact
on K.. From there on, operation is
exactly the same as for the daily
test except that R, slows the d-c
motor giving a much longer trace
on the recorder than for the test
signal. This difference differenti-
ates between a real avalanche and
the daily test transmission.

With slight changes the system
could provide flood warnings.
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Degenerate Parametric Amplifier

USES BUTTERFLY RESONATORS

Design suggests the possibility of vltrahigh frequency parametric amplifiers

using low-cost components and continwously tunable with a single control

By RICHARD J. MAYER
Electrophysies Group
The Boeing Co.. Renton, Wash,

PARAMETRIC AMPLIFIERS, while offer-
ing low-noise operation at ultra-
high frequencies, are relatively
complex and usually difficult to tune.
A design that shows promise of
simplifying construction and tun-
ing is built around two butterfly
resonators. Other components in
the circuit of this degenerate para-
metric amplifier (Fig. 1.) include
an MA450E varactor diode and a
half-wave (at signal frequency)
section of 300-ohm twin-lead. A
degenerate parametric amplifier is
one in which the idler frequency is
equal to the signal frequency.
Tuning range of the signal reson-
ator is 135 to 485 Mc, and that of
the pump resonator is 300 to 1,000
Mec. The varactor and the signal
resonator are connected in series
to one end of the twin lead, and the
pump resonator to the other. The
pump signal is loop-coupled to the
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pump resonator, and the signal
source and load are both direct-
coupled to the signal resonator.

Operating at a signal frequency
of 485 Mc¢ and a pump frequency
of approximately 970 Me, the ampli-
fier power gain is 18 db at a band-
width of 10 Mec.

The amplifier is built into the
tuning unit chassis shown in Fig.
2. At the left is the pump reson-
ator with the coupling loop for the
pump signal. The signal resonator
and the varactor are on the right.
A balun makes the transition from
the unbalanced (coaxial) signal
and load lines to the signal reson-
ator.

Twin-lead was used because the
resonators were fixed in the chassis
and, therefore, both resonators
could not be directly connected
across the varactor. Because the
twin-lead is one-half wavelength
long at the signal frequency (and
a full wavelength long at the pump
frequency), it effectively couples
the signal resonator directly across

the series combination of the var-
actor and the pump resonator.
(Load impedance of a transmission
line is repeated at half-wave in-
tervals.)

Pump and signal circuits do not
interact when the resonators are
tuned to their respective resonant
frequencies because the @ of butter-
fiv resonators is high (typical val-
ues of @ range from 200 to 1000) ;
the pump resonator is virtually a
short-circuit at the signal fre-
quency and, likewise. the signal
resonator is a virtual short-circuit
at the pump frequency.

If the resonators were removed
from the chassis, it would be pos-
sible to eliminate the twin-lead.
This suggests the use of gang-tuned
resonators that are designed so that
one maintains twice the resonant
frequency of the other over a fre-
quency band of interest; thus, a
parametric amplifier that is tunable
over a frequency band with a sin-
gle control (Fig. 3) appears fea-
sible.
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RESEARCH AND DEVELOPMENT

Pressure Data System Uses Digital Transducers

By E. L. KARLSON,

President
Precision Research Ine,,
Stamford. Conn,

DIGITAL data handling system has
been designed around a transducer
that reads pressure photoelectri-
cally from binary encoded disks. No
electrical analogs are involved,
which eliminates the need for
closely regulated power supplies to
obtain highly accurate data. The
same patented readout technique
will also be used in temperature-
monitoring transducers.

Flexibility is one of the basic ad-
vantages of a digital pressure data
system using the transducers. The
transducers can accommodate par-
tial conversion of a plant to auto-
matic operation. The system can
later be made fully automatic with-
out replacing the elements that
have already been installed.

For example, existing gages can
be replaced with the transducers
shown in the photograph, which
provide local readout of pressure.
The same transducers can provide

Pressure transducer provides local
ndication as well as digital output
for remote readout and control

pressure information in either deci-
mal or binary form for remote
readout without the added cost and
complexity of analog-to-digital con-
version. Finally, the pressure data
can be fed to a digital control com-
puter for automatic operation.
Standard Bourdon tubes are used
as the pressure-sensing elements,
and they govern accuracy of the
pressure data. Consequently, costly
high-accuracy instrumentation is
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Pressure is displayed in binary and decimal form (A), and transducers can
be interrogated by computer (B). Driver pulses (C) each read one bit from

the associated photo diode
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unnecessary, which is particularly
significant when other system
parameters cannot be provided with
comparable precision.

Pressure is read photoelectrically
from high-tensile strength nickel
disks attached to the pressure-sens-
ing movement. The disks are en-
coded with gray binary code by
precision electroforming. A window
in the front face of the transducers
permits pressure to be read locally.

A digital pressure data system
can include a data control unit and
a decimal converter display unit.
The data control unit at A in the
figure furnishes power for operat-
ing as many as six transducers.

Other system functions per-
formed by the data control unit in-
cludes providing binary data con-
tinuously on indicator lamps for re-
mote readout of the six transducers.
The control unit also feeds the digi-
tal information to the decimal con-
verter for display on counters, sup-
plies interrogation pulses for inde-
pendent binary or decimal readout
of transducers and accepts external
interrogation pulses from a com-
puter to read out any one of the six
transducers. The binary encoded
outputs from the data control unit
are provided in the form of positive
or negative 10-volt pulses.

Information provided to the deci-
mal converter readout display at
rates from 1 to 10 bits per second
is converted to decimal form and
displayed by edge-lighted numerals
from .000 to 999. The display can
retain the most recent information
until the converter is manually in-
terrogated. Six converters fit on a 6
by 9 inch standard rack.

When the system includes a cen-
tral computer as at B in the figure,
any one of the six transducers can
be interrogated, and the dated in-
formation is fed back sequentially
to the computer. To interrogate a
particular transducer, the computer
feeds an encoded pulse that identi-
fies the transducer to the local data
control chassis over a two-wire line.
The pulse is interpreted by the con-

electronics



keep your signals clean with

engineered magnetic shielding

Keep stray magnetie fickds out of your high gain
input transformers and cathode ray tubes. Keep
your signals free of noise, hum, cross-talk and
distortion. You can do it only with engineered
magnetic shielding.

These high-permeabiiity shields are made from ex-
isting tools in a broad variety of single and multiple
structures—cylinders, spheres, truncated cones—
for applications ranging from dc into the audio
range and higher. They can be used with almost
all conventional transformer core and coil assem-
blies to provide any degree of magnetic, electro-
static or RF shielding against undesired signals of

December 15, 1961

all classes. Reduction of field strengths to 100 db
and beyond is common.

With Magnetic Me:als shieiding, both the electrical
and mechanicai engineering is already done for you.
Simply let us know your requirements... We'll
engineer the exact type of shielding you need. In
selection of raw material, design, fabrication, an-
nealing, testing ana gaging, Magnetic Metals has
amassed a great backlog of shielding experience.
For a better understanding of shielding and help in
specifying it, write for our informative booklet,
““Magnetic Shielding of Transformers and Tubes.”

MAGNETIC METALS COMPANY
Hayes Avenue at 21st Street, Camden 1, N.J.

853 Production Place, Newport Beach, California
transformer laminations - motor laminations tape-wound cores
powdered molybdenum permalloy cores electromagnetic shields
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Sperry adds

—-—————_————————1

' microwave memo |

—-———————————————J

high-power pulsed TWT’s

to list of tubes available in 30 days

In a move to simplify design problems
in present and future radar systems,
Sperry Electronic Tube Division of
Sperry Rand Corporation has added
two high-power pulsed traveling wave
tubes to the list of advanced micro-
wave tubes available in 30 days.

The two tubes covered by the an-
nouncemecnt—the STL-114 and the
STC-152—operate in L and C bands,
respectively. They are typical of a
line of pulsed TWT's ranging from
P through V bands which Sperry
offers on a firm delivery date basis.

EASY RADAR APPLICATION

Sperry’s pulsed TWT’s are admir-
ably suited to the demands of applica-
tion in phased array radars, height
finders, search, ECM, and other radar
applications. Widely varied in-system
experience has proved that their reli-
ability, long life, high power, high
gain, and extreme broadband operation
make them ideal for radar use.

Design features of this tube family
minimize the necessity for system
adjustments in the field. Among these
features are broadband response,
constant voltage operation, and short
circuit stability.

VERIFIED RELIABILITY

These pulsed TWT’s, produced at
Sperry’s Great Neck, N. Y., facility,
have compiled an impressive record
of in-system experience. Such experi-
ence has proved that their resistance
to shock and vibration damage, their
inherent indifference to ambient con-
ditions, and their mounting flexibility
make them ideal for ground or
airborne application.

Place your order with your Cain &
Company representative. His phone
number appears in the adjacent col-
umn., Tubes are available within 30
days after receipt of order.

FREE TECHNICAL INFORMATION on
the Sperry line of high-power pulsed
traveling wave tubes may be obtained
by writing to Sec. 102, Sperry Electronic
Tube Division, Gainesville, Florida.

V BAND CAPABILITY

Among Sperry’s other interesting
activities in pulsed TWT’s is the ex-
tension of capability into the V Band
—26.5 to 40.0 kMc. Although these
efforts are largely classified, inquiries
are invited from those who have the
necessary clearance and need to know.
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FACTORY ALIGNMENT of a Sperry TWT within its focusing solenoid greatly
simplifies field maintenance. Once this operation has been performed by a
skilled Sperry technician, the assembly is self-aligning.
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Typical small signal gain vs. fre-
quency for a pulsed Sperry TWT.

Typical saturated power output vs.
frequency for a pulsed Sperry TWT.
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Inquire about
Sperry Tubes
from these
convenient
Cain & Company
offices

REGIONAL OFFICES

Burbank, California
2615 W. Magnolia Blvd.
VI 9-6781

Great Neck, Long Island,
N. Y.
260 Northern Boulevard
HN 6-0600

Chicago 45, lllinois
3508 Devon Avenue
OR 6-9500

St. Petersburg, Florida
410 — 150th Avenue
Madeira Beach Prof.Bldg.
391-0151

DISTRICT OFFICES

Boston, Massachusetts
Phone VO 2-5330

Philadelphia, Pennsylvania
Phone VI 8-1700

Washington, D. C.
Phone EX 3-7587

Dayton, Ohio
Phone RO 7-8661

Dallas, Texas
Phone BL 5-2050

Albuquerque, New Mexico
Phone 268-5300

San Francisco, California
Phone YO 8-0995

San Diego, California
Phone HU 8-0665

Seattle, Washington
Phone MA 3-3303

g J
i \T'U_Bfé' i_‘[

w

| DIVISION
W .

- - .

SPERRY RAND CORPORATION
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trol unit. which then sends the ap-
proprite interrogation pulse to the
selected transducer.

The interrogation pulse passes
through the magnetic-core timer
at C. The timer, which is inside
the transducer, is comprised of the
magnetic cores, a series of transis-
tor drivers for the cores and delay
networks. Each of the successively
more delayed driver pulses reads
out one bit by interrogating the as-
sociated photo diode. The bits form
the serial readout of pressure.
which is fed back to the data control
chassis. Finally the digital data is
fed back to the computer over the
same two-wire line.

Zeroing and calibration of the

transducers involves adjustment of
only a single screw at the rear.

The digital pressure transducers
can withstand adverse environ-
mental conditions. such as corrosive
atmospheres or outdoor use. No
failures occurred in shock tests up
to 5 g’s, and the transducers can
provide remote pressure readout
operating over a temperature range
from —40 to 250 F. The pressure
instruments are being produced
with pressure ranges from 10
inches of water full scale to 5,000
psi.

The temperature - monitoring
transducers using this readout tech-
nique will cover temperature ranges
up to 500 F.

Magnetoresistance Voltage Regulator

INDIUM antimonide semiconductor
is used to maintain constant output
voltage in a regulator designed spe-
cifically for tunnel diodes. The reg-
ulator is a practical application of
the phenomenon of magnetoresist-
ance, in which resistance of a semi-
conductor varies in proportion to
the strength of an applied magnetic
field. The magnetoresistance volt-
age regulator was developed by Bat-
telle Memorial Institute in a re-
search program sponsored by the
Aeronautical Systems Center, Air
Force Systems Command.

As input to the electromagnet
shown in the photograph is in-
creased, it produces a stronger mag-

netic field. The resistance of the
indium antimonide semiconductor
located in the field is therefore also
increased. Similarly, a decrease in
input to the magnet coil decreases
magnetic field strength, thereby de-
creasing resistance.

The regulator can maintain an
output voltage of 0.15 volt within
=5 percent at 0.1 amp. This regu-
lation is maintained with changes
in load resistance of 50 percent and
simultaneous changes of 10 percent
in input voltage. normally 1.5 volts.

Much more precise regulation can
be achieved with a magnetoresist-
ance regulator when it is used with
output voltages of one volt or more.
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COMPONENTS AND MATERIALS

Light-Triggered Device Switches High Power

Controlled rectifier with a light gate turn on handles 160 watts continu-
ously, can eliminate several stages of circuit work

SUBMINIATURE PNPN SWITCHES, re-
cently shown by GE’s Rectifier Com-
ponent Dept. to about 25 engineers
in various electronic companies,
made the engineers wonder why
they hadn’t thought of the idea
themselves. Most intriguing was
the device’'s high power handling
ability—160 watts for continuous
operation, two kilowatts for one
cycle—which provide wide static
switching applications.

Operating principle is based on
triggering a pnpn junction by light,
an effect long known to semiconduc-
tor researchers. This phenomenon
completely isolates the input from
the device, a highly desirable char-
acteristic in a static switch. Also,
the user can easily observe the sta-
tus of the input signal.

