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SPECIAL REPORT Tiny magnetic switch (below) closes in 

microseconds, needs no power to keep it closed. It's one of 

the new electromechanical devices for electronics. See p 57 
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Ferreed switch by Bell Labs uses ferrite as part of the magnetic 
circuit, combines mechanical action with electronics. See p 62 
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Phantom view shows simplicity of Sola design. Note 
absence of components requiring maintenance sucF as 
motors, gears, contactors, tubes and relays. 

Schematic diagram indicates the complete reliance on 
static elements. This is the circuit of a representative 
Type CVS regulatpr which delivers output having less 
than 3°o total rms harmonic content. 

What's missing 
in this Sola 
voltage regulator? 
------- When they designed the Sola Constant Voltage 

Transformer, what did they leave out? Trouble, 

for one thing. Original equipment manufacturers 

and plant engineers know that when you build 
in simplicity, you build out maintenance headaches. 

The two illustrations at the left show clearly the Sola's 

few parts and straightforward design. This compact 

simplicity is possible because Sola regulators employ 
static-magnetic methods of voltage control. 

The basic Sola design eliminates moving parts, renew-

able parts, manual adjustments, routine maintenance, 

and spare parts stock. Because there is nothing to wear 

out, no tubes to burn out — you know that when you 

specify Sola voltage stabilization, you automatically 

specify trouble-free reliability. 

Despite this simplification, the Sola gives you these 
performance benefits: ±1% regulation over input volt-

age variations as great as -±-15%, response time of 1.5 
cycles or less, protection against short circuits for itself 

and its load, a high degree of isolation between input 

and output circuits, and negligible external field. Type 

CVS (illustrated with typical circuit diagram) delivers 

a commercial sine wave with less than 3% total rms 
harmonic content. 

Sola static-magnetic units are available for regu-

lation of common line voltages, as well as filament, 
plate-filament, computer-circuit and variable voltage 

outputs. They can also be supplied in step-up and step-

down ratios to replace conventional non-regulating 
transformers. 

Whether you are developing new electric or electronic 

equipment, or have a specific voltage regulation prob-

lem, your nearest Sola sales engineer will be happy to 
discuss your requirements with you. 

Write for Bulletin 7J-CV 

SOLA 
SOLA ELECTRIC CO. 

Busse Rd. at Lunt, 

A Division of 

Basic Products 

Corporation 

Elk Grove, Illinois 
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DESIGN WITH 
ARNOLD 6T CORES... 
SAME-DAY SHIPMENT OF 
STANDARD DELTAMAX CORE SIZES 
Arnold 6T tape cores (aluminum-
cased and hermetically-sealed) 
offer you three very important de-
sign advantages. One: Maximum 
compactness, comparable to or 
exceeding that previously offered 
only by plastic-cased cores. Two: 
Maximum built-in protection 
against environmental hazards. 
Three: Require no supplementary 
insulation prior to winding and can 
be vacuum impregnated after 
winding. 
Now we've added a fourth vital 

advantage: Maximum availability. 
An initial stock of approximately 

20,000 Deltamax 1, 2 and 4-mil 
tape cores in the proposed EIA 
standard sizes (See AIEE Publica-
tion No. 430) is ready on ware-
house shelves for your conveni-
ence. From this revolving stock, 
you can get immediate shipment 
(the same day order is received) on 
cores in quantities from proto-
type lots to regular production re-
quirements. 
Use Arnold 6T cores in your 

designs for improved performance 
and reduced cost. They're guaran-
teed against 1000-volt breakdown 
. . . guaranteed to meet military 

test specifications for resistance to 
vibration and shock. .. guaranteed 
also to meet military specifications 
for operating temperatures. The 6T 
hermetic casing method is extra 
rigid to protect against strains. 

Let us supply your requirements. 
Full data (Bulletin TC-101A and 
Supplements) on request. • Write 
The Arnold Engineering Company, 
Main Office and Plant, Marengo, Ill. 

ADDRESS DEPT. E-9-2 

ARNOLD 
SPECIALISTS In MAGNETIC MATERIALS 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 
CITIES • Find them FAST In the YELLOW PAGES 
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INFORMATION PROCESSING. The biggest market for electronic 
digital computers and peripheral equipment during the next decade may 
be in a field where today research activity is high but practical application 
low. The field is information processing. 

Information processing is a step above data processing. A data-
processing system handles numerical quantities and specific, orderly in-
formation such as a worker's sex, occupation or place of birth. An infor-
mation processing system, on the other hand, would accept material in 
disorderly fashion, material whose meaning is possibly obscured by words 
of comparatively low information content. A treatise on economics might 
be an example. 

Information processing would include automatic translation, indexing, 
abstracting and retrieval. High-speed input without manual key punch-
ing, output speed fast enough to keep up with computer operations and 
high-capacity memories all would be implicit in the system. 
The elemental hardware for such an automatic library is indeed within 

our grasp today. Several electronic-optical character recognition systems 
have been successfully demonstrated. Electronic printing devices 
capable of 4,000-word-a-minute operation are available. High-capacity 
memories, usually photographic, also are available, while developments in 
thin films, cryogenics and microcircuits point the way to electronic memo-
ries of prodigious capacity. Computer programs for automatic abstract-
ing based upon statistical analysis of word occurrence have been written. 
Computer speed presents some limitation to fully implementing such sys-
tems but this speed is being increased all the time. 

Electronic information processing is truly essential if science and engi-
neering are to advance as they should. Otherwise, some of our best brains 
will continue to be wasted in searching literature and reinventing the 
wheel. 

What's more, information processing will mean big business to our 
industry. Immense computer installations will be required. First cus-
tomers undoubtedly will be industrial firms with extensive research estab-
lishments and government agencies dealing with scientific and technical 
information. Probably other business firms will set up automatic libraries 
on a service basis much as we now have data processing centers. Infor-
mation processing could become in the next decade the same booming 
business data processing became in the one past. 

ELECTROMECHANICAL DEVICES AND SYSTEMS. That is the sub-
ject of this issue's 24-page Special Report by Associate Editors Tomaino 
and Flynn. You'll learn about new concepts and trends in switching de-
vices, rotating devices, actuators, timers and readout devices. Charts 
specify the operating characteristics of hydraulic and electromechanical 
systems, and show you the Size 5 components that must be developed 
before complete Size 5 systems are a reality. For information you will 
want to save for future reference, turn to p 57. 

Coming In Our October 7 Issue 

PULSE COMPRESSION RADAR. Use of short pulses is, as a rule, the 
easiest and most direct method for achieving high range resolution in a 
radar system. By transmitting a stretched pulse and compressing the 
received pulse, a shorter pulse with high effective peak power is obtained. 
Next week, G. P. Ohman of the U. S. Naval Research Laboratory radar 

division describes pulse compression radar techniques. His informative 
article explains the basic technique and shows how pulse compression 
might be used in a hypothetical radar system. 

It 
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New Raytheon Cathode Ray 

Printer Tubes Print as Fast 

as Computers Think! 

Raytheon cathode ray printer tubes now make possible the design of extremely 

high speed electronic printing equipment capable of printing 20,000 characters 

per second — or over 10,000 lines of computer information per minute — fast 

enough to keep pace with the output of modern computers. 

These new tubes bring into focus a host of amazing new applications. Instant 

coast-to-coast transmission of mail — continuous photographic recording of 

freight traffic movement — incredibly fast printing of labels, or facsimile data 

— these are just a few examples. 

Four developmental Raytheon printer tubes, the CK 1366 and CK 1368 with 

single row printing elements and the forty row CK 1367 and CK 1369, are 

available for producing writing widths of approximately 23/4  and 85/8 inches. 

For complete technical data and design assistance, please write to: Raytheon, 

Industrial Components Division, 55 Chapel St., Newton 58, Mass. 

RAYTHEON COMPANY 

HOW IT WORKS. Raytheon printer tubes 

employ a high-resolution, high-current 

gun which sweeps a printing element con-

sisting of a row of 250 wires per inch. 