Like other photovoltaic devices,
this switch responds to light in the
0.4 to 1.1 millimicron region and
peaks at approximately 0.8 millimi-
crons. This generally covers the
range of human visibility and up
to the near infra red area.

Turn-off turn-on time is being
evaluated now, but switching speed
is in the microsecond range, com-
parable to similar silicon controlled
rectifiers. Reliability of light source
should complement that offered by
these semiconductor switches,
which are inherently very high.
Inexpensive miniature lamps of

both incandescent and neon types
are available in both life and reli-
ability categories to meet a wide
variety of requirements.

Device will respond to light fall-
ing at angles perpendicular to the
radial axis of the unit. Greatest
sensitivity to light is for angles of
approximately 45 deg. Optical per-
formance can be enhanced by cylin-
drical or parabolic reflectors.

Peak reverse voltage and for-
ward breakover voltage ratings
vary from 50 volts to over 400 volts.
Peak one cycle surge current rating
is five amperes. At 35 C, the device
is rated up to 400 milliamperes.

Preliminary application notes,
supplied by GE, indicate interesting
applications as relays, card and tape
reading character recognition, pho-
toelectric control and simple switcn-
ing schemes.

Among computer men, the de-
vices have aroused great interest in
card and tape reading and charac-
ter recognition. Fast, bistable op-
eration presents very sharp wave
fronts which simplify circuits and
often enhance the operation of fol-
lowing computer circuits. The
7ZJ235 is a true on-off switch in
comparison to photodiodes or other
semiconductor devices. For charac-
ter recognition a typical system
would consist of an array of light
activated switches, light admitted

through the cathode end.

One of the most difficult areas for
the devices is in detection of ob-
jects interrupting a light beam, as
great light sensitivity is needed for
long light throws, and often cir-
cuits should be closed on the ab-
sence of light. These obstacles can
be overcome by use of an inexpen-
sive lens system, a stronger light
source, or both. And to invert the
action (closing when light is inter-
rupted) an inexpensive relay can
be added, or another silicon con-
trolled rectifier can be included.

These light activated switches
can be considered as silent, her-
metically sealed relays that can op-
erate as half wave static devices,
full wave a-c load, or full wave d-c
inductive load. When the light
source is energized, the device
latches into conduction. On a d-c
circuit this latching action results
in a simple, inexpensive memory.
The device will remain on until in-
tentionally turned off by methods
used with conventional silicon con-
trolled rectifiers, that is, mechanical
interruption of the main load car-
rying circuit or commutation with
capacitors.

In an a-c circuit, the device will
turn off at the end of each positive
half cycle. A full-wave bridge con-
figuration is often the most prac-
tical circuit when the load demands
full wave conduction.

In alarm circuits, light activated
switches can accept different sig-
nals, a-c or d-c, of any voltage that
can energize a lamp. This is usu-
ally difficult to accomplish with
other types of alarm circuits. The
load current limit of 400 ma for
normal operation can be exceeded,
as it would not be necessary to re-
block forward voltage in a manually
reset alarm system. The inherent
memory of the device locks up the
alarm signal, if this is desired.

By using two switches in a
back-to-back configuration, efficient
power reduction can be obtained in
the form of a three-position switch.
Power to the load can be reduced
to half by illuminating just one of

electronics



BENDIX® SPARK GAP TUBES SPECIALLY DESIGNED TO PROTECT RADAR AND OTHER ELEC-

TRONIC CIRCUITS These versatile tubes do two major jobs in electronic circuits: first, protect
radar and other electronic circuits against voltage overload, keeping high voltage surges from
getting through to damage circuit components; second, act as a “triggering’’ switch in such
applications as jet ignition systems. These tubes pass high currents with relatively low
voltage drop, handle high voltages in small space. If this spark gap line—ranging from 750 V
to 50 KV DC breakdown voltages—doesn’t meet your needs, we’ll design and produce
special units for you. Write for details. Electron Tube Products, The Bendix Corporation,
Eatontown, N. J. Export Sales: Bendix International, 205 E. 42nd St., New York 17, N.Y.

Red Bank Division [RY.72Y <

CORPORATION
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You can order

TAS106MO35POF

from your Mallory Distributor

TAP

TAH TAF TAG
TAM
XTV MTF Nl XTM

You don’t need a paragraph of specs to order a Mallory Tantalum
Capacitor. A simple 13-digit number tells the complete story. And you
can choose from the industry’s widest selection: Sintered Anode —
Solid or Liquid Electrolyte, Foil —Polar or Non-polar, .25 mfd to
2200 mfd, —80°C to +200°C. Thirteen types, hundreds of ratings,
a tantalum capacitor to fit your exact need.

To get the details, ask your Mallory Distributor for Catalog 9-169.
It’s loaded with information. Then specify Mallory and get delivery
from stock at regular factory prices.

easiest to specify~easiest to buy
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Delivered from stock at factory
prices by these distributors:

Arlington, Va.
Rucker Electronic Products
Baltimore, Md.
Radio Electric Service
Binghamton, N.Y.
Federal Electronics
Boston, Mass.
DeMambro Radio Supply Co.
Lafayette Radio
Bridgeport, Conn.
Westconn Electronics
Buffalo, N.Y.
Wehle Electronics
Chicago, IIl.
Allied Radio Corp.
.Newark Electronics Corp.
Cincinnati, Ohio
United Radio
Cleveland, Ohio
Pioneer Electronics
Dallas, Texas
Engineering Supply Co.
Dayton, Ohio
Allied Supply Co.
Denver, Colo.
Denver Electronics
Houston, Texas
Harrison Equipment Co., Inc.
Lenert Company
Indianapolis, Ind.
Graham Electronics
Los Angeles, Calif.
California Electronics
Kierulff Eiectronics, Inc.
Radio Product Sales
Minneapolis, Minn,
Northwest Radio
Monrovia, Calif.
Lynch Electronics
Moé\treadl, Que.
anadian Electrical Supply Co,
Mountainside, N.J. i
Federated Purchaser, Inc.
Nashville, Tenn.
Electra Dist. Co.
Newton, Mass,
Cramer Electronics, Inc.
Newark, N.J.
Lafayette Radio
New York, N.Y.
Harrison Radio Corp.
Harvey Radio Co., inc.
Lafayette Radio
Milo Electronics
Terminal Hudson Electronics
Oakland, Calif.
Eimar Electronics, Inc.
Orlando, Fla.
East Coast Electronics
Ottawa, Ont.
Wackid Radio-TV Lab.
Palo Alto, Calif.
Zack Electronics
Pasadena, Calif.
Allied Radio of California
Perth Amboy, N.J.
Atlas Electronics
Philadelphia, Pa.
Herbach & Rademan
Philadelphia Electronics
Pittsburgh, Pa.
Radio Parts Co.
St. Louis, Mo.
Olive Electronics
Seattle, Wash.
F. B. Connelly Co.
Tampa, Florida
Thurow Distributors, Inc,
Toronto, Ont.
Alpha Aracon Radio Co.
Electro Sonic Supply
Wholesale Radio & Electronics
Tu{_:sa, Okla.
Engineering Supply Co.
Union City, N.J. g
Nidisco—Union City
Washington, D.C.
Capitol Radio Wholsalers
Electronic Industrial Sales
Wr‘nNite Plzins, N.EYI.
estchester Electronic Supply Co., In
Winston-Salem, N.C, e » e
Dalton-Hege Inc.

Distributor Division
P. R. Mallory & Co. Inc.
Indianapolis 6, Indiana

MALLORY
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the switches. or full power can be
obtained by illuminating both units.
Simple power programming can be
arranged by turning on one switch.
with the other being turned on by
a lamp in parallel with the load.

Another suggested application
for the light activated switches is
for small signal actuation by meter
deflection. The light switch offers
one of the simplest methods of clos-
ing a 400 volt 160 watt contact at
the desired position of a meter
pointer or disc.

Other suggested applications in-
clude simple computer logic. read-
out from optical-electronic circuits.
flame detection. squib firing. light
flip-flops. light choppers. and tower
light monitors.

To best understand the operation
of a pnpn switch, such as the ZJ235.
Dennis Grapfam. applications engi-
neer at G, outlined the theory.

It is convenient to visualize the
device as consisting of two inde-
pendent silicon transistors. an npn
and a pnp connected as shown:

ANOOE

Tco, B2

fix

CATHODE

The collector of the lower npn
transistor drives the base of the
upper pup transistor, while the
pnp’s collector drives the npi’s base.
This positive feedback loop has an
overall gain of (I, X B.), where I3,
and B. are the common-emitter cur-
rent gains of the two transistors.

With no light applied. total anode
current. /,. may be expressed in
terms of the two betas and the tran-
sistor leakage currents /.., [..
where,

Loy =Tco, (0 + B + Bily,
lTa, =1coy (1 + B2) + Bl 4
Ty =a +14)

Solving these equations for I,
gives,

_ Uco,Hlco)(1+B)(1 +132)

7
4 T—5\Bs

1)

At junction temperatures below
rated maximum. and with applied
anode voltage less than the device’s
specified forward breakover volt-
age. the product (B, » B.) is less
than unity. Since leakage current
1., of a silicon transistor can be
made very low. total device anode
currvent I, is also very low (equa-
tion 1). and the ZJ235 is said to be
in its high impedance or off state.

To initiate the characteristic
prupy switching  action. i.e. the
change-over from high to a low

impedance or on state. this same
loop gain (I3, X B.) must be raised
to unity. From equation 1. [, goes
to « when (B, x B)) goes to 1. and
under these conditions both tran-
sistors are driven to saturation.
Anode-cathode voltage falls. and de-
vice current is limited only by the
external source impedance. Because
the =svstem is regenerative, the
7J235 can only be returned to its
high impedance state by interrup-
tion of the external anode supply.

In practice. the product (B, X
B.) is raised to its initial value by
utilizing the collector-current de-
pendence of beta (in a transistor,
beta increases with increasing col-

lector current). DBy driving the
7ZJ235’s anode current above its

normal off-state leakage value. (B,
% I.) is effectively raised to unity.
This mechanism may be accom-
plished in any one. or a combina-
tion, of three ways:

3v raising  junction tempera-
ture—leakage current and hence
beta increases rapidly with rising
temperature.

By raising anode voltage—leak-
age current increases sharply as
collector avalanche is approached.

3v subjecting the device to inci-
dent light—high energy protons. or
light particles, entering the silicon
lattice releases considerable num-
bers of hole—electron pairs (com-
pare effect of increasing temperva-
ture). These hole-electron pairs add
to total anode current. the betas
rise, and the light activated device
switches. This mechanism is em-
ploved in practice.

With light applied to the device,
equation 1 becomes modified as fol-
lows:

. (I Coy +1 ('u._!'t'l [,)(I +If|)(l +[fg)
' =B,

where I, is the current flow due to
incident light.
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G-E LEXAN POLYCARB

STRENGTH LEXAN slider for 4-pole
switch is 20% glass-filled. The material
withstands high impact forces and its
flexural modulus is over 1 million psi.
Used in rocket sled tests, the filled resin
is relatively independent of heat, aging
and most environments. It has high melt
temperature and excellent electricals.
(Atlas Chemical Industries)

IMPROVED FABRICATION. Formerly
made of brass, blower couplings for
radar unit are now inexpensively vac-
uum-formed of LEXAN resin, allowing
considerable savings in machining costs.
Couplings of polycarbonate resin are
tough, flame-resistant, give smoother
air flow than before. They withstand
cycling from —54°C to +54°C under
humid conditions. (General Electric)

GOOD ELECTRICALS. Microminiature
connector contains up to 20% more
contacts in the same space, thanks to
dimensional stability and good electrical
properties of LEXAN resin. Self-extin-
guishing, the material provides low loss,
good insulation resistance and a dielec-
tric constant and power factor which
are virtually independent of tempera-
ture. (Amphenol-Borg Electronics Corp.)

Learn more about your [BIGGEST CUSTOMER

In 1961, military and space electronics
exceeded, in dollar volume, the total of industrial
electronics, consumer electronics, and the
replacement components put together .
one fact from the “Summary of Electronics
Markets” in your 1961 electronics Buyers’

Guide and Reference Issue.

What’s more, EBG follows up this interesting
market fact with a statistical analysis of
the military and space market, a military and
government procurement guide, a list and
descriptions of procuring agencies, and other
information that helps you translate facts
into profits for your business. You’ll find

daily use for EBG all year long.

electronics BUYERS' GUIDE and Reference Issue
The Basic Buying Guide in Electronics disce 7947

84

. . just

)

electronics



ONAIE

HEAT RESISTANCE. Because LEXAN
resin can be painted with wear resistant
high-temperature bake finishes, it was
chosen to replace zinc die castings for
auto radio pushbuttons. Base and top
coats of these vacuum-metalized parts
are baked at 265°F. Buttons are eco-
nomically injection molded and light in
weight . . . make a tight fit on the metal

RESIN

TRANSPARENCY. Face-glass of this
pressure gauge is molded of LEXAN 102
— a new, virtually water-white grade of
resin. The instrument uses a gray LEXAN
back-plate. Transparent LEXAN resin is
shock- and heat-resistant . . . replaces
glass. The opaque plastic replaces steel
or brass. The two injection molded shells
form a strong, good looking case.

THE MOST VERSATILE OF
THE TOUGH THERMOPLASTICS

N

LOOKING FOR THAT EXTRA MARGIN
OF DESIGN FREEDOM?

With LEXAN resin you can take
down many of the old “proceed with
caution’ signs. Here is a material
with outstanding impact strength!
1t is metal-like in mechanical prop-
erties: strong, hard, stiff, machine-
able — yet malleable (can be cold
formed) ! It is dimensionally stable,
not only under impact or suddenly
applied loads, but also at high tem-
peratures and upon immersion in
water. And LEXAN resin makes
handsome products — smooth, frans-
parent or opaque, colorful. A re-
markable thermoplastic!