Electron charges in the form of the de-

sired characters are produced by deflec-

tion and amplitude modulation of the 

beam. The charges are established on the 

paper which acts as a dielectric as it 

passes before the faceplate of the tube. 

The characters are made visible through 

the use of a positively charged ink and 

a fixing process. Since the electron 

charge on the paper is proportional to the 

beam current, fine halftones can also be 

obtained. 

INDUSTRIAL COMPONENTS DIVISION 
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General Electric 
RTV* 

LIQUID SILICONE RUBBER 
•'I 

Cures at room temperature, 

useful from —70°F to +600°F 

General Electric RTV silicone rubber 
compounds provide the dielectric prop-
erties of silicone insulation in a form 
well suited for potting, encapsulating, 
sealing and impregnating. Available in 
a wide range of viscosities from 120 to 
15,000 poises, they do not shrink or form 
voids. RTV resists temperature extremes, 
moisture, ozone, weathering, aging and 
aircraft fuels. Applications include: 

Potting and Encapsulating 
RTV is used to pot whole electronic as-
semblies, while RTV encapsulation pro-
tects components from moisture, ozone, 
physical shock and high-altitude arc-
over and corona. Also used as a con-
formal coating on printed circuits. 

Transformer Impregnation 
Impregnation with RTV assures top per-
formance for aircraft transformers up 
to 250°C. Other materials failed due to 
poor high-temperature resistance or fail-
ure to penetrate tightly wound coils. 

Cable Connection Potting 
Connectors and junctions of high-
temperature cable, such as missile wir-
ing harnesses or industrial power and 
control cables in severe environment, 
are potted with RTV because of its abil-
ity to stand for long periods and then 
perform reliably when needed. 

Longer Life for Motors 
Electric motors last longer when stator 
windings are encapsulated with RTV. 
RTV's outstanding moisture resistance 
enables dripproof motors to meet certain 
applications which formerly required 
totally enclosed units. 
•Room Temperature Vulcanizing. 

For more information and a free test 
sample, write (briefly describing your 
application) to General Electric Com-
pany, Silicone Products Department, 
Section N930, Waterford, New York. 

GENERAL e ELECTRIC 

COMMENT 

Electronics Probes Nature 

You are to be congratulated on 
your special report "Electronics 
Probes Nature" (p 53, July 29). It 
is authoritative, comprehensive and 
fascinating. I was particularly in-
terested by the description of im-
portant research problems which 
are outside of my own field. It gives 
us a good appreciation of the great 
value of electronic instrumentation 
in furthering our understanding of 
our environment and of ourselves. 

S. F. SINGER 
UNIVERSITY OF MARYLAND 
COLLEGE PARK, MD. 

. . . I think the article is fine, but 
you may get letters about one state-
ment that appears in my contribu-
tion. By a slight slip I am made to 
say that earthquakes occur only 
once in every five years. There are 
hundreds yearly, of course. What I 
said was that earthquakes of the 
terrific magnitude of the Chile 
earthquake have been happening on 
the average of every five years, 
which is a very different thing. If 
you get agonized letters of protest 
from geologists about this, you can 
perhaps insert a sentence of ex-
planation in a future issue . . . 

CHARLES H. HAPGOOD 
KEENE TEACHERS COLLEGE 
KEENE, N. H. 

. . . The article was in most cases 
quite thorough and well done. 
Recognition of the importance of 
environmental probing as well as 
the role electronics plays in making 
this possible is most gratifying, and 
I hope your article receives com-
mendation for its contribution . . . 

ARNOLD M. MCCALMONT 
USAF CAMBRIDGE RESEARCH 
CENTER 

BEDFORD, MASS. 

. . . You are to be congratulated 
for presenting so much that is new 
in this field in such a clear manner. 
I wish to thank you also for the 
kind reference to our efforts . . . 

VON R. ESHLEMAN 
STANFORD UNIVERSITY 
STANFORD, CALIF. 

. . . Looks very comprehensive 
and I'm sure will be interesting to 
the readers of ELECTRONICS . . . 

MITCHELL KOZIKOWSKI 
WESTINGHOUSE ELECTRIC 
PITTSBURGH 

. . . You have done an excellent 
job, both in collecting the many 
facts you needed to put a story to-
gether, and in preparing an inter-
esting and informative presenta-
tion. I am sure that this review will 
be very valuable to industrial and 
government administrators, in 
showing the wide application of 
electronics in many new fields. At 
the same time, the working engi-
neer and scientist will be pleased 
to see the place of his own special-
ization in the broad field. 
My congratulations to you for 

the good work. 
E. W. HEROLD 

VARIAN ASSOCIATES 
PALO ALTO, CALIF. 

Manufacturers' Reps 

Congratulations on the excellent 
article ("Manufacturers' Reps to 
Sell $2à Billion," p 32) in the Aug. 
26 issue of ELECTRONICS . . . 
You have accumulated some most 

interesting figures, ones which I, 
at least, find to be most helpful and 
useful in many respects. 

KENNETH E. HUGHES 
KENNETH E. HUGHES CO. 
UNION CITY, N. J. 

The Missing Satellite 

We enjoyed reading your fine 
August 26 issue. However, the col-
umn Washington Outlook on p 14 
noticeably omitted Explorer VII 
from the list of satellites ". . . still 
actively transmitting." 

Explorer VII, launched Oct. 13, 
1959, by George C. Marshall Space 
Flight Center personnel before their 
transfer from the Army, has trans-
mitted longer than any such fully 
instrumented satellite orbited to 
date. 

BART J. SLATTERY 
NATIONAL AERONAUTICS & SPACE 
ADMINISTRATION 

HUNTSVILLE, ALA. 
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ESC INTRODUCES 
MINIATURE VARIABLE 
DELAY NETWORKS 

...SERIES 700 

esigned for printed circuit mounting 
The Series 700 of Miniature Variable Delay Networks has 

been designed and created by ESC to meet the increasing 

demand for smaller units of high accuracy for printed 

circuit mounting. 

Series 700 Specificationll 
MODEL NO. TIME DELAY* IMPEDANCE PULSE RISE TIME** 

701 .125 usec. 1500 ohms .03 usec. (max.) 

702 .25 usec. 1800 ohms .06 usec. (max.) 

703 .50 usec. 1000 ohms .10 usec. (max.) 

704 .75 usec. 680 ohms .15 usec. (max.) 

705 1.0 usec. 560 ohms .20 usec. (max.) 

706 

707 

708 

1.25 usec. 

1.50 usec. 

.65 usec. 

470 ohms 

390 ohms 

93 ohms 

.25 usec. (max.) 

.30 usec. (max.) 

.10 usec. (max.) 

Pulse Attenuation — 1.0 db max.) all units 
DC Working Volts — 500 volts (max.) 

*Minimum available delay at output 
**Pulse rise time at termination of delay line 

Mechanical and electrical modifications available on special order 

exceptional employment opportunities for engineers experienced 
in computer components... excellent profit-sharing plan. 

ELECTRONICS CORP. 534 Bergen Boulevard, Palisades Park, N. J. 

Distributed constant delay lines • Lumped constant delay lines • Variable delay networks • Continuously variable delay lines • Step variable delay 
lines • Shift registers • Video transformers • Filters of all types • Pulse-forming networks • Miniature plug-in encapsulated circuit assemblies 
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Flexible shafts carry torque to spare... 

DRIVE AND CONTROL IDEAS 

FOR ENGINEERS 

Whether your product requires delicacy or raw 
strength, there's a flexible shaft available from 
S. S. White to transmit rotary power or control. 

For example, the .043" dia, flexible shaft in 
the manicurist's tool transmits approximately 
0.38 pound-inches at high speed and provides 
extreme flexibility of operation — suitable to 
M'Lady's finger-tips. Or, consider the Viber 
Concrete vibrator which needs a .437" dia. shaft, 
capable of transmitting high torque at 10,000 
rpm under brutal field conditions. 

Keep flexible shafts in mind for applications 
other than power tools, too. They allow the 
designer important — sometimes vital — latitude 
in positioning both power source and driven 
part... freedom to snake power around ob-

stades, freedom to obtain balance and struc-
tural economy. 

Flexible shafts solve a lot of other problems 
too. They help you to eliminate parts . . . expen-
sive, cumbersome gears, drives, universals. Make 
installation easier because they have no align-
ment problems. Machine performs better too, 
because vibration, shock, overloads are absorbed 
by rugged flexible shafts. 

Whatever your problems, look into S. S. 
White's three lines of flexible shafts: Standard 
... Pre-Engineered ...Custom-Designed. There's 
bound to be an answer for you. 

S. S. White Industrial Division, Dept. 

10 East 40th Street, New York 16, N. Y. 

1121 

THE S. S. WHITE FLEXIBLE SHAFT HANDBOOK 
New 4th Edition ...Send for your free copy! 

This authoritative handbook has been 
recently revised to include new selec-
tion and application data for S. S. 
White Standard ... Pre-engineered ... 
Custom-designed flexible shafts. 

IN FLEXIBLE SHAFTS 
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Working from 18,000 to 90,000 mc? 

Don't 
settle 
for 
less 
than 

narda 
precision 
Impedance 
Meters! 
Just because you're working in millimeter bands is 
no reason to "make do" with lesser specs than you 
get from L to KU Bands. It's true that it's more difficult 
to maintain top specs at 90,000 mc than at X Band, 
for example, but in most cases Narda does it! And 
especially, in our slotted lines! 

Precision instruments in every way, Narda milli-
meter Impedance Meters give you these important 
benefits: Smooth, stable carriage travel, absolutely 
parallel to the transmission line axis, with complete 
freedom from backlash. Imperceptible slope (0.01 
max.), thanks to precision milling of tellurium copper 

MILLIMETER 
IMPEDANCE METERS 

Model: 
K218 
V217 
Q217 
M217 
E217 

Price: 
$ 500. 

600. 
1100. 
995. 
1650. 

main transmission line, followed by a silver plate of 
molecular thickness and a rhodium flash. 

Residual VSWR is under 1.01 for K and V Bands; 
1.02 for Q, M and E. Position of the built-in probe is 
measured with a precision dial indicator having a 
least count of 0.001". And as an added advantage, 
the probe is usable with any waveguide detector. 

All in all, an exceptionally fine instrument — and 
yet, typical of all Narda millimeter products. For com-
plete information on the entire line, write for a free 
catalog. Address: Dept. E-6. 

Rely on narda for these other precision millimeter products: 
Direct Reading VARIABLE ATTENUATORS 

HARMONIC GENERATORS 

High-Directivity DIRECTIONAL COUPLERS 

FREQUENCY METERS 

STANDARD GAIN HORNS 

SLIDING TERMINATIONS 

FIXED TERMINATIONS 

TUNABLE SHORTS 

CRYSTAL DETECTORS 

44À744, the narda microwave corporation 
118-160 HERRICKS ROAD, MINEOLA, L. I., N. Y. • PIONEER 6-4650 
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This unique "extra" 

fifth digit... 

...provides 100% 

over-ranging...ten times 

greater resolution at decade 

voltage points where other 4-digit 

voltmeters change ranges and lose 

one full digit of resolution. 

+ 1 8 -4 5 4 

The KIN TEL Model 501 4-digit, over-ranging digital voltmeter 
measures DC from ± 0.0001 to ± 1000.0 volts with 0.01% -± 1 
digit (of reading) accuracy. An extra fifth digit in the left 
decade indicates "0" or "1" to provide ten times greater 
resolution at decade (1, 10, 100) voltage points than standard 
4-digit voltmeters. Ranging and polarity indication are entirely 
automatic. The measured voltage, decimal point and polarity 
symbol are displayed on an in-line readout in a single plane—no 
superimposed outlines of "off" digits. 

An adjustable sensitivity control permits decreasing sensitiv-
ity to allow measurement of noisy signals. Ten-line, parallel 
input printers can be driven directly, and converters are avail-
able for driving other types of printers, typewriters, and card 
or tape punches. The input may be floated up to 25 volts DC 
above or below chassis ground with no degradation in perform-
ance, and up to 250 volts DC with slight decrease in accuracy. 
Stepping-switch drive coils are energized with DC as in 
telephone-type service to provide long, trouble-free operation. 

The 501 is one of a complete line of KIN TEL digital instru-
ments. Others include AC converters, AC and DC preampli-
fiers, ratiometers, and multi-channel input scanners. 

• C ON 

D E 

IMPORTANT SPECIFICATIONS 

Display... Six decades display 5 digits 
(Left digit "0" or "1" only), decimal point, 
polarity symbol. Ranging and polarity indication are 
automatic. Projection system readout employs 
bayonet-base lamps with 3000-hour minimum life 
rating. Readout contains no electronic circuitry 
and can be remotely mounted. 

Automatic Ranges... -I-0.0001 to -I-1000.0 
volts DC in four ranges: 0.0001 to 1.9999: 02.000 
to 19.999; 020.00 to 199.99; 0200.0 to 1000.0 

Accuracy.. .0.01% ±1 digit (of reading). 

Input Impedance...10 megohms on all ranges at null. 

Reference Voltage...Chopper-stabilized 
supply, continuously and automatically referenced 
to standard cell. 

Stepping-Switch Drive... DC voltage within 
stepping-switch manufacturers rating applied 
by transistor drive circuit at rate of 
approximately 20 steps per second. 

Controls...Three: on-off; sensitivity; and mode of 
operation (standby, normal, print auto, print remote). 

Printer Drive... Built-in for parallel input 
printers. Automatic or remote. 

Dimensions and Net Weights...Control unit: 
45 lbs. 51/4" H x 19"W x 16" D. 
Readout: 10 lbs, 31/2 "H x 19"W x 9"D. 

Price: $2995 

KIN TEL manufactures electronic Instruments for measurement and 

control, and closed circuit TV. Representatives in all major cities. 
Write for detailed literature or demonstration. 

5725 Kearny Villa Road, San Diego 11, California, Phone: BRowning 7-6700 

KIN TEL 
a  Cm,' SI CJ 

COHU 
eit...IEC-1-ForvIc 5, ,NC. 
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ELECTRONICS NEWSLETTER 
Probe Radiation Effects 

On Semiconductors 

ALTERATION of semiconductor prop-
erties by means of ionizing radia-
tion is being undertaken on a fairly 
large scale by several transistor 
manufacturers, according to reli-
able reports reaching ELECTRONICS. 

Experiments on production quan-
tities of semiconductors are re-
ported. The research effort is be-
ing undertaken almost entirely by 
semiconductor manufacturers; ad-

* vanced government research labor-
atories say they're not sure of 
what's going on. 

Aim of the tests is to determine 
whether ionizing radiation can be 
used in place of the chemical and 
metallurgical techniques currently 
employed for surface treatment. 
Another aim is the transformation 
of basic electrical properties 
through deep penetration. Possible 
ultimate goal may be formation of 
semiconductor components from a 
single piece of homogenous mate-
rial without alloying or diffusing 
other materials onto it. 

Switching is among dynamic 
properties known to be affected by 
irradiation. Long-range effects are 
little known, which accounts at 
least in part for the industry's cau-
tious and tight-lipped attitude. Ex-
periments result in part from ra-
diation-damage research done by 
various development labs in recent 
years. 

Computermakers Set Up 

Sales, Service Accord 

comPuTERmAxERs National Cash 
Register and Control Data Corpo-
ration have completed negotiations 
on an agreement whereby CDC will 
supply a new type of low-cost com-
puter and its related equipment to 
NCR. National will market the 
computer in the U. S. as part of its 
data-processing line for financial 
and retailing applications. Among 
other uses, NCR president Robert 
Oelman says, the CDC gear will be 
used as a controller for National's 
bank-bookkeeping equipment and 
magnetic-character ink document 
sorter. 