Don’t overlook the design oppor-
tunities opened up by LEXAN resin.
Send today for details on price, prop-
erties, applications and G-E’s tech-
nical assistance program. Write to:
General Electric, Chemical Materials
Department. Section E-61, Pitts-
field, Mass.

LEXAN®

Polycarbonate Resin

GENERAL @ ELECTRIC
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stake. (Motorola, Inc.) (United States Gauge)

FOUR SECTION-TUNED FM TUNER

Creates up to 30 times better image; Rejects all spurious signals

% High thermal stability !
v Low oscillation radiation

Y ‘Choice of 3 IF band widths

The first four section tuning system — plus two frame grid pentodes — results
in revolutionary high rejection values for image, IF and spurious signals.
Special features on the Model 311-0040 include an extremely linear dial
calibration and selection of three different IF band widths to fit any FM
application. AFC is accomplished through a special diffuded silicon diode
in a patented AFC circuitry. Easy to mount and connect via feed-through
condensers and terminals located on top of tuner. For details, write about
Model 311-0040.

Also — ask about the complete Waller line of transistor FM tuners and
other tube types.

THE WALLER CORPORATION
Ridgefield, Crystal Lake, lllinois

ONLY ONE OF ITS KIND
ANYWHERE
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PRODUCTION TECHNIQUES

Grid wire is broken automatically at finish of each grid
and is picked up at start of next

Control of
with photo

the wire break

mechanism is accomplished
transistor and disk on lathe cam shaft

Wire Break Device Cuts Grid Winding Costs

By F. P. EHRHARDT

Western Electric Co.
Alentown, Ta.

TIME AND RAW MATERIAL can be
saved in electron tube manufacture
by adapting a wire breaking and
pick-up mechanism to conventional
grid winding machines. Improved
grid quality results from reduced
handling while operator efficiency
is improved. Since the technique
requires only a small investment, it
can be used in limited quantity pro-
duction as well as on fully auto-
matic grid winding machines.

Conventional grids are made by
attaching small diameter wire in
a helix to two larger support wires;
the support wires are notched, the
grid wire is inserted and the notch
is swaged over. The method re-
quires no soldering or brazing and
is accomplished with semi-auto-
matic machines. The support wires
themselves are pulled from supply
spools through grooves in a ro-
tating mandrel; the grid wire is
pulled from another spool, as shown
in one of the photographs. The
swaging wheel peens metal from
each side of the notch over the grid
wire and locks it in place. Notching
and swaging occurs twice for each
revolution of the mandrel, since the
grid must be attached to both sup-
port wires.

86

The support wires must extend
beyond the helical grid at each end
for assembly into the tube. In a
conventional grid winding machine
the notcher and swager wheels are
moved out of position by ecams when
the last turn of one grid is reached
and remain that way until the first
turn of the next grid is reached.
This leaves the lateral wire loose
over the grid leg, which is about
4 of total grid length. After wind-
ing, grid strips are cut apart and
the excess loose wire on each grid
is removed manually and serapped.

A wire break attachment makes
it possible to interrupt the flow of
lateral wire during winding so that
only the turns required for each
grid are wound. Strips of grids are
wound as before but without loose
turns. After the last turn of a grid
is swaged in place, the lateral wire
is broken and held until the support
wire advances to the next winding
position. When a notech is cut in
the support wire for the first turn
on the next grid in the strip. the
wire being held is caught in the
notch and swaged in place.

Two carbide jaws provided in the
wire break mechanism serve as
wire guides as well as a means of
pinching the lateral wire being
pulled onto the rotating mandrel. A
light spring holds the jaws together

as wire slides through during wind-
ing. As soon as the last required
turn of the grid is wound, a solenoid
pushes the jaws together, clamping
the lateral wire and causing it to
break. Timing of the impulse to the
solenoid is critical, as is the angular
position of the winding mandrel at
the time the wire is hroken. With
precise timing, the lateral wire will
break at the last swaged notch and
leave a lateral wire tail extending
from the carbide jaws long enough
to be picked up at the start of the
next grid in the strip.

A light source and photo tran-
sistor on opposite sides of a disc on
the lathe cam shaft allow accurate
timing for the breaking mechanism.
An important advantage of the at-
tachment is that one operator can
attend several machines at the same
time, instead of just one.

Vacuum Bakeout
Improves Klystrons

THE BROAD BAND KLYSTRON tube on
the cover of this issue is Sperry
Electronic Tube Division’s SAL
166, a high-power, high-energy-per-
pulse tube for high power radars
now in production at Gt. Neck, N. Y.
Operating from 1,215 to 1,365 Mec,

electronics



TWO NEW TUBES
[ GCA10G — A recently de-
COLD CATHORE TUBES et
- coupling of a readout tube
| to a Dekatron without the
i need of any additional

e count amplifiers.

GS10H — New, low cost,

miniature selector with ac-
[ ]
readout cess to all cathodes. Seat-

ed height — 1'%.".

e store
e compute
esort

e control
Dekatron Tubes — Full

4 : line of twelve types for to-

etime talizing, sorting, program-
ming or controlling. High

o switch / speed (up to 20,000 cps).
Reliable up to 100,000
hours — low current.

GCA10G

Voitage Reference Tube —
Useful in high-level stages
of DC amplifiers. No jump
in characteristic. Constant
internal resistance.

Computer Trigger Tube —

Baird-Atomic has more different types of cold cathode counting tubes Inexpensive subminiature

tubes especially designed

for computer application.

than anyone! All have been field proven...all feature rugged construc- Widely used for slow-speed
storage applications.

tion, low power requirements and simple circuitry. And B/A tubes
are backed by extensive applications engineering service and a

network of distributors in the U. S. and Canada.
Tetrode Trigger Tube —
Designed for Dekatron
For more information on Baird-Atomic tubes and services, send coupling, readout circuits
and bi-directional counting.
Reliable in self-quench cir-

today for HANDBOOK OF COUNTING TUBES. Price $1.00. cuits. Drift-free operation.

E A IR D P~ A TO M /cl / Nc. Engineers and scientists: Investigate challeng-

B ing opportunities with Baird-Atomic. Write Indus-

. . . trial Relations Director. All qualified applicants
A ‘?‘? ”ﬂll/ff ‘91/.}/ RO 0'0,’ cﬂ/]l é’ ldg (4 ‘?‘g /’/ ass. will receive consideration for employment with-
out regard to race, creed, color or national origin.

ADVANCED OPTICS AND ELECTRONICS...SERVING SCIENCE
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ONE...

just set the part on the
anvil (no masters or set
gages needed)

TWO...

turn the knob to lower
spindle (stops automat-
ically on contact)

THREE...

read the measurement
directly from the scale
(and save up to 859% in
gaging time!)

MEASURE TO
.0001"!

... that’s how quick and easy it is with the
Bausch & Lomb DR-25B Optical Gage!

Takes just seconds to get direct readings to .0001” . . . depth,
thickness, height, diameter, taper. You read in “tenths” from
0” to 3" on a bright, magnified scale . . . with such extreme
accuracy (0.000025") that masters or set gages are unneces-
sary. Specially calibrated to normal shop temperatures with
easy conversion charts for any temperature fluctuation. Here’s
today’s fastest, easiest way to get highest accuracy readings
.+ . with job-proved savings of as much as 85% in gaging
time . .. for only $875!
See it, compare it, in

a free on-the-job
demonstration.

DISTRIBUTED IN U.S.A. THROUGH THE DoALL COMPANY

| BAUSCH & LOMB INCORPORATED

| 62324 Bausch St., Rochester 2, N. Y.

O T'd like an on-the-job demonstration of the
DR-25B with no obligation on my part.

1SVN8C103- W B Ke) 0zl | (] Please send Catalog D-285.

sincE v 1889 NAME TTLE
COMPANY
Made in America,
to the world’s highest standards. | ADDRESS
(9 Ju { o ZONE ....... STATE ...cccevveenannns
L o et e s e e Bt e e e e e d
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the tube is believed to have the larg-
est power rating for a 150 Mc band-
width. Peak power is 12.5 Mw and
average power is 60 Kw; gain is 38
db and duty cycle is 0.0061.

The high beam densities used in
the tube place severe requirements
on the materials used, and also re-
quire a hard vacuum during the life
of the tube. Metals used in the
structural parts of the tube are
primarily oxygen-free copper and
stainless steel; ceramic instead of
glass is used for other parts since
it allows bakeout at temperatures
near 600 C, instead of the 450 C
usual with glass.

The tube is built up from sub-
assemblies, many of which are vac-
uum fired at 1,000 to 1,100 C before
being assembled into the tube. High
temperature vacuum firing is es-
pecially important for those inter-
nal tube structures that are near
the cathode. To maintain high vac-
uum during service, the number of
joints that must be vacuum tight

Optical pyrometer is used to check
temperature of subassembly during
vacuum firing

are reduced to a minimum by using
one-piece hydroformed parts wher-
ever possible. After the major sub-
assemblies have been r-f brazed in
hydrogen furnaces, they are heliarc
welded together to form the seven
foot high, 300 1b. tube.

The assembled tube is evacuated
and an ion pump is attached to it to
bring the pressure inside the tube
down to 10~ or 10 mm of mercury;
the ion pump remains with the tube
during the vacuum bakeout that fol-
lows and is removed only when the
tube is ready for test.

Vacuum bakeout of the assembled

electronics




Klystron is Heliarc welded on motor
driven turntable

and evacuated tube takes 48 hours.
Six hours are required to bring the
tube up to approximately 600 C,
bakeout takes 30 hours, and 12
hours are required for cooling.
Cathode conversion takes place dur-
ing bakeout, with barium and
strontium carbonates giving off CO
and CO, to release the barium and
strontium ; the gases are removed by
the ion pump, which is still attached
to the tube. Although 16 to 20 hours
are normally required for cathode
conversion, the use of CerAlloy 400,
manufactured by Ronson Metals
Corp.,, Newark, New Jersey, cuts
the time down to two hours.
Pressure in the final bakeout
oven is about 10® mm of mercury.
Vacuum bakeout at this relatively
low pressure has two important ad-
vantages. Iirst, any leak that de-
velops in a tube does not result in a
large influx of gases into the tube
to cause oxidation and, usually,
tube destruction; no tube bodies
have been lost because of leaky
seals since the oven has been in use.
Second, hydrogen and oxygen diffu-
sion through tube structures
(which increases with tempera-
ture) is less because the pressure
differential across the walls is less.
The oven itself is 14 feet high, eight
feet of which are under ground.
When the tube is cooled, it is re-
moved from the oven and voltage
processed to burn off metal whisk-
ers. After final outgassing to 5 X
10° mm of mercury, the tube is
pinched off and is ready for tests.
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*1$ TO PIERCE
IS TO
FENNER

TO

SMITH

B/I has a complete catalog of
whic

BUILD-YOUR-OWN
ELECTRONIC
OR?AN

STEPUPTO AN
]

GREATEST
NAME I N
| ORGAN KITS

20TH CENTURY '

SUCCESSOR | PAY-AS-YOU
TO THE
PIPE ORGAN QUMD

. STEP-BY-STEP
| INSTRUCTIONS

HOME, CHURCH
AND CONCERT
MODELS
2-3-4 MANUALS
FROM
$1,750 to $12,500

€

PIPE-LIKE
TONE AND
APPEARANCE

DIRECT FACTORY |
TO OWNER |
SAVES 50% |

!

WORLD'S LARGEST SELECTION OF ORGAN KITS.
ACCESSORIES ANQ CUSTOM-BUILT ORGANS
Send for FREE literature
DORSETT ELECTRONICS, INC.

ELECTRONIC ORGAN DIVISION
4949% YORK BLVD., LQLS ANGELES 42, CALIF.

|
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BEHLMAN-INVAR
IS TO ELECTRONIC POWER AS
MERRILL IS TO LYNCH*

And to determine what Behlman-Invar means to you,

AC and DC poiwer supplies
h is yours for the asking. Ask!

BEHLMAN-INVAR ELECTRONICS CORP.

1723 Cloverfield Blvd., Santa Monica, California

CIRCLE 214 ON READER SERVICE CARD

“BEAMED-POWER"” ANTENNAS

NOW MAILING! PL88 — technical
data, pricing bulletin describing
Advanced-design commercial and
citizen-band base-station antennas
and accessories. Includes Tower,

" Rotator, “Baluns,” Masting and
Transmission line data, plus nice-
to-have-around *‘info.” Request
your copy, today; no obligation.

WORLD RENOWNED AND RESPECTED
PERFORMANCE -6 to 1500 MC.

Communication

@ PP‘ and TV Antennas
i lelrex__
LABORATORIES

ASBURY PARK 25, NEW JERSEY, U.S.A.
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Low & High-Level Multiplexer
FOR GROUND-BASED, GENERAL-PURPOSE USE

STELLARMETRICS, INC., 210 E. Or-
tega St., Santa Barbara, Calif.
Model 100 Microplexer is an all-
electronic sampling switch. It offers
100 separate input channels, se-
quentially switched to a common
output bus. on each of the two poles
which, in combination, apply the
input information to a common out-
put load. Full scale input signal

ranges as small as *+ 5 mv may be
sampled at any rate from 0 to 1.000
cps at 0.1 percent accuracy; and no
drift (with time or temperature)
can be measured. At the core of the
unit is the Magristor which uses
liquid as its enabling means, essen-
tially eliminating noise.

CIRCLE 301 ON READER SERVICE CARD

Chopper Stabilizing Amplifier

SHIELDED AND ISOLATED INPUT

put system and uses a 10,000-hr
mechanical chopper in conjunction
with solid-state circuitry to provide
an amplifier of high performance.
With an input impedance of 100,000
ohms, the amplifier noise is less
than 1 uv with a 1.6 cps filter on the
output. Gain is 100 db and mini-
mum output is = 5 v.

CIRCLE 302 ON READER SERVICE CARD

Variascr Devay Love
wne viss

0 _ 3
9 i ‘ ' o
- —@

VEies o M
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Variable Delay Line
HIGH RESOLUTION

COMPUTER DEVICES CORP., 6 W. 18th
St., Huntington Station, N.Y. A de-
lay range from 0 to 150 usec in pre-
cise steps of 0.1 usec is provided in
the model V175. It utilizes an inser-
tion switching technique that gives
constant input and output load im-
pedance regardless of the delay set-
ting. Unit provides an output rise
time which decreases with delay
and at maximum delay is less than
4 percent. Attenuation is 6 db; dis-
tortion, less than 3 percent; accu-
racy at any delay setting, better
than 2 percent; impedance, 3500
ohms.

CIRCLE 303 ON READER SERVICE CARD

Multiple Capacitor
HERMETICALLY SEALED

GULTON INDUSTRIES, INC., 212 Dur-
ham Ave., Metuchen, N.J. Hermeti-
cally sealed Faradyne Mylar capac-
itor has capacitance values of 1 uf,
0.1 uf, 0.01 uf and 0.001 uf within
one single unit. Tolerance on these
values within one unit is =+ 0.25

Series 300 has a full wave trans-
former, a floating and shielded in-

C.E.S. ELECTRONIC PRODUCTS, 5026

Newport Ave., San Diego 7, Calif. percent. Use of the unit in oscillo-

920 electronics
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mow,, For the first time...

TEST
ELECTROLYTIC
CAPACITORS

Safely...
Accurately...
" Simply!

B The Sprague Model TW1 Copacitance Bridge introduces a new
concept in bridge design. Built by capacitor engineers for capacitor
users, it incorporates the best features of bridges used for many years

SPECIFICATIONS

Capacitance ) ] A e
Range: 0 to 120,000uF at 120 cps in Sprague laboratories and production facilities.
Accuracy: -+ (1% of reading + 10uuF) . . . . .
Sensifivity: & (0.1% of reading +10uuF) B The internal generator of the 1W1 Bridge is a hne.-drlven
Dissipation Factor frequency converter, and detection is obtained from an internal
iongf' 0 to :2?27% fO' 1?3 ps. 1% BRI tuned transistor amplifier-null detector, whose sensitivity increases as
ccuracy: (2% of reading +0.1% ) ) . _
Sensitivity: =+-(0.2% of reading +-0.05% DF) the balance point is approached. It has p.rowsnon for 2:1ermmal, 3
Maximum Voltage to Unknown terminal, and 4-terminal measurements, which are essential for accu-
g'g 82‘(’)5”‘(5 at 12? <ps rate measurement of capacitors with medium, low, and high capaci-
-C: O- v (external) B
Null Detection tance valves, respectively.
?‘2{"‘” GBG!;O"O'E;“‘l"“' to W The Model 1W1 Capacitance Bridge will not cause degradation or
te - > . . . . . . .
pow:r':gpu'” S failure in capacnto.rs during test, as is the case in many conventional
105-125v, 60 cps, 15w bridges and test circuits. The 120 cycle a-¢ voltage, applied to capac-
Case ! itors under test from a built-in source, never exceeds 0.5 volt! It is
Sturdy Aluminum Cabinet with i ly d- larizi I |_| .
Blue Textured Finish, Grey Panel usually unnecessary to apply d-c polarizing voltage to electrolytic
Dimensions capacitors because of this safe, low voltage.

12" Wide x 12" High x 6" Deep

Nofe: Five other models, with varictions in power For complete technical data on this precision instrument, write for Engineering
inputs and test frequencies, are also available Bulletin 90,010 to Technical Literature Section, Sprague Electric Company,
35 Marshall Street, North Adams, Massachusetts.

ELECTRONIC PRODUCTS by SPRAGUE

B AL
CAPACITORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE 5 s p R n G U E

RESISTORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS
MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES THE MARK OF RELIABILITY
TRANSISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL CIRCUITS

‘Sprague’ and '@’ are registered trademarks of the Sprague Electric Co.
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Circuit
Designers!

Choose
CAMBION®
computer

modules from

the start

...FOR EASIEST PROTOTYPE DESIGN

CAMBION modules are built'to make a designer’s life
easier by eliminating guess work. That’s why they all have
these physical characteristics that save you time and money
in early design and prototype work — and in production!

@ Standard 7-pin miniature bases—use them for plug-in
or printed circuits.

® Distinctive color-coding — you can tell each module’s
function at a glance.

® Compactness — all modules require only 0.35 cu. in.

® Uniform size — easier arrangement in circuits without
juggling.

o Full range of types— Flip-flops, And Gates, Or Gates,
Inverters, Buffer Amplifiers, Level Triggers.

® New Circuit Trial Case specifically for CAMBION
modules, lets you set up and check out any circuit ideas
-— change loads and connections with ease,

...AND BEST PERFORMANCE

CAMBION modules have a unique combination of
dynamic characteristics, too. All units are compat-
ible, and operate at up to 10 MC. They are built with
MIL approved components, and surpass MIL en-
vironmental standards. Every CAMBION module is
tested and monitored for 500 hours under dynamic
conditions. That’s your assurance of reliable per-
formance — in any circuit! Contact CAMBION for
full details or for application assistance. Write
Cambridge Thermionic Corporation, 437 Concord
Avenue, Cambridge 38, Mass.

@ CAMBRIDGE THERMIONIC CORPORATION g
AMBIO)N

The guaranteed electronic components P
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scopes and other instruments can
eliminate the need for employing
potentiometers, which are usually
required to adjust to the desired RC
constant.

CIRCLE 304 ON READER SERVICE CARD

Preamplifier
FOR TELEMETRY USE

VITRO ELECTRONICS, 919 Jesup-Blair
Drive, Silver Spring, Md. The
Nems-Clarke SSP101 is a low noise
solid state preamplifier with a
maximum noise figure of 4.5 db, a
gain of 25 db minimum, and is flat
across the band at 3 db. It is de-
signed for the 225-260 Mc telemetry
range. The SSP101 weighs 19 oz,
can be used in any environment and
is mounted at the antenna or di-
rectly at the coax cable.

CIRCLE 305 ON READER SERVICE CARD

Crystal Switch

AMERICAN ELECTRONIC  LABORA-
TORIES, INC., Richardson Road, Col-
mar, Pa. Model SNB152A vhf/uhf
crystal switch covers the frequency
band from 20 Mc to 1,000 Mc with
an insertion loss no higher than 3.5
db.

CIRCLE 306 ON READER SERVICE CARD

Capacitor Banks

48,000 JOULES
PLASMANETICS CORP., 3086 Clare-
mont Ave., Berkeley 5, Calif. Each

bank consists of 16 capacitors
which deliver a current of 2.5

electronics




mare usable | p—— ——
SeﬂSlthlty Gertsch General Purpose RatioTran”

10mcto
44.000 me NOW...A LOW=COST

IN ONE TUNING HEAD AC INDUCTIVE

VOLTAGE DIVIDER
—ACCURATE T0 0.001%

r 9BOQ90Q -

PANORAMIC'S
SPA-4a B
SPECTRUM
ANALYZER

Band RF SENSITIVITY®

1. 10- 420MC  —100 to—110 dbm
2. 350- 1000MC — 95to—105 dbm
3. 910- 2200 MC  —100 to—110 dbm
4. 1980 - 4500 MC — 90 to—100 dbm
5. 45 -10.88 KMC — 90 to—100 dbm
6. 10.88 - 18.0 KMC — 85 to-—100 dbm
7. 180 -26.4 KMC — 70 to— 90 dbm
8. 26.4 -440 KMC — 60to— 85dbm
“\h;amn-.-d when signal and noise cqual 2X
noise

Using one tuning head which contains one
triode and two Klystron oscillators, Model
SPA-da offers more exclusive advantages

e Rty ceuraey, In addition to the high accuracy, unit features high input
i«:ﬁ%‘ﬁ”‘g:}éﬂ%g'&?']%'.‘fl%‘i;}i‘s’"sc;'ufh'?e".::pﬁg impedance, low effective series impedance, and very low
‘I’:%ezzgmdtbhlésﬁg:‘cyl% db power." fwo in- phase shift. _You_get characteristics comparable to those of
tinuously adjustable —0—70 me and 05 me. more expensive instruments, in a Gertsch-quality unit.

Negligible internal frequency modulation
permits narrow hand analvsis of FM prob.

lﬁ"s's’o khc"“'-"»'%'.fsh' .t..fi."!’..“".‘i;;{.'ﬁg.cg“}'.;‘.elm: 5-decade transformer switching. Instrument is ideal fo
e o, frot yomeH checking servos and resolvers...for voltmeter calibration,
differcnces. A self-contained marker oscil- ] q
lator, modulated by a calibrated external computer testing, and transformer turns ratio measurements.
B, Bl Seinle RG]
Tremendous fleaibility and many unique ad- Compact SiZe——On]y 3'/) inches hlgh. Designed for bench
vances of Panorainic’s compact R1'A-da make 3 . - . .
:{E‘,""‘IB}],’I'“]‘:‘-‘;-]";‘}(] fg;,,;l'l-*lg;}j,-\_“:'"ﬂlgglg;g?',”;;g‘j\- mounting, and easily adapted to half-rack mounting with
seillators; ise  spectra s detect 7 5 il
garn(;}tlt'«l:‘g:u('lill:ot‘);‘ ha:!:xllsx'l:.z' Ol(ltll'l‘ll(\':oly':ld:(l‘:‘ bl aCketS flll nlSh(‘d.
systems and other signal soutees, 9 o .
Write, wire or phone today for Send fO?' literature on the RT-60 Series.

detailed SPA-da bulletin,
A

Pal;;)?;lmic -::627/1 lf.%% -

electronics,inc. GERTSCH PRODUCTS,
3211 South La Cienega Boulevard, Los Angeles 16, California/UPton 0-2761 - VErmont 9-2201

Formerly Panoramic Radio Products Inc.

'I‘\ : MT-V \\ ' 2
Cahle: l'anoramm. Mt \'mnon. N.Y. State
CIRCLE 216 ON READER SERVICE CARD
December 15, 1961 CIRCLE 93 ON READER SERVICE CARD 93




14

o

ENVIRONMENT
FOR

In GCA equipment, LFE
can point to many developments,
from the first portable precision
approach radar to the advanced AN/TPN-12 now supplied
to the U. S. Air Force. Like its predecessors, AN/TPN-12 is
lightweight and portable by truck, ship or helicopter. It can
be erected and operating in 214 hours, and has proved reliable
under the severest field conditions. With only normal main-

tenance, service life is over 2500 hours.

Like all LFE achievements, this tactical GCA system
is the product of inventive minds encouraged by free inquiry,
company-financed research, easy communications, and man-

agement that knows its technology.

If you feel vour abilities would find fuller expres-
sion in this environment, please contact us now about
new opportunities in:

SYSTEMS, EQUIPMENT & COMPONENTS

Airborne Navigation for Automatic Controls
Radar and Surveillance Ground Support
Electronic Data Processing

Excellent opportunities are also available
at our Monterey, California Laboratory

Write in complete confidence to:
C. E. Fitzgerald
LABORATORY FOR ELECTRONICS
.S 1079 Commonwealth Avenue
Boston 15, Massachusetts

All qualified applicants will be considered for employment
without regord to race, color, creed or nationol origin.

data recorders
expensive?

l not any more

now, Mnemotron gives
you a complete, easy-
to-use 4-channel analog
tape record/reproduce
system with 0.2% precision

for only $3’495

Complete with 102" reel tape
transport, rack mounted.

AMnemotron offers a unique pulsed
FM principle and fully transistor-
ized, self-contained unit 1hat records
all analog data « data acquisition *
storage, analysis and reduction
time scale coniraction and expansion
- programming * computer read IN
and read OUT « dynamic simulation.
With Mnemotron, you can dn more
with paper recorders . . . expanding
frequency response and channel ca-
pacity, saving you from being deluged
with data. permitting vou to louk at
the same data at different time scales.
Model M204 features:

Any 2 adjacent speeds: 334, 72, 15 ips.
Added low speed available on special order.

Frequency Response:

® DC—800 cps @ 15 ips

® DC—400 cps @ 7V2 ips

® DC—200 cps @ 3% ips

Linearity: 0.2% full scale.

Noise: less than —50 db full scale.

Crosstalk: below 70 db.

Extended range systems also available.
Write, wire, phone today for

complete details.

MNEM ™ TRON

. CORPORATION

precision analog data tape re-
corders and hiological computers
37 South Main Street, Pearl River, N. Y.
® ‘phone: PEarl River 5-4015 (914)
® Cobles: Mnemotton

CIRCLE 217 ON READER SERVICE CARD
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megamp at 20 Kv in 3 psec pulses.
Charging time is less than 1 minute
for each unit. As many as 60 sepa-
rate banks can be connected in par-
allel, raising total energy output to
3 % 10° joules. Amperage increases
as the square root of the energy, so
currents of 2.4 x 10" amp are ob-
tainable from these standard units.