In retailing, the computer will be 
sold to process the punched-paper 
tape produced by various types of 
NCR machines. Both NCR and 
CDC will market the computer 
abroad; CDC will also market it in 
the U. S. for engineering and in-
dustrial-control applications. CDC 
will market NCR peripheral gear 
—card-readers, paper-tape readers, 
output punches and printers— 
where these are needed by its com-
puter customers. 
The two firms are currently ne-

gotiating an additional agreement 
that will have NCR provide main-
tenance services for CDC's other 
computers excepting the big 1604. 
CDC would thus take advantage of 
NCR's service organization. 

Silent Passive System 

For Underwater Detection 

BUREAU OF NAVAL WEAPONS is buy-
ing $4.5 million worth of a new 
passive silent underwater detection 
system for submarines. The sys-
tem is described as being extremely 
accurate, wide-range, compatible 
with existing fire-control equip-
ment. It was developed under the 
aegis of Naval Ordnance Labora-
tory, checked out successfully in sea 
trials. 
Navy spokesmen told ELECTRON-

ICS they couldn't say it was or was 
not sonar. Informed sources indi-
cate it may be the forerunner of a 
system which detects the existence 
of underwater targets by electrical 
or magnetic means. 

Fed to Evaluate 

Bank Automation Systems 

FEDERAL RESERVE BANK authorities, 
figuring that the U. S. proclivity 
for writing checks could soon 
swamp their facilities, have asked 
five electronics manufacturers to 
come up with an automation solu-
tion. Spokesmen for the Fed say 
check volume may reach 20 billion 
checks by 1963; the volume doubles 
about every seven years. 
The Fed's main problem is to 

sort the floods of checks according 
to originating bank and to encode 

the dollar value of each check. 
Manufacturers preparing systems 
to do this include Burroughs, Na-
tional Cash Register, IBM, Na-
tional Data-Processing, and Pitney 
Bowes teamed with Ferranti-
Packard. 

All systems will use magnetic-
ink character recognition and pre-
sume the common-language bank 
characters adopted by the Ameri-
can Bankers Association in 1958. 

Mystery Satellite 

Still Unidentified 

MYSTERY SATELLITE that was re-
ported last Monday by Trinity Uni-
versity's Moonwatch team in San 
Antonio, Tex., is still a mystery. 
Space Surveillance Control Center 
told ELECTRONICS that it could not 
disclose the numbers or orbits of 
satellites under surveillance but 
not identified, leading to the specu-
lation that there may be more than 
one. 
Other reports admit the exist?nce 

of a satellite "in retrograde orbit," 
moving in a direction opposite to 
the rotation of the earth. Trinity's 
report said the bright object—of 
magnitude minus five—was mov-
ing from south-southwest to north-
northeast, which is the direct (as 
opposed to retrograde) motion of 
most Soviet satellites. 

Smithsonian's space information 
center denies that any unidentified 
satellite is under surveillance. But 
reports persist that objects are up 
there which have not been reported 
by either U. S. or Soviet space au-
thorities. 

Minuteman to Have 

High-Reliability Parts 

MINUTEMAN associated prime con-
tractor Autonetics division of 
North American Aviation has 
awarded a subcontract to the Delco 
Radio division of General Motors 
for the development and operation 
of a reliability program for the 
transistors to be used in the mis-
sile. Goal of the program is a tran-
sistor success rate of 99.997 per-
cent, equivalent to a quite respecta-
ble mean-time-between-failures for 
any equipment with 100 transistors 
or less. 
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TERMINAL DRIVE, PLAINVIEW, L. I., N. Y. • OVerbrook 1-8600 

DC 
SERVO 
RATIOMETER 
SBI 201/111 

111111111111113111111K. 
Designed for use with resistance type probes for measurement 
of total air temperature in aircraft flight testing, the FT-104D 
is a servo driven, self-balancing wheatstone bridge, entirely self-
contained except for the probe. Its construction permits wide 
custom choice of measurement range, display and probe charac-
teristics. In addition to one- or two-pointer visual display, it can 
be supplied with optional electrical outputs for telemetering, 
remote indication or recording. Available with internal DC exci-
tation or can be used with external supply. Three-wire system 
permits accurate measurements with long leads between probe 
and indicator. 

A miniature self-balancing servo indicator that provides 
direct readings proportional to the ratio of two DC volt-
ages. Input signals can represent two variables or can be 
a single variable and its excitation source. In the latter 
application indications are independent of variations in 
excitation, thus permitting measurement accuracy sig-
nificantly higher than with absolute measurement systems. 

The SBI 201/111 is entirely self-contained and can be 
supplied to accommodate a wide range of signal inputs, 
with dial configurations to suit requirements. Optional 
features include: integral DC excitation source, retrans-
mitting outputs and internal switching for signaling or 
control. 

CONDENSED 
SPECIFICATIONS 

Range to user specifica-
tion 

Sensitivity from 10 mv. 

Accuracy -±-0.5% of f.s. 

Input 
(ohms) 

Calibration 

50 to 10K standard 

optional relay-
switched in-flight 
calibration 
resistors 

Dimensions 3" dia. x 7" long 
(typical) 

Weight 

Accuracy 
Resolution 

CONDENSED S±±P00E..25C5\I FoIofCffAfsT:s.I 0 NS 

Excitation typically 5V-50V DC 
Range  

Sensitivity 10 mv., full scale 
Response Time 0.25 sec. f.s. (al 28V 

DC excit. 
Primary Power 115V, 400 cps, 25 

watts max. 
Input any resistance type 

potentiometer or 
voltage source 

Input Ranges max. to min., 4:1 
(for EIE,) standard (typically 

32V to 8V DC) 
Ranges to 10:1 on 
special order 

3.5 pounds approx. 

TOTAL 
TEMPERATURE 

INDICATOR 
FT-104D 

DUAL 
POINTER 

INDICATOR 
SBI 205 

Miniature panel-mounted position servo 
providing equivalent scale length of 
3600°, for applications where high reso-
lution, readability and dynamic response 
are important. Main dial 354°, vernier 
360°, with 10:1 indication ratio. Accur-
acy ±-0.1%, resolution -±0.05%, sensi-
tivity 100 mv. f.s., full scale response less 
than 3 seconds. Optional single- or multi-
potentiometer outputs, current output, 
er,ntr.1 or signaling rt Lois. 

DIGITAL 
DISPLAY 
INDICATOR 
SBI 301 

Three- or four-digit counter display for 
highest readability and resolution. Range 
of available characteristics include ac-
curacy 0.1%; scale range from 103 to 
104 counts, full scale response from 3 to 
5 seconds. Optional voltage and current 
outputs to suit system requirements. Can 
be supplied for measurement of either 
DC or AC signal inputs. 

ANALOG 
TO 
DIGITAL 
CONVERTER 
SBI 401 

For use with pressure transducers, strain 
gages, accelerometers, thermocouples and 
other DC output transducers; provides 
non-ambiguous digital output for record-
ing and data acquisition. Normally sup-
plied with brush type encoders, but 
available also with magnetic or optical 
encoding assemblies to suit requirements. 
Basic dimensions 3" x 7"; full scale sen-
sitivity 10 mv., response time from 2 
seconds, depending upon encoder. 

MODELS FOR 
SPECIAL 

APPLICATIONS 

SYNCHRO REPEATERS. 2 and 3" o.d. re-
peater indicators for most 400 cps, BUORD 
size 8 thru 15 single speed synchro inputs. Wide 
range of speed, torque outputs. Ambients to 
71°C., to 100°C. special. Models for 2-speed 
input on special order. For full data, write for 
Senn Requirements Sheet. 

SIXTY CYCLE REPEATERS. For 60 cps opera-
tion in ground support, shipboard and indus-
trial systems. Models to duplicate any of above 
400 cps types, with same choice of inputs and 
outputs, almost identical operation and specifi-
cations. Comparable miniature size for space 
economy with no sacrifice in performance. 