CIRCLE 307 ON READER SERVICE CARD
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TANTALUM PELLET -

Tantalum Capacitor
SOLID, POLARIZED

GOOD-ALL ELECTRIC MFG. CO., Ogal-
lala. Neb. Type 901 solid polarized
tantalum capacitor features high
quality and long, reliable life. Rat-
ings are from 0.0047 to 330 uf and
6 to 35v d-c. Environmental charac-
teristics meet MIL-C-26655A. They
come in 4 subminiature case sizes
and temperature range is — 55 C
to + 125 C. Dissipation factor is 6
percent. Type 901 is suited for tran-
sistor, missile, communication, or
similar circuitry.

CIRCLE 308 ON READER SERVICE CARD

Voltage Reference
100 DB ISOLATION

CIRCUIT DYNE CORP., 480 Mermaid
St., Laguna Beach, Calif. Isolation
from line voltage changes in the
order of 100 db is a feature of the
tvpe PR1 solid-state voltage refer-
ence supply. Unit is available in

In more ways than one. Stacked reels, a 3-stacked recording head, and an economy of
size which would enable you to stack more than forty of these miniature tape recorders
into a cubic foot of space. m Using less than 1 watt of power, the Precision Model

models to accept both 115 v and 6.3 PS-303M records an hour of voice frequency data on a single reel of tape. it operates

v inputs, from 50 to 400 cps. Out- guietly, weighs just a few ounces, incorporates an 8-transistor, 2-diode electronics

puts may be specified at 5.9, 8.6, circuit. w The space-saving reel design is the same used in Pl instrumentation mag-

11.0, 14.5, 17.2 and 22.0 v, nomi- netic tape recorders. It is one of the many advanced features which enable all Pl instru-

nally. ments to offer full-size performance in a fraction of the space. Write for our new short-
CIRCLE 309 ON READER SERVICE CARD form catalog for details.

101l Commerciali Street + San Carlos California
Phone LYtell 1-444¢ . TWX: SCAR BEL 30
Representatives in principal cities throughout the world

Harmonic Generator

TELONIC INDUSTRIES, INC.,, Beach
Grove, Ind. Wide-range harmonic
generator can produce birdy mark-

@ PRECISION INSTRUMENT COMPANY

CIRCLE 95 ON READER SERVICE CARD-> i
P. 1. Invites inquiries from senior engineers seeking a challenging future.
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still waiting for your pots?

Are your pot delivery schedules ﬁgured in weeks instead of days?
If you're a member of the Pot Waiter's Club, read on:

At ACE, we fully inventory all parts for our complete standard
line! And when a pot has to be made from scratch — we cut time
there, too. All raw materials are warehoused, and a complete
machine shop. including Swiss screw machines, is maintained. Qur
special prototyping department lops the time off
special requirements.

Prepared engineering releases and part prints for
standard pots await your incoming order. That’s why,
within hours after receipt, your order for standards
is into manufacturing! So specify [rom Ace's com-
pre]’lensi\'e line of standards, in full resistance ranges,
sizes, configurations and functions. Your “special
spec’ is probably among our standard line — and
that means time and money saved for you!

This 1-1/16” ACEPOT®, typifying the entire standard line, is

available on prompt delivery!

ELECTRONICS ASSOCIATES, INC.
99 Dover Street, Somerville 44, Mass.
SOmerset 6-5130 TMX SMVL 181 West. Union WUX

Acepot® Acetrin® Aceset® Aceohm® *Reg. Appl. fo

CIRCLE %6 ON READER SERVICE CARD

ers up to several hundred times its
fundamental oscillation.
CIRCLE 310 ON READER SERVICE CARD

Motors
LIMITED ROTATION

POWER-TRONIC SYSTEMS INC., Pine
Court, New Rochelle, N. Y. Series
90 limited rotation motors are high
efficiency current to torque trans-
ducers which have no wiping con-
tacts. The angular rotation limits
can be varied =5 to =25 deg from
a central position. Units are avail-
able in flange or front face type
mounting for clamps or screws.
Present units range from 0.1 in.
oz for the size 15 motor to 2 in. oz
for the size 23 motor. They are
useful in ultra-low friction direct

. drive instrument and control appli-

cations.
CIRCLE 311 ON READER SERVICE CARD

Radar Transponder
SMALL AND LIGHT

AERO GEO ASTRO CORP., 1200 Duke
St., Alexandria, Va. The AGA
S/T-CV S-band (2,700 to 2,950 Mc)
radar transponder is built to oper-
ate in typical missile environments.
Features are its crystal video re-
ceiver and the fact that it is com-
pletely transistorized except for the
ceramic triode transmitter tube. It
measures 37 by 54 by 6% in. and
weighs 5.8 1b. It has a receiver
sensitivity of —40 dbm over the
frequency range and a transmitter
output of 3 w minimum.

CIRCLE 312 ON READER SERVICE CARD

Variable Attenuator

INTERNATIONAL TELEPHONE AND
TELEGRAPH CORP,, Industrial Prod-

electronics



Proven =
performance
in the most -
severe
environments!

041 6,

rre

® Wide Range of Fixed Resistors

fie=———-

e Flat and Stack Mounting Power Resistors

H-H “Gray Line” precision
made resistors are available in
a wide range of types...incor-
porate design and construction
features that assure dependable
performance in critical applica-
tions. Non-crazing and high
temperature enamel, stronger
core, welded wire connections,
higher shock resistance and im-
munity to salt spray and hu-
midity insure high reliability.
“Gray Line” fixed, fer-

rule, axial and adjust- i osith
able resistors comply SWEET'S
with MIL-R-26 specifi- -
cations,

HARDWICK
HINDLE-INC

40 Hermon St., Newark 5, N. J.

Sold thru Authori.zed
Distributors Coast-to-Coast
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power alone
is not enough...

it's the ultra low distortion — .005%
in this audio amplifier
that makes the big difference!

Here’s a fifty-watt power amplifier with harmonic and intermodulation
distortion of less than .005%. Distortion so low — you’d need special
equipment to measure it!

That's why the UF-101A is a natural as a reference source, with a
suitable oscillator, for low distortion measurement of power com-
ponents, as well as a highly linear amplifier within the audio band.

The other characteristics of the UF-101A are equally outstanding.
Phase distortion is negligible — = 2° maximum deviation from linear
phase shift. Total hum and noise level less than 10 microvolts input
equivalent. Frequency range is from 20 cps to 20 kc. For convenience,
the UF-101A has taps for matched load impedances from 1 to 225 ohms.

Some of the applications of this ultra-low distortion amplifier are:
checking the residual distortion of distortion-measuring equipment,
reproducing non-sinusoidal wave forms faithfully, and as an ultra-low
distortion, high power source to supply test benches. Write for full
information on the UF-101A.

Other Krohn-Hite amplifiers include the direct-coupled, wide band
DCA-10 (10 watts), and DCA-50 (50 watts). Also, Krohn-Hite Oscil-
lators, Filters and Power Supplies.

KROHN-HITE CORPORATION

580 Massachusetts Avenue + Cambridge 39, Mass.
Pioneering in Quality Electronic Instruments
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NEW ~
ERA’S TRANSFORMER
_ SIMULATOR

bl 5

.\

SIMULATE ALL TYPES OF POWER AND

CONTROL TRANSFORMERS ON THE LAB BENCH

The new TS-460 Transformer Simulator, designed for laboratory, indus-
trial and test purposes, offers the engineer the convenience and flexi-
bility of simulating all types of single or multi-output transformers on
the laboratory bench. The equivalent of a wide variety of multi-winding
transformers, the TS-460 provides four independent plug-in secondaries,
each of which may be replaced or interchanged supplying individual
outputs from 5 to 1500 VAC in 11 ranges. All secondaries are inde-
pendently adjustable from zero to any value within the coil rating. They
may also be interconnected in any desired series or parallel arrangement
for voltages from zero up to 6000 VAC at up to 250 VA.

Four secondaries (values: 10, 100, 400, 1500 VAC) are provided with each
instrument, and other values are available as accessories. Both primary
and secondary AC voltages may be read with the builf-in metering circuit.
All coils are center-tapped, and maximum rating per coil is 60 VA. Trans-
former input is 50-1000 cps, and provision is also made for square-wave
or non-sinusoidal primary inputs.

Price: (Complete with 4 secondaries) $425.00 (F.0.B. plant)

SPECIFICATIONS

Input: 115 VAC nominal, 50-1000 cps

Output Power: 60 VA per secondary, 250 VA total
Secondary Ranges: 11 total, 0-5 VAC to 0-1500 VAC
Regulation per Secondary: 10% for 10-100% load change
Metering: Primary and secondary AC voltages

Meter Range: 0-15 VAC x 1 x 10 x 100

Size: 10" x 17" x 8"

Secondaries may be used in parallel or series

Provision for square wave or non-sinusoidal inputs
Additional Coil Accessories—$15.00 each

Write for Catalog #125

ELECTRONIC RESEARCH ASSOCIATES, INC.

Laboratories and Factory: 67 Factory Place, Cedar Grove. New Jersey CEnter 9-3000

Subsidiaries: ERA Electric Co. e ERA Dynamics Corporation e Advanced Acoustics Co.
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ucts Division, San Fernando, Calif.
Type RT-1 variable attenuator has
a range of 0 to 60 db to an accu-
racy of =2 db over the frequency
range of 0 to 3,000 Mec.

CIRCLE 313 ON READER SERVICE CARD

Shaft Position Encoder
MINIATURE UNIT

DATA TECH, 238 Main St.,, Cam-
bridge 42, Mass. The Vernisyn
model VMI 15-216 digital shaft po-
sition encoder provides a 16 bit ab-
solute readout of shaft position to
an accuracy of =/ bit in a single
turn in a 1} in. diameter by 2 in.
package including electronics. This
model provides an output in the
form of fine and coarse pulse trains
on separate lines such as to provide
a complete angular position answer
with respect to a reference radius
every 10 millisec.

CIRCLE 314 ON READER SERVICE CARD

SOLID STATE

COMPONENTS CORP., 106 Main St.,
Denville, N.J. The DCU-100 will
count at speeds from d-c to over
200 Kc with a double pulse resolu-
tion of less than 3 usec. Four tran-
sistorized binaries with diode steer-
ing provide staircase output to
drive directly an inexpensive D’Ar-
sonval readout meter. An appropri-
ate carry pulse output will drive
another DCU-100 directly, so that a
counting chain can easily be as-
sembled. Each DCU-100 requires
less than 10 ma at 6 v for opera-
tion.

CIRCLE 315 ON READER SERVICE CARD
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DEVELOPMENT
& AEROSPACE
SPECIALISTS

International Electric, Systems
Managers in the design and de-
velopment of a variety of ad-
vanced, large-scale, electronic
systems, seeks specialists in two
areas.

Development Specialists, with at
least six years’ association with
large projects. They will evolve
requirements for systems users
in such areas as air traffic con-
trol, ASW, satellite control and
command/control systems, and
for work in information re-
trieval, man/machine communi-
cations and advanced computer
utilization.

Aerospace Specialists, for inte-
gration of command/control sys-
tems with weapons systems.
Please send resume to Manager
of Technical Staffing, Dept. EL

INTERNATIONAL
ELECTRIC
CORPORATION

An Associate of International
Telephone and Telegraph Corporation

Rte. 17 & Garden State Parkway
Paramus, N. J.

An equal opportunity employer.

INSERT COMPONENTS FASTER

With Dynasert you can insert compo-
nents in PW boards up to 10 times faster
than by hand. The Dynasert inserting
machine feeds, cuts and bends leads, in-
serts and dinches all types of axial lead
components. Practical even for sample
runs. Find out more. Call or write Mr.
D. R. Knight, Dynasert, United Shoe
Machinery Corp., Boston 11, Mass.
Area Code 617, Liberty 2-9100.

Alnited,
DYNASERT.
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one of aseries EXPLORING THERMISTOR APPLICATIONS

A little thermastor
makes a big difference in many
thermal conductivity instruments

Place two small bead thermistors in a bridge circuit where enough current
flows to heat them to 150° C, and vou’ll find you have an instrument for
the measurement of many diflerent physical phenomena. For example:

GAS ANALYZER — Place the thermistors in small cavities filled with
indentical gases, and balance the bridge by varying the setting of “A\”.
A change in the gas in one of the cavities will either raisc or lower the re-
sistance of the thermistor because of a change in the thermal conductivity.
This will unbalance the bridge and give a rcading on a meter.

FLOW METER — Seal a thermistor in a cavity, and place the other thermistor
in a pipe. Balance the bridge when there is no flow through the pipe. When
the flow starts, the resistance of the thermistor changes, and the bridge
becomes unbalanced.

ANEMOMETER — Design the instrument with a sensing thermistor held
in free air, and it will be capable of measuring air velocity from the slightest
breeze to a gale.

VACUUM GAUGE — Place one of the thermistors in an evacuated bulb and
the other in a chamber connected to a vacuum pump. Pump the chamber
down to a high vacuum, and balance the bridge. A reading can be obtained
when the chamber is not a high vacuum because the presence of air will
cool the thermistor and raise its resistance.

Thermistors can be used in many other circuits to great advan-
tage. For details, application assistance and new Thermistor
Catalog EMC 4, write:

Lenwal Electronics' new, modern production facility and offices
mean better service and belter products for you.

63 FOUNTAIN STREET
FRAMINGHAM, MASS.

CIRCLE 101 ON READER SERVICE CARD
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MESUR-MATIC'S

[ /INO'G

red and green lights which clearly indicate cither a “GO”
tolerance) or “NO-GO” (out of tolerance) condition.

PRODUCTION LINE
TEST EQUIPMENT

The unique Mesur-Matic line of GO/NO-GO test equipment makes
it possible to establish inspection tolerances to extremely precise
limits and yet utilize non-technical operator personnel. Errors of
interpretation are completely eliminated by means of the flashing

are available for either rack or bench mounting.

TRANSFORMER TESTER

The Mode! TT-1-P56 is designed for pre-
cision evaluation of 50 and 60 cycle
power transformers in the 1 to 1000
YAC range. Under actual operating
conditions, each winding is tested
against every other winding and the
frame, to pre-established inspection
tolerances. The voltage accuracy of each
secondary and tap is individually indi-

cated by means of the GO/NO-GO

lights. Also available are testers for RF
und audio transformers and 400, 800

{within

All models

_////

and 1200 cycle power transformers.

DC COMPARATOR

',
’
"y
'y, '8 -
.

= Y E .
. &;ﬁ--’
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- .

IMPEDANCE COMPARATOR

The Model IC-1-LMN may be
used not only for the precision
testing of individual components
but also for resistor-capacitor
and resistor-inductor networks.

The Mesur-Matic DC Compara-
tor is designed for use as a
‘'mid-line’* comparison unit,
making it possible to control test
parameters to extremely precise
limits without the need for com-
plex, expensive equipment. The
unit may be used to monitor
flow rates, pressure, AC or DC
voltage and current levels, fre-
quency, temperature, humidity
or any action which can be
measured electrically through
the use of transducers.

P - _ !
(T1® e — ™
1 4 4 neseny *

- & L3 ‘ "
<S5 - o . 'f. BESEGY M5 nany gy

(3

Mesur-Matic makes available still other equipment for a wide range-
of precision-test applications on the production line and in the lab.
Circle the reader service card number below for complete data.

MESUR-MATIC ELECTRONICS CORP.

BRADFORD.
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PRODUCT BRIEFS

SERVO ACTUATOR electro-hydraulic.
Western Design & Electronics,
Santa Barbara Airport, Goleta,
Calif. (316)

VERSATILE INK for plated circuits.
Naz-Dar Co., 461 Milwaukee, Chi-
cago 10, I1l. (317)

TRANSISTOR CIRCUIT-MOUNT offers
complete flexibility. Sanders Asso-
ciates, Inc., 95 Canal St., Nashua,
N. H. (318)

PULSE TRANSFORMERS subminiature.
Valor Instruments, Inc., 13214
Crenshaw, Gardena, Calif. (319)

SINGLE CRYSTALS ammonium dihy-
drogen phosphate. Electro-Cer-
amics, Inc., 2645 South 2nd W,
Salt Lake City 15, Utah. (320)

DYNAMIC ANALYZER analog record-
ing. Digital Dynamics, Inec., 4201
Redwood Ave, Los Angeles 66,
Calif. (321)

SCREEN PRINTING CHASE controlled
stretch. Kay-Ess, Inc., 8 North St.,
Danbury, Conn. (322)

D-C INTEGRATING SERVO high sta-
bility. Kearfott Division, General
Precision, Inc., 1150 McBride Ave,,
Little Falls, N.J. (323)

INSTRUMENTATION CART 16 in. wide,
32 in. high, 32 in. long. Atlantis
Metal Products Division, P.0O. Box
451, Garland, Texas. (324)

INDICATOR TUBE operates off tran-
sistors. Amperex Electronic Corp.,
230 Duffy Ave., Hicksville, L.I.,
N.Y. (325)

DIGITAL RECORDER multichannel. By-
trex Corp., 50 Hunt St., Newton,
Mass. (326)

CRYSTAL DETECTOR operates from 1
to 12.4 Ge. Alfred Electronics, 3176
Porter Dr., Palo Alto, Calif. (327)

PHOTOMULTIPLIER #-inch. Westing-
house Electronic Tube Division, El-
mira, N.Y. (328)

UHF TV TRANSLATOR 20-watt unit.
Adler Electronics Inc., One LeFevre
Lane, New Rochelle, N.Y. (329)

MICROMINIATURE PGT 0.03 0z. Minia-
ture Electronic Components Corp.,
Holbrook, Mass. (330)

electronics



ANYWHERE
IN THE
NATION

ELECTROLYTIC

PAPER TUBULAR
CONDENSERS

*35 YEARS OF PROVEN
DEPENDABILITY”

COSMIC CONDENSER CO.

853 WHITTIER STREET, BRONX, N. Y
LUdlow 9-3360
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micro-miniature

. toggle
switches

~00m3

B
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03811 et
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Shawn actual size DESIGNED FOR
“LIMITED SPACE’' PROBLEMS

5 AMPS @ 115 VAC — ond capable of
carrying o 100% averiaad!

SOLID SILVER — cantacts, terminals ond
moving poarts! Nat just plaoted]

LONG LIFE RATINGS — aver 80,000
aperations for this tiny switch!

MICRO-MINIATURE — S.P.D.T. is sub-
miniaturized to anly ¥3” x %” x Vi”I

al.,..z..‘.., ;J.DJ. :Auu. LARGER QUANTITY PRICES
; 1.65 $2.15
2590 112 143 | AVAILABLE ON REQUEST
100499 .99 129 In use by aver

1000 manufacturers

AL EC O oot e,

3 Wolcott Ave,, Lawrence 31, Mass

® Color-Coded Handle Inserts

COMING ® Weather-Proof Rubber Seals

SOON ® Momentary Toggle Switches
® Center-Off Toggle Switcher
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The Lincoln Laboratory program for ballistic
missile range measurements and penetration
research includes:

EXPERIMENTAL RESEARCH

Measurements and analysis of ICBM flight phenomena for
discrimination and for decoy design purposes, including optical,
aerodynamic and RF effects.

SYSTEM ANALYSIS

Studies to apply research findings to advance the technology
of ICBM and AICBM systems.

INSTRUMENTATION ENGINEERING

Designing radar, optical and telemetry equipment with which
to measure ICBM flight effects under actual range conditions.

RADAR SYSTEMS RESEARCH

Extending the theory and application of radar techniques to
problems of discrimination, countermeasures and performance
in a dense-target environment.

HYPERSONIC AERODYNAMICS

Study of the flow-fields around re-entering bodies for various
body designs and flight conditions. Excellent computer facilities
available,

RADAR PHYSICS

Theoretical and experimental studies in radar back-scattering.
Interaction of RF radiation with plasmas.

o A more complete description of the Laboratory’s
work will be sent to you upon request.

All qualified applicants will receive consideration for employment without

regard to race, creed, color or national origin.

Research and Development

LINCOLN LABORATORY

Massachusetts Institute of Technology

BOX 27
LEXINGTON 73, MASSACHUSETTS
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Tyne FC-4-250
4p-DT
(Military designation RY4LB3B3L01)

DY HG&

Type FC-6-250

6P-0T

(Military designation RYALC3B3LO1)

RELAY
RELIABILITY

PIONEERS

OF THE
SPACE
AGE

Redstone . . . Minuteman . . .
Hawk . . . Bomarc . . . Polaris
. . and dozens of other ground and
airborne equipment programs have bene-
fitted from the time proven reliability of
Struthers-Dunn FC-4 (4P-DT) and FC-6 (6P-DT)
subminiature hermetically sealed can relays.
Full quality control extends from incoming materials
to finished units. They’re made and assembled under
spotlessly clean, rigidly controlled environmental con-
ditions. Exacting performance to MIL-R-5757D specifications
is doubly assured by constant checking in Dunco’s quarter of
a million dollar in-plant test laboratories. Greatly expanded
facilities assure fast deliveries on both standard and special units,

Write for Data Bulletin FC.
STRUTHERS-DUNN, Inc., Pitman, New Jersey

STRUTHERS-DUNN

5,348 Relay Types

Sales Englaeering offices In: Atlanta « Boston « Buffalo » Charlotte « Chicago « Cincinnati « Cleveland
Dallas « Da(ton « Denver + Detroit « High Point  Kansas City « Los Angeles « Montreal « New York
Orlando « Pittsburgh « St. Louis « San Carlos « Seattle « Toronto « Export: Langguth-Olson Co., New York
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Literature
of the Week

POWER SUPPLY Deltron Inc., 4th &
Cambria Sts., Philadelphia 33, Pa.
Bulletin DP 2026 A gives a detailed
description of the DIPAC dissipa-
tionless power amplitude control
power supply. (331)

R-F FILTERS Genistron, Inc., 6320 W.
Arizona Circle, Los Angeles 45,
Calif., has released the 52-page
catalog F-101 on a line of standard
radio interference filters. (332)

EPOXY CASTING RESIN Emerson &
Cuming, Inc., Canton, Mass. Pre-
liminary technical bulletin covers
Stycast 1264, a transparent high
impact epoxy casting resin. (333)

MICROWAVE FILTERS Watkins-John-
son Co., 3333 Hillview Ave., Palo
Alto, Calif, A technical bulletin
illustrates and describes the WJ-501
electronically-tuned microwave fil-
ters. (334)

COMPONENT END SEALING Epoxy
Products Division, Joseph Waldman
& Sons, 137 Coit St., Irvington 11,
N.J. An information bulletin tells
how to end seal electronic com-
ponents for environmental protec-
tion. (335)

THERMOCOUPLE SELECTOR BOARD
Smith Thermotronics, Inc., Consho-
hocken, Pa. TSB-1, a wall mounting
sample board, provides quick selec-
tion of thermocouples. (336)

TRANSISTORIZED RELAY General
Electric Co., Schenectady 5, N. Y.
Bulletin GPC-B49 describes the
CR120F transistorized sensitive
relay. (337)

ASSEMBLIES & HARNESSES Micro-
dot Inc., 220 Pasadena Ave., South
Pasadena, Calif. Assemblies and
harnesses for miniaturized coaxial
circuitry are described in bulletin
A&H-1. (338)

NON-ENVIRONMENTAL CONNECTORS
Consolidated Electrodynamics
Corp.,, 360 Sierra Madre Villa,
Pasadena, Calif. Features of the
series 610, 710, and 810 tiny non-
environmental connectors are de-
scribed in a 10-page bulletin. (339)

AUDIO-VISUAL PRESENTATION
AVDOC, a division of Conductor-
lab, Inc., Groton, Mass., announces

electronics



a d-page brochure on its capabili-
ties and the availability of its serv-
ice in the area of audio-visual
presentation. (340)

SUBMINIATURIZATION Tri-Lab
Electronics, Inc., 4319 Twain Ave,,
San Diego 20, Calif. A brochure on
subminiaturization products and
services is available. (341)

H-V RECTIFIER ASSEMBLIES  Micro-
Semiconductor Corp., 11250 Playa
Court, Culver City, Calif. Bulletin
106 describes a line of high voltage
rectifier assemblies. (342)

INSTRUMENTATION Empire Devices
Inc., Amsterdam, N.Y. Catalog 614
presents the company’s standard
equipment including noise and field
intensity meters, instruments for
microwave systems & components,
radar interference blankers. (343)

ANALYZING INSTRUMENTS  Allison
Laboratories, Inc., 11301 Ocean
Ave., LaHabra, Calif. Catalog 860
illustrates and describes a line of
analyzing instruments including
model 201 variable filter. (344)

H-V SOURCES Smith-Florence Inc.,
4228 Twenty-Third Ave., West, Se-
attle 99, Wash. A d4-page folder
illustrates and describes a line of
d-c regulated power sources from
0 to 20,000 v. (345)

AUTOMATIC DIRECTION FINDER Mar-
coni’s Wireless Telegraph Co. Ltd.,
Marconi House, Chelmsford, Eng-
land. Bulletin TD271 deals with the
model AD 360 fully transistorized
automatic direction finder. (346)

RELAY TESTER Electronic Engi-
neering Co. of California, 1601 E.
Chestnut Ave., Santa Ana, Calif.
Catalog sheet contains features and
specifications of model RT-905 re-
lay tester. (347)

VHF PREAMPLIFIERS Community
Engineering Corp., State College,
Pa. Bulletin covers a line of vhf
ultra-low-noise preamplifiers.(348)

SHIFT REGISTERS Epsco-Compo-
nents, 275 Massachusetts Ave.,
Cambridge 39, Mass., offers a 4-
page brochure on a line of standard
magnetic shift registers. (349)

TANTALUM CAPACITORS Ohmite
Mfg. Co., 3695 Howard St., Skokie,
I1l. Cross-reference lists, in alpha-
numerical order, the wet-electro-
lytic slug and foil tantalum capaci-
tors of other manufacturers along
with Ohmite equivalents. (350)
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Model GFD-3
Subcarrier Discriminator

Model GFD-4
High-Frequency Discriminator

Modular Accessories:

Model Model Model

GFD-3/TASL GFD-3/TSL GFD-3/TU/LSM GFD-3/TUA

Optimum phase lock tracking!
——Just one reason

you can’t beat DCS Discriminators!

COMPARE THESE DCS FEATURES:

e Super reliability — MTBF in excess of 5000 hours!

e Optimum phase-locked tracking — operator controlled.

e Widest frequency range —subcarriers to 1 mc.

e Maximum adaptability — widest variety of modular accessories.
e All solid-state — individual power supplies.

e YET — priced below many models with inferior performance!

Don’t just take our word —ask our customers, who are actually using
thousands of DCS Discriminators!

For example, consider reliability. Actual field data gathered by
users has shown MTBI in excess of 5000 hours! What’s more, we
guarantee our MTBF data!

Also, DCS offers operator-controlled variable-loop tracking filters.
Unlike inferior discriminators which are limited to a pre-set loop
bandwidth and damping (claimed “optimum™), DCS Discrimina-
tors permit complete operator control in adapting characteristics
of the phase-locked loop for truly optimum data reduction. A bench
demonstration will quickly prove the superior performance possible
with operator control. Numerous comparative customer evaluation
reports attest to the superiority of the DCS operator-controlled
phase-locked loop when signals are extremely weak.