MINIATURE 
TRANSISTORIZED 

REPEATERS 

Miniaturized repeaters for single- and dual-
speed synchro, millivolt and resistance input. 
Case size from standard 2" O.D. down to 
BUORD size 15. Single- and dual-pointer dis-
plays; counter and encoder outputs where 
compatable with size requirements. Modular 

construction permits wide range of custom con-
figurations for specific applications. Our engi-
neering staff welcomes inquiries regarding 
special configurations and is available for 
consultation on your requirements. 

Write or call for literature or quotations on your requirements 

*NORTH ATLANTIC INDUSTRIES. INC. 

INSTRUMENTATION AND CONTROL SYSTEMS 
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now IN STOCK 
at local Distributors 

To meet space-age demands for greater 
accuracy and miniaturization, your BOSTON 
Gear Distributor now has fine-pitch 20° P.A. 
PRECISION Spur Gears IN STOCK. Standard 
sizes range from 48 to 120 D.P. —  10 to 40 
teeth in stainless steel, and 42 to 180 teeth 
in aluminum. 
Each Precision Gear is certified by BOSTON 

Gear to be AGMA Precision Class 1 or 
better. All materials and finishes conform to 

BOSTO 
CERTIFIED 

fine-pitch 

PRECISION 
GEARS 

Federal and Military specifications. 
Precision Gears are individually packaged 

in plastic containers and are delivered to you 
factory-sealed for your protection. 
Be cost-wise . . . standardize on BOSTON 

Gear Precision Gears . . . for certified quality 
. .. for nearby supplies IN STOCK. Call your 
Distributor for New Catalog PG 160 and 
complete information. Boston Gear Works, 
98 Hayward St., Quincy 71, Massachusetts. 

Advt. copyright by Boston Gear Works 

CALL YOUR BO e 

NEARBY 

DISTRIBUTOR -tee 

STANDARDAZAT/ON PAYS 

0.1•11M111••••••••••• 

'Yelle:7Peges' 

• • PRECISION 
.M• GRASS 
10. 

6 BOISTCl a, 
  01.111.11TO• 

Get the NEW 
PRECISION GEAR 

Catalog PG 160 
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SPRAGUE® 4 
4 

MODEL 500 
INTERFERENCE LOCATOR 44 

This versatile instrument is a 
highly sensitive interference lo-
cator—with the widest frequency 
range of any standard available 
unit! Model 500 tunes across the 
entire standard and FM broad-
cast, shortwave, and VHF-TV 
spectrums from 550 kc. to 220 
mc. in 6 bands. 

It's a compact, portable, rug-
ged, versatile instrument—engi-
neered and designed for most 
efficient operation in practical 
field use. It features a transistor-
ized power supply, meter indi-
cations proportional to carrier 
strength as well as sensitivity of 
5 microvolts minimum for 5% 
meter deflection over entire tun. 
ing range. 

For full details, send for bro-
chure IL-106. 

SPRAGUE ELECTRIC COMPANY 
35 Marshall Street, North Adams, Mass. 

4 

4 

4 

4 

1 

4 

WASHINGTON OUTLOOK 
TOUGHER PENTAGON POLICY on the rental and purchase of business-type 
electronic data-processing equipment is in the making. Among the prob-
able teeth in the new policy will be tighter Defense Department evaluation 
of feasibility proposals from agencies that want to use computers, and 
DOD "guidance," once a proposal is approved, on which machines to 
select. 
For some time there has been criticism in the Pentagon that military 

agencies are going overboard on use of business-type computers. Antici-
pated operating savings from computers are not showing up in many 
cases. 
A new report by the General Accounting Office, watchdog of the Penta-

gon's pocketbook, criticizes the Army's Transportation Materiel Command 
in St. Louis for installing a large-scale system. The project involved 
$300,000 for site preparation and an annual rental of about $360,000. 
After two years of operation, GAO charges, "supply operations (at the 
center have) not substantially improved." 
GAO blames "the selection and installation of equipment not adequate 

for effective performance of the desired workload, and the failure to 
perform an adequate feasibility study and to correct underlying basic 
weaknesses in the supply system." 
The accounting office wants the Pentagon to set "basic criteria for the 

selection of specific computer systems by military installations." A House 
Civil Service subcommittee has come out with a similar recommendation, 
calling for a central federal policy on computers, strengthened feasibility 
studies and a higher degree of standardization in federal use of data-
processing gear. 
Under the Pentagon's current system, the defense comptroller's data-

systems research staff must approve agency proposals showing more 
economic operation or improved management before any agency can 
contract for a business-type computer. But for the most part the agencies 
are allowed to select their own machines. 

This year the armed services will lease 455 business-type computers, 
paying a total rental of $83.8 million. Last year, 387 machines were 
rented at a cost of $61.7 million. Few business computers are bought 
outright by the military. 

LOOK FOR more value-engineering clauses in future Navy and Air Force 
contracts. Contractors will be encouraged to set up special engineering 
staffs to "analyze or appraise each element of design, manufacture, pro-
curement and installation of an item of hardware to achieve the required 
function specifications at the lowest possible cost." The purpose is to get 
the "goldplating" out of military contracts. 

Contractors will be allowed to share with the military agency the sav-
ings resulting from value engineering. 

Navy's Bureau of Ships, which has used value engineering for years 
in shipbuilding, is now pushing the concept in other areas of procurement, 
notably in electronics. Bureau of Naval Weapons and Army Ordnance 
are following suit, and soon the Air Force will be getting into the act. 
The Bureau of Ships allows contractors to keep 50 percent of the sav-

ings. Policy of the other services is not so definite. In any case, value-
engineering clauses offering financial incentives are considered the most 
suitable for fixed-price hard rare procurement covered by firm government 
specifications. 
The new interest in value engineering is reflected in Electronic Indus-

tries Association's plan to hold a symposium on the subject in Anaheim, 
Calif., next Wednesday and Thursday. 

DEFENSE DEPARTMENT will shortly release $8 million to the Navy for re-
search and development in antisubmarine warfare electronics. This is a 
small chunk of the approximately $500 million tacked onto the defense 
budget by Congress but not yet released by the administration. Addi-
tional funds for Army electronics procurement may also be made avail-
able soon. 
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Call your cj rep today for a 

demonstration of one of these 

I, Models 122A/AR provide simultaneous two-phenomena presentation, are ideal for direct 

00 

comparison of filter, amplifier output/input phenomena; vibration testing. Unique e front-
panel automatic calibrator waveform switch. Twin vertical amplifiers operate independent-
ly, simultaneously, differentially. Automatic triggering, automatic synchronization, single 
trace operation when desired. Sensitivity 10 mv/cm to 100 v/em, 15 calibrated sweeps, ver-
nier extension. Horizontal amplifier de to 200 KC. 122A (cabinet) or 122AR (rack) , $625. 

 DC to 300 KC —"BIG SCOPE" PERFORMANCE 

POPULAR 

OSCILLOSCOPES 
Production or lab instruments—Simple to use, even for non-
technical personnel—Moderately priced—Full 10 cm x 10 cm 
display—Automatic calibration waveforms—Low phase shift— 
Automatic triggering for optimum presentation—"Times-5" 
sweep expander magnifies trace, improves resolution. 

DC to 200 KC 
Models 120A/AR combine minimum controls with e automatic triggering 
for utmost speed, convenience. Horizontal amplifier de to 200 KC; phase 
shift only ± 2% to 100 KC. More X-axis information due to horizontal ampli-
fier sensitivity control, with vernier, 5% accuracy. Balanced input on most 
sensitive ranges for low level work. Times-5 sweep expander, all ranges. 15 
calibrated sweep speeds, 5 psec/cm to 0.2 sec/cm. Vernier, expander extend 
speed range 1 p,sec/cm to 0.5 sec/cm. 10 mv/cm sensitivity calibrated ver-
tical amplifier, drift-free trace. O 120A (cabinet) or e 120AR (rack) , $435. 

 DC to 200 KC — DUAL TRACE 

Models 130B/BR provide wide usefulness, simple operation and rugged dependability. 21 calibrated sweep 
times, 1 p,sec/cm to 5 sec/cm. Vernier, expander extend range 0.2 ,sec/cm to 12.5 sec/cm. Twin hori-
zontal and vertical amplifiers, phase shift +- 1° to 50 KC; sensitivity 1 my/cm to 125 v/cm. Balanced 
input on 6 most sensitive ranges. Common mode rejection 40 db. Stability 1 my/hour after warmup. 
Triggering automatic, internally, line power, externally, 0.5 y or greater. 00 130B (cabinet) or 130BR 

(rack) , $650. Data subject to change without notice. Prices f.o.b. factory. 

Thirteen precision 

oscilloscopes, 
de to 1,000 MC 

HEWLETT-PACKARD COMPANY 
1050A Page Mill Road Palo Alto, California, U.S.A. 
Cable "HEWPACK" DAvenport 6-7000 

Sales representatives in all principal areas 

HEWLETT-PACKARD S.A. 
Rue du Vieux Billard No. 1 Geneva, Switzerland 
Cable "HEWPACKSA" Tel. No. (022) 26. 43. 36 
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IT'S SIMPLE L IC 
...to standardize digital systems... and si iiiIiIv maintenance 

with RADILOGS 

"Radilogs" are small plug-in logic modules that make possible 
entire digital systems, using a repetition of as few as two basic 

circuits. Maintenance involves consideration of only two parameters, 
saturation and cut-off. Simple rearrangement of a group of "Radi-
logs" produces entirely new configurations of logic networks. Thus 
many a costly system that has served its original purpose is saved 
from obsolescence. New systems can be designed for greater sim-
plicity and versatility at lower cost. 

Radiation developed and presently offers "Radilogs" in three 
circuit configurations: NOR, Differentiator and Power Driver. Each 
of these is available in three speed ranges: low, medium and high. 
Encapsulated and color-coded, they plug into standard 9-pin minia-
ture tube sockets. 

For technical information and prices, write to Radiation Inc., 
Dept. EL-9, Melbourne, Fla. 

ege 

THE ELECTRONICS FIELD ALSO RELIES ON RADIATION FOR... 

TOMS - Telegraph Distortion Monitoring System pin-
points type and source of trouble on teletype, data 
processing and similar communications links without 
interrupting traffic. Ultra-compact TDMS can replace 
most test equipment now required for teletype mainte-
nance and monitoring. 

RADIPLEX- 48-channel low-level multiplexer with broad 
data processing applications. Features rugged solid-
state circuitry, almost unlimited programming flexibility, 
unique modular construction for compactness and ex-
ceptional ease of operation and maintenance. 

TELEMETRY TRANSMITTER -Model 3115 is a rugged-
ized 215-260 MC unit with extremely linear FM output 
under the most severe environmental conditions. With 
its record of outstanding performance in many missile 
programs, Model 3115 is specified by leading missile 
manufacturers. 

RADIATION 
NCO re 1=4 0 Pt A TUC> 

J 
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Resinite 
Vinyl Glass 

*Rea. TM— 
Owens-Corning FiteraMs Corp. O The Borden Company 

An insulation you can flex 

...twist...pound...vibrate 

...heat...soak with oil 

This is a completely new insulation that 
can take every abuse listed above without 
cracking, crazing or loss of its high 8,000 
volt electric strength. Resmite is a vinyl-
coated Fiberglas* sleeving that surpasses 
all NEMA standards. 

COMPARE THESE POINTS 

• Better color stability and smooth, clean 
surface texture. 

• New process assures permanent adhe-
sion of vinyl coating. 

• 8,000 volts min. dielectric rating. Also 
4,000 and 2,500 volt grades. 

• Outstanding flexing, abrasion and cut-
through resistance. 

• Withstands heat to 395°F. (20 hrs.). 
Flexible at —50°F. 

• Excellent resistance to oils, gases, 
chemicals, mild acids. 

• No wicking. 

• Grades B-A-1, B-B-1, B-C-1, B-C-2. 
Exceeds NEMA standards. 

• Sizes J24 to 1". Black, yellow. Other 
colors on special order. 

• Priced comparably to ordinary cotton 
base insulations. 

INtII 
VINYL 
' (Van 
. , 

"6 
Test it yourself! Call your Resinite distributor 
or write for samples and performance data: 
RESINITE DEPARTMENT 

THE BORDEN" 
CHEMICAL e  .•e 

COMPANY 

Clark Street, North Andover, Mass. 
P.O. Box 430, Compton, Calif. 
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Graphite Facts 

by George T. Sermon, President 
United Carbon Products Co. 

Purchasing Policy... 
and Russian Roulette! 
Management policy decisions 
sometimes seem somewhat like 
Russian Roulette. For example: 

"Three competitive bids will be 
obtained. The company submit-
ting the lowest bid will be 
awarded the purchase order. Un-
der unusual circumstances, the 
second lowest bidder will be cho-
sen and a letter of explanation 
submitted to the president." 

Sound familiar? And, in five of six 
purchases, this policy is as harm-
less as the unloaded chambers of 
a revolver used in Russian Rou-
lette. However, there's always a 
good chance that an order placed 
according to policy can be a ma-
jor disaster. Since your Purchas-
ing Agent is human, he will feel 
he's doing his job best by shop-
ping for price. There's the danger 
. . . policy replaces judgment. 

I have seen this happen time and 
again in the rapidly growing semi-
conductor field. Graphite boats 
will be purchased because of a 
small price advantage (a matter 
of policy) without regard for: 
ability to deliver future orders 
of consistent quality; breadth of 
experience which could help 
solve or circumvent production 
bottle-necks; capacity to meet the 
future potential of your own pro-
duct; financial soundness and 
business responsibility. 

When you buy a United product, 
you get all of this. It's our policy. 

UNITED carbon products co. 
7 4 7 BAY CITY, MICHIGAN 

FINANCIAL ROUNDUP 

Ampex Plans New Merger 

BOARDS OF DIRECTORS of both Ampex 
Corp. and Telemeter Magnetics, 
Inc., Culver City, Calif., have 
adopted a resolution recommend-
ing merger of Telemeter into Am-
pex, subject to approval by share-
holders of both companies. Merger 
will be on the basis of one Ampex 
share for two shares of Telemeter. 
The proposal will be submitted to 
the two shareholder groups at meet-
ings slated for later in the year. 

Reported acquisition of L. C. Mil-
ler Co. by ITT (ELECTRONICS, p 20, 
Sept 9), was erroneous. The pur-
chase was of the vibration testing 
equipment developed by Miller. 
The sale involved only a minor 
portion of L. C. Miller assets, ac-
cording to company president L. C. 
Miller, and the company is expand-
ing facilities to meet customer 
requirements and to further devel-
opment programs on induction 
heating equipment and related 
items. 

Magnetics Inc., Butler, Pa., pro-
ducer of electronics components, 
reports purchase of Kemco Corp., 
industrial control panel manufac-
turer, Sandy Lake, Pa. Purchase 
was through exchange of stock 
whereby one share of Magnetics 
was exchanged for 3-1/16 shares of 
Kemco, plus cash to cover fractional 
shares. Kemco shareholders will 
divide 5,109 shares of Magnetics, 
or about $62,580 worth of stock. 

D. S. Kennedy & Co., Cohasset, 
Mass., reports sale of $1 million in 
5..-percent debentures with war-
rants attached. The placement was 
a private one negotiated by E. F. 
Hutton & Co. The debentures are 
subordinated to short-term bank 
loans. One half of the issue is due 
Sept. 1, 1963, the other Sept. 1, 
1965. C. F. Mooney, Kennedy presi-
dent, says the additional capital is 
needed to finance expanding busi-
ness. 

Alloyd Electronics Corp., Cam-

bridge, Mass., announces the sale 
of $400,000 of its eight-percent con-
vertible debentures to Electronics 
Capital Corp. The debentures are 
convertible into 45 percent of Al-
loyd's total common stock. The 
Massachusetts firm is engaged in 
research and development of elec-
tron beam equipment for vaporiz-
ing, refining and welding metallic 
and ceramic elements. This is 
ECC's 12th such investment. 