The DCS family of discriminators offers the widest frequency
ranges available. Discriminators to accommodate subcarriers in ex-
cess of 1 mc, intelligence frequencies in excess of 100 k¢, constant-
bandwidth, frequency translation, and predetection signals are
standard, off-the-shelf products.

For complete information on the entire family of DCS Discrim-
inators and accessories, call your nearest DCS Field Engineer or
write: Dept. E-8.

DATA-CONTROL SYSTEMS, INC. \ !
Dnatnumentation for Research p== g

Los Angeles ¢ Santa Clara » Wash., D. C. » Cape Canaveral
Home Office: E. Liberty St., Danbury. Conn. ¢ Ploneer 3-9241
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PEOPLE AND PLANTS

Transco Building Larger Facilities

TRANSCO PRODUCTS, INC., manufac-
turer of microwave systems and
components, fractional h-p motors,
and aireraft communication-navi-
gation equipment, will move into
new quarters at 4241 Glencoe Ave.,
Venice, Calif., next April.

The new facility, currently under
construction on a 4% acre site, will
have 51,200 sq ft of working area,
al] on ground level-—over twice as
much space as the present Transco
plant in West Los Angeles. Facili-
ties are designed for the manufac-

McCord Assumes
New Position

APPOINTMENT of A. Ray McCord as
manager of the surveillance depart-
ment in the Apparatus Division of
Texas Instruments Inc.,, Dallas,
Texas, has been announced. This
department is primarily concerned
with research, design and manufac-
turing of military surveillance and
reconnaissance equipment, includ-
ing infrared and radar systems and

106

ture of high precision products.

The new plant will increase the
engineering area three times, and
provide an extensive microwave
laboratory and new antenna pattern
range. According to M. W. Sawyer,
president, expansion (which follows
by only one year complete modern-
ization and enlargement of the
present plani) was needed because
of accelerated demand for company
products and establishment of com-
pany in two new fields, motors and
aireraft equipment.

low altitude navigation systems.

McCord was formerly production
manager in the division’s manufac-
turing department. In his new posi-
tion he replaces Lee Strom who has
joined TI’s Components Division
as technical advisor in the inte-
grated circuits group.

Diginamics Corp.
Fills Two Posts

DIGINAMICS CORP. of Minneapolis
has appointed two engineers to
executive positions in charge of
special project groups.

Keith J. Bulleyment was named
principal systems engineer super-
vising the special digital systems
group dealing with one-time digital
systems. Edward G. Zoerb was ap-
pointed principal mechanical engi-
neer in charge of the mechanical

engineering group.

Both formerly were associated
with the Aeronautical Division of
Minneapolis-Honeywell Regulator
Co.

Sanborn Establishes
Transducer Division

SANBORN 0., Waltham, Mass., has
established a transducer division
with its own engineering staff and
manufacturing facilities. The divi-
sion will provide individual atten-
tion to the needs of military, indus-
trial and medical equipment users.

A%

Dytronies Hires
Glogowski

STEFAN W. GLOGOWSKI has been ap-
pointed chief engineer for Dy-
tronics Inc., Rochester, Mich.

Dytronics, a subsidiary of Taylor
Fibre Co., Norristown, Pa., makes
die stamped circuits for electrical
and electronic applications.

Prior to joining Dytronics, Glo-
gowski was a project engineer i
the Metal Fabricating Division of
DeVilbiss Co., Toledo, O.

Victor Fong Joins
Clark Semiconductor

VICTOR FONG has been appointed
manager of device fabrication for
Clark Semiconductor Corp., Clark,

electronics



BF SERIES

BATTERY HOLDER

Literally, BF Series Battery Holders are
powerhouses . . . designed for use as highly
stable, panel mounted cell sources of power.
They will accommodate batteries and cells
up to 1 %" diameter and lengths from 1'%.”
to 7%¢”, enabling use of different battery
combingtions to obtain wide selection of
voltages. Batteries are exchanged simply
by unscrewing holder cap. Designed for
mounting up to a 1%” diameter hole and
%" panel thickness.

Inquiries for special battery holder lengths
are invited. Complete data available on
request,

4'...,' e,

. "00?[;10 et g

300 SERIES: * Designed to accommo-
date batteries up to 'U;” diameter and
lengths 1,300 to 5.850.

. -
400 SERIES: « Accommodates batteries
1” to 1% diameter and lengths from
147 to 63", PY 4

500 SERIES:*Accommodates batteries
ranging from 134" to 13%” diameter and

lengths from 23" to 7%,".

SECURITY
DEVICES
LABORATORY

ROCHESTER 21, NEW YORK
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ELECTRONICS DIVISION OF
SARGENT & GREENLEAF, INC,

TONTACT
MDDULATOR

MICRO-MIDGET
CHOPPERS

FROM STOCK!

RATINGS

Drive: 6.3 volts at 60 CPS or 400 CPS

Signal Level: 10 VDC at 2 MA max.

Size: World’s Smallest

Contact Action: SPDT BBM

Temperature Range: — 65°C to -} 100°C

Life: 2,000 hours minimum

Shock: 100 G

.« plus a
noise level down to
0.6 microvolts!

AIRPAX
ELECTRONICS

[od <
ORTTTA

CAMBRIDGE DIVISION . CAMBRIDGE, MARYLAND
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NEW transisToRrizED
WIDEBAND AMPLIFIER
OFFERS MORE PERFORM-
ANCE THAN $200
EVER BOUGHT BEFORE

The NEW transistorized WB-100

wideband amplifier from
Teltronics, Inc.

Here's more performance, less bulk than
you might have thought possible at the

cost:

GAIN: . . . . ... ... 20 db minimum
FLATNESS: . . . ... .... + 1.0 db maximum
BANDWIDTH: , . . . . . .. 1 to 100 mc minimum

INPUT IMPEDANCE: . . Nominally, 50 ohms at 30 mc
OUTPUT IMPEDANCE: . . Nominally, 50 ohms at 30 me

1
I

OUTPUT VOLTAGE: . . 70.5 mv peak into 50 ohm load |
POWER SuPPLY: . . ~3.0 Vdc and —15Vdcor 18 Vdc |

floating BNC connectors

6”1x2"wx 1% h

Problem in solid state electronics? |

TELL IT TO TELTRONICS!

Teltronics, Inc. offers an expanding line
of precision amplifiers designed to meet
your needs . .. plus first-class design and

- |

development brainpower in
such varied areas as circuit de-
sign; custom test equipment
and specials; and complete
system design.

For complete information, please write or call:

T ELTRONICS!

2327 Main Street, Nashua, New Hampshire — TUxedo 2-6264 |

Export Division: EMEC, Inc. Plainview, L. 1, N. Y.
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N.J. He will be in charge of the
production of the company’s high
frequency power transistors.

Before joining Clark, Fong was
an engineer for RCA Semicon-
ductor division, and did develop-
ment work for Bell Telephone Lab-
oratories.

Cooper Accepts
Cimron Post

EBERHARD COOPER, formerly an en-
gineer at Cohu Electronics, Inc.,
has accepted the post of senior elec-
tronic engineer at Cimron Corp.,
San Diego, Calif.

At Cimron, Cooper will assume a
major responsibility in the design
of electronic instruments to aug-
ment the company’s line of d-¢c and
a-c digital voltmeters and volt-
ratio meters.

PEOPLE IN BRIEF

Roy A. Olerud, ex-ITT and Allen
B. DuMont Laboratories, is named
general mgr, of Custom Compo-
nents, Inc., and all its wholly-
owned subsidiaries. Republic Avia-
tion promotes Everett S. Glines to
general mgr. of its missile systems
div. Norwood P. Cassidy, former
Assistant Comptroller of the Navy.
elected president of Servonics, Inc.
Paul Garrison leaves I.T.E. Circuit
Breaker Co. to become general
mgr. of Technical Appliance Corp.
John T. Whiteley, previously with
British Columbia Telephone Co.,
has joined the engineering staff at
Lynch Communication Systems
Inc. Warner T. Smith and Robert
M. Meadows move up at Superior
Cable Corp. to v-p in charge of
engineering and treasurer, respec-
tively. N. R. Kornfield advances at
Philco Corp. to mgr. of the special
projects dept. in the Computer Div.
Dunn Engineering Corp., ups
Sydney Minault to v-p, manufac-
turing. Murray I. Disman, of Eitel-
McCullough, Inc., appointed mzr.
of microwave tube developmen'.
John M. Lambert, ex-General Elec-
tric Co., named mgr. of advanced
systems in the Systems Div. of
Avien, Inc. Samuel W. Daskam,
formerly with RCA, is now appli-
cations mgr. at Clark Semicon-
ductor Corp.
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ultra-high
precision
capacitors

Southern Electronics high-precision
capacitors are demonstrating their proven
reliability today in twelve different

missiles, analog computers, and many radar
and communications applications.

SEC high-precision capacitors utilize
polystyrene, providing .01% tolerances, and
mylar and teflon to meet .5%

requirements. They show excellent stability
characteristics over an extended
temperature range, and tolerances are
unaffected even at extreme high aititudes.

The unusual accuracy, stability and
reliability of SEC capacitors are the result of
engineering experience concentrated

on the design and manufacture of precision
capacitors only, plus rigid quality control
standards subjecting each capacitor

to seven inspections during manufacture,
plus final inspection.

Our engineering experience enables us to
meet your size requirements, while

holding to exact capacitance and tolerance
specifications.

SEC capacitors are manufactured in a

wide range of capacitance to meet your
needs from 100 mmfd. to any higher value,
and meet or exceed the most rigid MIL-SPECS,

Write today for detailed
technical data and general
catalog.

|
: SOUTHERN |
|ELECTRONICS|
|
|
|
[ |

%0%ma/t'on

]

1

150 WEST CYPRESS AVENUE ]
BURBANK, CALIFORNIA 1
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Look how Lafayette Radio ENSURES

OVERNIGHT
DELIVERY

OF TI PRECISION CARBON FILM
RESISTORS

LOW-NOISE

*
Four locations . .. all stocked
in depth with Texas Instru-
ments complete line . . .

*
High-speed order process- open the way for new advances in
ing and shipment . . . makes , - .
TI resistors available with- low-level instrumentation

in hours to meet your tight-
est delivery requirements.

Call Lafayette today for immediate

shipment at factory prices on:
R ———— )

Tt HARD GLASS HERMETIC

\ Ll g

Hard glass encapsulation gives you
unexcelled mechanical ruggedness,
moisture resistance and extreme
resistance to thermal shock,

E——— ————— — — __—__ —— — —
TI MIL-LINE

>

Packaged in tough TI-developed
epoxy to provide the advantages of
an insulated resistor at uninsulated
resistor prices — vuse-proved by over
seven years of service!
[==——=—m= L == oo ——1

TI MOLDED LINE

MINIATURE BRISTOL SYNCROVERTER CHOPPERS
Tough-molded for complete mechan-
ical protection during and after
installation

N . . .
AUTHORIZED %__@(? DISTRIBUTOR Low-Noise Syncroverter* choppers are used in the fin-
est and most accurate d-c amplifiers, microvolt-am-
meters and null-
_ L I ——p— ! t . u.ll balance systems w.h‘ere.only the best
& r A DI O is required. Write for complete specifications: ACCO
INDUSTRIAL ELECTRONICS DIVISION
“ENTERPRISE’ NUMBERS IN MAJOR CITIES The Bristol Company, Aircraft Equipment Di-
JAMAICA NEW YORK isi H
TERE iberty AVen 100 Sioth Avente wsnon., .150 Brlstql Road? Waterbury 20, Conn.
Jamaica 33, N. Y.  New York 13, N. Y. A Subsidiary of American Chain & Cable Company, Inc.
Area Code 212 Area Code 212
OL 8-5050 WO 6-5300
TWX: NY 4-933 TWX: NY 1-648
NEWARK BOSTON B RI STO L *T.M. Reg. U. S, Pat. Off. 1.3
24 Central Ave. 110 Federal St. | ) o . .
Newark 2, N. J. Boston 10, Mass. ...engineers for precision, builds for reliability
Area Code 201 Area Code 617
Ml 3-6868 HU 2-0311

#18755 TWX: BS 447U
E=—br_____—————————————— 1}
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EMPLOYMENT OPPORTUNITIES

electronics

WEEKLY QUALIFICATION FORM
FOR POSITIONS AVAILABLE

ENGINEERS gleEENNTTlIsOT';= PHYSICISTS im{"m‘%"ﬁ"?ﬁ‘ e we. v '
’ ’ ERIE :[:?T;bm:;l DaIV. 116* 2

Erie Resistor Corp.

This Qualification Form is designed to help you advance in the elec- i 0
Erie, Pensylvania

tronics industry. It is unique and compact. Designed with the assistance

ESQUIRE PERSONNEL n2 3
of professional personnel management, it isolates specific experience Chicago, lllinois
GARRETT CORPORATION 114* 4

in electronics and deals only in essential background information. AiResearch Manufacturing Division

Los Angeles, California

GENERAL DYNAMICS/ELECTRONICS 16* 5
Military Products Div.
San Diego, California

GENERAL ELECTRIC CO. ns* 6
Missile & Space Vehicle Dept.
Philadelphia, Pennsylvania

HUGHES AIRCRAFT COMPANY 17 7
Aerospace Engineering Div.
Culver City, California

HUGHES AIRCRAFT COMPANY 17, 18* 8
Space Systems Div.
Culver City, California

The advertisers listed here are seeking professional experience. Fill in
the Qualification Form below.

STRICTLY CONFIDENTIAL

Your Qualification form will be handled as “Strictly Confidential”’ by
ELECTRONICS. Our processing system is such that your form will be
forwarded within 24 hours to the proper executives in the companies
you select. You will be contacted at your home by the interested

. INTERNATIONAL ELECTRIC CORP, 101 9
companies. Paramus, New Jersey
LABORATORY FOR ELECTRONICS 94 10
Boston, Massachusetts
WHAT TO0 DO LINK DIVISION 92* n

General Precision Inc.
Binghamton, New York
LITTON SYSTEMS INC m* 12
Data Systems Div.
Canoga Park, California
LOCKHEED CALIFORN!A CO. 50* 13
Div. of Lockheed Aircraft Corp.
Burbank, California
MICROWAVE SERVICES INTERNATIONAL, INC. 112 14
Denville, New Jersey
CONTINUED ON PAGE 112

L 8 4 B B B B N _N_B 3 R_BR B § 8 B B 0 H B R B B R B RN B B B BN B 0 B B
- d

. Review the positions in the advertisements.

. Select those for which you qualify.

. Notice the key numbers.

. Circle the corresponding key number below the Qualification Form.

. Fill out the form completely. Please print clearly.

. Mail to: D. Hawksby, Classified Advertising Div., ELECTRONICS,
Box 12, New York 36, N. Y. (No charge, of course).

oL as ON =

(cut here) . (cut here)
electronics WEEKLY QUALIFICATION FORM FOR POSITIONS AVAILABLE
Personal Background Education

NAME .. ... ittt ittt entaer i enneaas PROFESSIONAL DEGREE(S) ...............ciiivininnnnnnnnns

HOME ADDRESS ...............iiiniitiiiiiiiinaennns MAJOR(S) ... . e e e e

ATY ... ZONE. ... .. STATE............. UNIVERSITY ... i ittt ettt

HOME TELEPHONE .. .. ... ... ... ... i, DATE(S) ... i e i it e e e,

CATEGORY OF SPECIALIZATION
FIELDS OF EXPERIENGE (Please Check) 12151 YA G S LCTTE
" perienc lines.
D Aerospace D Fire Control D Radar Speriente on p;::l:ica'ln ) Supervisory
Experience Experience

D Antennas D Human Factors D Radio—TV (Months) (Months)
RESEARCH (pure, .

Jasw [ intrared [ simulators fundamental, basic) ......  ......
RESEI.\RCH

D Circuits D Instrumentation D Solid State (Applied) ..o Ll
SYSTEMS

D Communications D Medicine D Telemetry (New Concepts) = ......  ......
DEVELOPMENT

D Components D Microwave D Transformers (Model)  ..cee aeees.
DESIGN

D Computers D Navigation D Other (Product) ..o el
MANUFACTURING

D ECM D Operations Research D ................... (Product) = ceveer eeeeee
FIELD

D Electron Tubes D Optics D ................... (Service) = eeneer eesens

. SALES
D Engineering Writing D Packaging D ................... (Proposals & Produvcts) ......  ......

CIRCLE KEY NUMBERS OF ABOVE COMPANIES’ POSITIONS THAT INTEREST YOU
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

110 electronics



EMPLOYMENT OPPORTUNITIES

Philco WDL has immediate
and challenging engineering
positions open in Discoverer,
Midas and Advent programs
in these categories:

Data systems engineering

Technical Staff — communica-
tions and data systems

Systems test planning
Systems reliability analysis

Design Engineering — surface
and vehicle electronics

Human factors and operations
analysis

Field tracking station activation

Tracking and control systems
design

Logistics and station support

And others

U S crtizenship or current transferable
Department of Defense clearance re-
quired.

o

If your future is for growing...

People at Philco’s Western Development Laboratories are proud
of their achievements, secure in the steady growth of their
company, enthusiastic about their future.

In just four years, Philco WDL has expanded from a staff of

18 to more than 2,000. At the end of this year WDL will open a
new 250,000-square-foot facility which will accommodate

a continually expanding complement of engineers, scientists
and supporting staff members.

Philco WDL, the space organization which designed and built
the Courier satellite, conducts an ever-growing development
program in tracking, satellite instrumentation, communications,
data processing and command—moving hand in hand with the
federal government in space exploration and space age defense.

Your growth with a growing company, ideal living on the Northern
California Peninsula, professional and monetary advancement
commensurate with your own ability—these are some of

the advantages and satisfactions of working at Philco Western
Development Laboratories.

If yours is one of the fields listed at the left, write today to
Mr. W. E. Daly, in confidence, of course, Department E-12.

This new 250,000-square-foot addition to Philco Western Development
Labs is further indicative of your future there.

pH I LCO WESTERN DEVELOPMENT LABORATORIES

En Fetrnous g Q:m[ly the lortd Grer

December 15, 1961

3875 Fabian Way, Palo Alto, California

m



EMPLOYMENT
OPPORTUNITIES

(Continned from paue 111)

COMMUNICATIONS APPLICATION ENGINEER
Analysis of advanced electronic communication sys-
tems including radio. carrier, telephone, microwave:

Must have aesign and marketing ex

}ori ith commerecial and mili-
APy nsers,
EE degree. 5 yrs. esp. min.
x> Send Resume o
= e

i Micrgwave Services International Inc.
) fansulting Engineors
DNenville. N.

Loute 46

DEPARTMENT MGR.—SYSTEMS ENGINEERING
TO $15.001 PER YEAR

Ta represent and to perfarm over.all supv. of |.E..

operations research and computer operations groups

within an erganization whieh researches. plans and

implements large automatic  electromechanical

systems. Client assumes all expenses.

ESQUIRE PERSONNEL SERVICE, INC.
202 SOUTH STATE ST. CHICAGO 4, ILLINOQIS

POSITION VACANT

Experienced Production man on solid Tanta-
lum capacitors for Califl. firm. Practical man
preferred. Give complete resume—absolutely
confidential, P-7851, Electronics, Classified
Adv. Div., 2535 California St., San Francisco
11, Calif.

electronics

WEEKLY QUALIFICATIONS FORM
FOR POSITIONS AVAILABLE

(Continued from page 110)

COMPANY SEE PAGE KEY #
MITRE CORPORATION 48 15
Bedford, Massachusetts
PAN AMERICAN WORLD AIRWAYS INC. 34 16
Guided Missiles Range Div.
Patrick AFB, Fiorida
PHILCO WESTERN DEVELOPMENT
LABORATORIES m 17

Palo Alte, California

SCIENTISTS, ENGINEERS & EXECUTIVES
INC 116

. 18
Washington, D. C.
P-7843 116* 19
*These advertisements appeared in the 12/8 61
issue.
FOR INFORMATION
About Classified Advertising,
Contact The McGraw-Hill Office
Nearest You.
ATLANTA, 9— HOUSTON, 25—
1375 Peachtree St. N.E. Prudential Bldg.
TRinity 5-0523 Room W-724
D. HICKS Holcombe Bivd.
BOSTON. 16— JA 6-1281

Coplcy Square
COugress 2-1160
M. SHOUVLIN
CHICAGO. 11—
645 No. Michigan Ave.
MOhawk 4-5800
W. ). HIGGENS
CLEVELAND, 13—
1164 (Huminating Bldy.
SUperior 1.7000
DALLAS, 2—
1712 Commerce St.
Vaughn Bldg.
Rlverside 7-9721
J. GRANT

DENVER, 2—
1700 Broadway—
Tower Blidg.
Alpine 5-2981
J. PATTEN
DETROIT, 26—
856 Penobscot Bldg.
Wo0odward 2-1793
WN. H. GINDER, JR.

J. PAGE
LOS ANGELES, 17—
1125 w. 6th St.
HUntley 2.5450
W. C. GRIES
NEW YORK. 36—
500 Fifth Ave.
0Xford 5-5959
H. T. BUCHANAN
R. P. LAWLESS
T. W. BENDER - P. BOND
PHILADELPHIA, 3—
Six Penn Center Plaza
LOcust 8-4330
W. B. SULLIVAN
PITTSBURGH. 22—
4 Gateway Center
EXpress 1-1314
ST._LOUIS, 3—
7751 Carondelet Ave.
PArkview 5-7285
SAN FRANCISCO. 11—
255 Catifornia St.
DOuglas 2-4600
J. A. HARTLEY

n2

JUST WHAT THE DOCTOR ORDERED

LOW NOISE FIGURE
4.5 db max.

12 MILLIAMPERE POWER DRAIN

ig_{ less than your flashlight

UNIFORM RESPONSE
within 3db over full range

SMALL SIZE — LIGHT WEIGHT
215" x 614" —19 ounces

THE NEMS-CLARKE
SOLID STATE TELEMETRY PREAMPLIFIER

SOLID STATE PREAMPLIFIER

Here’s your baby for outstanding performance and economy
in the 225-260 megacycle telemetry range —the Nems Clarke
SSP-101 completely solid state preamplifier. Featuring
extremely low noise, flat response, and a hefty 25db minimum
gain, it’s at home in any environment . .. installed either in
the antenna mount or the coax cable. Its own external 12 volt
power supply is available for rack mounting. Baby sitting?
Forgetit! The SSP-101 operates for thousands of trouble free
hours at unattended locations.

Write for Data Sheet 999

-
UII"”ﬂiomOMIGSA DIVISION OF VITRO CORPORATION OF AMERICA
PRODUCERS OF NEMS'CLARKE EQUIPMENT N
919 JESUP-BLAIR DRIVE, SILVER SPRING, MARYLAND /2301 PONTIUS AVENUE, LOS ANGELES 64, CALIFORNIA
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SQUARE-LOOP
TAPE CORES
TO MEET YOUR
TOUGHEST
SPECIFICATIONS

Speed your specs to Dynacor
when you want squarc-loop tape
cores to exact requirements—fast!
Here you'll find a dependable
combination of personnel, expe-
rience and facilitics—the know-
how to deliver parameters to
your very tightest tolerance re-
quirements for switching time,
flux, and noise.

Dynacor Square-Loop Tape
Corcs are manufactured with the
high permeability alloys—Grain-
Oriented 50-50 Nickel lron, 4-79
Molybdenum Permalloy, and
Grain-Oriented 3% Silicon lIron

with fully guaranteed uni-
formity . .. under rigid standards
of control and inspection.

Look to Dynacor for reliable
production and swift delivery of
your tape core requircments. For
your convenience a full line of
standard units are stocked for im-
mediate off-the-shelf delivery—
Send for bulletins DN 2000, DN
2001, DN 2002.

DYNACO

DYNACOR,

A SUBSIDIARY OF SPRAGUE ELECTRIC
35 Marshall St. ® North Adams, Mas
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now!
supply DC from

0 to over £1100 volts in steps [@s Smallas I V!

\'-’A

1

—mew

The seven 11-position readout-type dialson KIN TEL’s new
Model 303 DC Voltage Standard let you control the output
from 0.000000 to over =1100.0000 volts in three ranges
with a resolution of 0.1 part per million of full scale.

The voltage is held stable within 0.0025% of the dialed out-
put for over eight hours, within 0.005% for over 30 days.
Absolute accuracy is better than 0.01% of the setting.

The 303 has a four-terminal output—two to furnish cur-
rent for the load, and two to sample the voltage across the
load. By sampling at the load, no error is caused by cur-
rent flowing through external leads, and the effective
source impedance at the load is 0.001 ohm. Full accuracy
is maintained with lead lengths on the order of 10 feet.

—
DUTPUT VOLTAGE

The output circuit is completely floating, shielded, and
guarded — isolated from both chassis and power-line
ground. Common-mode intermodulation products are re-
jected by 120 db at 60 cps.

Qutput current may be limited by a panel control to 5, 10,
15, or 25 milliamperes. An overload relay disconnects the
output terminals if the selected current is exceeded or if
the output voltage deviates from the setting.

These features make the 303 an ideal standard. Its wide
range and high accuracy make it useful in many labora-
tory and industrial applications. And its exceptional
resolution makes it especially valuable when small incre-
ments of voltage are needed. Price $2800.

Write today for detailed technical literature or demonstration.

Representatives in all major cities.

ELECTRONICS, INC

5725 Kearny Villa Road, San Diego 12, California. Phone: BRowning 7-6700
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For use in electronic equipment that must perform

dependably in strong nuclear radiation fields

Among conventional active c¢lectronic circuit com-
ponents, the RCA nuvistor clectron tube is in the
class of components least susceptible to catustrophic
failure from nuclear radiation. In addition nuvistors
are commercially available and offer extremely small
size, light weight. and exceptionally low power drain.

These facts are of utmost importance to you if you
are designing communications or navigational equip-
ment which must provide dependable performance in
an cnvironment of strong nuclear radiation. In such
an environment, even momentary failure of equip-
ment can disastrously curtail our vital communica-
tions or navigation operations.

The Most Trusted Name in Elcctronics

Recent tests have shown that the RCA-7586 nuvistor
triode and the RCA-7587 nuvistor tetrode have given
dependable performance after being subjected to a
nuclear radiation pulse of extremely high intensity as
specified in the Neutron Radiation Damage Test, Mili-
tary Standard MIL-STD-446A, November 25, 1960.

[n these critical equipment design areas, one cannot
afford to risk component failure. Specify RCA
nuvistor for airborne communications, airborne con-
trols, missile avionic systems, radar networks, tele-
metering equipment, and ground support equipment.

For additional information, see the RCA Field Rep-
resentative at our office nearest you.

RCA ELECTRON TUBE DIVISION—FIELD OFFICES
EAST:. 744 Broad Stree!, Newark 2, New Jersey,
HUmbaldt 5-3900 - MIDWEST: Suite 1154, Merchandise
mart Plaza, Chicaga 54, lllinais, WHitehall 4-2900
WEST- 6801 E. Washington Bivd., Los Angeles 22,
Calif., RAymond 3-8361 « 1838 E| Comina Real, Bur.
lingame, Calit., OXford 7-1620