Daystrom, Inc., Murray Hill, N. J., 
reports filing of a registration state-
ment with Securities and Exchange 
Commission covering a proposed 
offering of $10 million sinking fund 
debentures, due Oct. 1, 1980. Inter-
est rate and offering price will be 
announced later. Goldman Sachs & 
Co., and R. W. Pressprich & Co. 
head a group of underwriters plan-
ning to offer the securities. Pro-
ceeds from sale of the debentures 
will be used to replenish and in-
crease working capital. The sink-
ing fund will provide for retirement 
on April 1, 1964 through 1980, in-

25 MOST ACTIVE STOCKS 
WEEK ENDING SEPTEMBER 16, 1960 

SHARES 
(IN 100's) HIGH LOW CLOSE 

Ampex 
Universal Control 
Avco Corp 
Gen Dynamics 
Gen Tel & Elec 
Collins Radio 
RCA 
[lec 8, Mus Ind 
Gen Electric 
Sperry Rand 
Gen Instrument 
Zenith Radio 
Beckman lnst 
Westinghouse 
Texas lost 
Varian Assoc 
Intl Tel & Tel 
Telectro Ind 
Reeves Sndcrft 
Sterling Precis 
Bulova Watch 
Standard Kollsman 
Polarad 
Heli-Coil 
Litton Ind 

1,173 
1,035 
910 
883 
835 
595 
565 
559 
525 
423 
409 
396 
376 
371 
353 
328 
322 
311 
294 
290 
288 
285 
275 
269 
264 

28% 
183/0 
153/4  
403/4 
293/4 
573/4 
593/4  
7% 

803/4  
213/4  
391/2 
1251/2 
981/2 
531/4 
1977/a 
503/4 
403/4 
201/2 
83/4 
27/8 

211/2 
243 4 
2818 
501/4  
82 

263/8 
171/a 
143/4 
381/4 
281/4 
511/4 
561/a 
6% 

78 
21 
36 
1181/4 
913/4 
501/2 
1831/4 
451/4 
381/a 
181/a 
71/2  
2% 

191/4 
223O 
26% 
431/4 
763/8 

28 
18% 
143/4 
383/4 
28% 
511/4  
563/a 
7 

781/4 
21 
36% 

120 
923/4  
51 
1851/4 
453/a 
381/4 
19 
7% 
2% 

20 
23141 
273/a 
431/2 
761/2 

The above figures represent sales of electronics 
stocks on the New York and American Stock 
Exchanges. Listings are prepared exclusively for 
ELECTRONICS by Ira Haupt 8c Co., investment 
bankers. 
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elusive, of not less than $470,000 
nor more than $940,000 principal 
amount of indebtedness. 

Negotiations on the merger of Milo 
Electronics, Inc., New York, into 
Newark Electronics Corp., Chi-
cago, have been agreed to in prin-
ciple, according to a joint state-
ment by the two firms. Although 
exact terms are not disclosed, the 
merger would be effected through 
an exchange of stock with all of 
Milo's shares being traded for an 
undisclosed number of Newark 
shares. In the fiscal year ended 
Aug. 31, Newark sales were about 
$12 million. Milo's annual volume 
last year was about $5 million. 

Magnetic Control Co., Inc., Minne-
apolis, announces successful com-
pletion of a $700,000 offering of 
stock. The 233,000-share issue 
marks the first time in the history 
of the eight-year old company that 
the stock has been publicly traded. 
Completion of the sale brings the 
total shares outstanding to 1,743,-
600, with another 381,400 shares 
authorized but not issued. 

Automation Industries, Manhattan 
Beach, Calif., manufacturer of mag-
netic ultrasonic and missile struc-
tural products, announces a 24-per-
cent increase in sales for the six 
months ended June 30, 1960. Con-
solidated sales for the first half 
were $1,913,010, compared with $1,-
538,512 for the same period a year 
ago. Consolidated earnings were 
$153,364 on 1,048,631 shares out-
standing. This includes $66,770 de-
rived from the sale of patent rights 
and $10,000 from the company's 
Industrial Leasing division. 

Small Business Administration an-
nounces prime military and civil-
ian government contracts valued 
at $91,356,047 went to small con-
cerns during July of this year as 
a result of SBA efforts. Total con-
tracts awarded during the month 
numbered 2,438. Of these, 1,872 
were military, 566 civilian. SBA 
men also were able to earmark 
$115 million in proposed spending 
for small companies. Military total 
was $99.4 million, civil, $15.1 mil-
lion. The funds were set aside 
with help from civilian agencies. 

the first complete line of 
TRANSISTOR 
VOLTMETERS . . 

All-TRANSISTOR MIL TRVMs 
• miniature, panel-mounting, for build-in applications 
• power supplies included—no battery replacement or checks needed 
• isolated inputs • low power consumption 

• compact (as small as 2.85" diameter by 6" deep including terminals) 
• lightweight • longer life 

Model Meter Description Price 

301-1 AC TRVM 
3024 AC TRVM 

303-1 AC TRVM 

304-1 AC TRVM 

305-1 DC TRVM 

305-2 DC TRVM 

31/2 " 
31/2 " 

21/2 " 

21/2 " 

31/2 " 

31/2 " 

zero-left, from 10MV range 
zero-center, phase sensitive, 

from -4- 10MV 
50% less panel area than 

Model 301-1 
zero-center, phase sensitive, 

from ± 10MV 
zero-center, no zero-set, 

±-. 100MV range 
zero-left version of 305-1, 

250MV range 

$250.00 
275.00 

275.00 

300.00 

225.00 

225.00 

Note: Due to heavy demand, present delivery of most models 
is 6-8 weeks. For complete literature, write to Dept. E•9. 

e 1960, Trio Laboratories, Inc. 

... when ordinary instruments are too big or inadequate. 

TRIO LABORATORIES, INC. 
Plainview, Long Island, New York 
OVerbrook 1-0400 • TWX HKVL 1166 
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MARKETING 

FLEXIBLE PRINTED WIRING • Annual Sales Potential 

'wore 
OF —\ 
LARS 

$ 250 

Seoee. SANDOS ASSOC..n$ 

Flexible Printed Wiring Sales to Rise 

FLEXIBLE PRINTED WIRING sales to 
the electronics industry will reach 
$500 million annually, according to 
Royden Sanders Jr., president of 
the New Hampshire company which 
introduced a Flexprint system two 
years ago. No timetable was set, 
but it is expected that it will take 
at least 10 years to reach that sales 
figure. 
Demonstrating a four-pound flex-

ible printed wiring system which 
replaces a 56-pound wired harness 
for missiles. Sanders told the So-
ciety of Security Analysts in New 
York that flexible printed wiring 
also has a promising future for 
wiring electric ranges and auto-
mobile electrical systems. 
Many companies are already de-

signing flexible printed wiring into 
new products to be automated and 
the telephone industry has begun 
an exhaustive series of tests, he 
said. 

Military electronic equipment 
manufacturers can expect lower 
growth rates in future, Electronic 
Industries Association reports. The 
phenomenal yearly market expan-
sions of 15 to 25 percent since the 
Korean war will slow down to 8 to 
10 percent in the next five to ten 
years, members were told at the 
association's annual fall conference. 

Position taken by EIA was based 
on an opinion survey among more 
than 50 military marketing experts 
on the Military Marketing Data 
Committee, which is headed by 
L. H. Orpin, manager of defense 

200 

150 

100 

SO 

planning for RCA. 
Reasons given for the slowdown 

by EIA are reduced aircraft ex-
penditures, the near completion of 
the national air defense system and 
the concentration by the military 
on few, rather than many, major 
missile systems. 

Expected slowdown will not af-
fect all products, the committee in-
dicated. Areas where future pros-
pects are promising include ballis-
tic missile defense, so-called exotic 
weapons, surveillance systems, com-
munications systems for the control 
of combat forces and intelligence 
operations, and the application of 
electronics to civil defense. 
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BRAND-REX 
CABLEMANSHIP 

The Big Difference 
In MIL-C-1377713 

Neoprene 
Jacketed :ables! 

Missile men, especial y, know the 
advantages of Neoprene jacketed 
cables . . . low temperature flex-
ibility, abrasion resistEnce and 
resiliency. And missile rien who 
are aso cEblemer know it pays 
at the count down o count on 
Brand-Rex Cablernanship! And 
you should toc. 

There's more to the abscrute reli-
ability of Brand-Rex cables than 
just rigid adherence to specifica-
tions. Brard-Rex C:ablemanship 
combines techno ogy, sk;14 broad 
cable engineering services, pro-
duction capability ol.three coast-
to-coast plants and technical field 
service . . all delivered by a 
tightly-knit organizeon backed 
by the vast resources of the 
American Enka Corooratiorn. 

Whatever your requ'rements for 
wire or cable, regérdiess of the 
rigidity of your spec fba:ions for 
conductors, layup patterns, risu-
lation materials, shielding or 
armori -tg, ycu can count on the 
Cablemansh p of Erand-Rex. 

Write for samples é pc1 i ryrorma-
tion today! 

WILLIAM BRAND-REX 

DIVISION 

American ENKA Corooration 
SUDBUqY ROAD, CONCORD, MASS. 
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the big difference in Teflon® 
Insulated Wire and Cable! 

From the smallest single conductor hook-up wires to 

the most complex Teflon primary insulated and 

jacketed multiconductor cables, Brand-Rex Cable-

manship makes the difference. 

And what is Brand-Rex cablemanship? Of course it 

involves technology and skill. But more than that, 

it's a tightly-knit organization of broadly experienced 

cablemen backed by the vast resources of the Ameri-

can Enka Corporation. It's progressive cable design 

engineering. It's the production capability of three 

modern quality-controlled production plants, strate-

gically located from coast to coast, operating around 

the clock with the most advanced high-speed equip-

ment. Combine these with technical field service in 

depth and that's Brand-Rex Cablemanship! 

In terms of your requirements for Teflon TEE or FEP 

insulated wire or cable, Brand-Rex cablemanship will 

pay big dividends to you ... regardless of how varied, 

complex or rigid your requirements may be for con-

ductors, lay-up patterns, shields, armors or jackets. 

For complete information and samples, write today! 

Shown: Special cable design includes 3 miniature 

coaxial cables, center, having Teflon TEE primary 
insulation. Other conductors insulated with Teflon 
FEP. Braids Dacron. Jacket Neoprene. 

Left: Cables can be furnished with individual coax-

ials, pairs, triples or other components positioned 

within the cable exactly to specs. Center: Brand-Rex 

coaxial cables use Teflon dialectrics and meets all 
government and commercial requirements. Right: 

Brand-Rex quality-control procedures cover every 

step of manufacture. 
,Registered Trademark of DuPont 

1110WILLIAM BRAND-REX DIVISION 
REX ) e— American EN "A Corporation 

DEPT. W, 38 SUDBURY ROAD, CONCORD, MASSACHUSETTS 
Telephone: EMerson 9-9630 

Vinyl, Teflon,Polyethelene, Nylon and Silicone Rubber Wires and Cables 

Electrical Tubing and Sleeving —UHF Cast Plastics—Plastic Extrusions 
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NOW... Cambion Guaranteed Quality 

in Computer Components, Too! 

Now you can build extra reliability into elec-
tronic data processing systems ... with 
CAMBION Computer Components. These 
unique, geometrically identical building blocks 
are manufactured by the new CAMBION Com-
puter Components Division. Like all CAMBION 
Components, these modules are subjected to 
rigorous electrical and mechanical tests, bringing 
you positive dependability. Used in storage or 
computation circuitry, they provide the positive 
approach to efficient, trouble-free operations. 

Al! modules incorporate CAMBION advanced 
design. Compact and lightweight, they're 
matched to today's ever-shrinking component 

• mum 
FLIP-FLOPS 

I May be triggered at rates from 
DC to over 10 million times per 

I second. Output voltages: —11.2 II 
in the "low" state, —0.15 in the II 

I "high" state. Operates at tern- I 
• peratures from —55°C to +55°C. 

'MAMMON MIMMIIMMM11111111111•11111•MIE IIMIM MU 

space allotments. (For example, a Flip-Flop 
weighs only 9 grams, and all modules are the 
same size and shape — .35 cubic inch.) Standard 
7-pin design permits easy insertion into socket or 
printed circuit board work or reliable permanent 
installation. Bright color-coding makes each 
module distinctive and distinguishable from all 
others ... particular circuits can be recognized 
easily. And every module has a high figure of 
merit for speed and reliability vs. cost and size. 
Write CAMBION Computer Components Divi-
sion, 437 Concord Avenue, Cambridge 38, Mas-
sachusetts, and get complete specifications for 
the following CAMBION Computer Components: 

MI WI MI 1111 OM 

And Gates/Or Gates 
Each type accepts 5 separate in-
puts. Output voltage is same as 
the (algebraically) lowest input 
voltage in the And Gate; and 
same as the highest input volt-
age in the Or Gate. 

edeerdtletWeemee,e01,,40,* 

Mee 

gee 

au? 

nt•ur 

%%US 

0.0*.tt 
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AMMO 

PIN NO etteZ.Ci elle 

e 444.u, 
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5 fiéPvi 

• -,e,ecos 
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Buffer Amplifiers 
High output impedance. Low 
output impedance permits high 
fan-out. Repetition rates cover 
the broad range of DC to 10 
MC. 
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• 
II Inverters i 
I Superior repetition rate capabil- I 

ities (DC to 10 MC). Each 
a module contains two independ- il 
111 ent inverters. Input and output 

are compatible with all other 
modules. 

In NMI BB IM la MI IB 

▪ Level Triggers 
11 Unique 's'hon'nfpeuattuîs n-e oprovid.r es 
. ▪ storage, o 
• cuited output remains paeticalst-
. input level and drop in voltage 
• is prevented. 

▪ El MI IN Ma III 

IBM 

CAMBRIDGE THERMIONIC CORPORATION 

ZJIii3dCoDO® 
The guaranteed electronic components 

• 

INPUT 

• • VOLys 

CMOUle 

-1 .01.ts 
*eft, 

Otirsqty 
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AVIEN-BOGNER ANTENNAS 
A dramatic breakaway from the limitations of conventional antenna 
types, Avien-Bogner Antennas offer unparalleled capability for pre-

cise integration into advanced telemetry, tracking, surveillance, 

scatter communications and radar systems. 

Designed around the patented Bogner bipolarized endfire element 
modules, they can be quickly supplied in configurations to meet a 

'wide variety of complex requirements in the VHF, UHF and SHE. 
bands. Characteristics include high gain, multi-octave frequency 
coverage, excellent side lobe control, rapid variation of beamwidth, 

and accurate self tracking. 

And —Avien-Bogner antennas afford real savings in cost, size and 

weight over large steerable or fixed paraboloids with comparable 
performance. For the complete story, call or write today. 

AVIEN, INC., 58-15 NORTHERN BLVD., WOODSIDE 77, N.Y. • (212) YE 2-4600 

AERO-SPACE AND GROUND SUPPORT SYSTEMS ENGINEERING IN: ANTENNA 
SYSTEMS* FUEL AND PROPELLANT MANAGEMENT * TEMPERATURE MEAS-
UREMENT AND CONTROL* LIQUID FLOW INSTRUMENTATION CHECKOUT 

Broadband acquisition 
and tracking 

Multi-octave surveil-
lance and tracking 

Very high gain UHF 
tracking and telemetry 

Fixed and mobile scat-
ter communications 

CIRCLE 25 ON READER SERVICE CARD 

• 



seev•W• 

Take 

ANY 
ONE le 

for only 

Switching Circuits - 
With Computer Appli-
cations by W. Hum-
phrey, Jr. Applies 
switching-circuit tech -
niques to design of 
electronic systems. 
Publisher's Price, $8.50 

Club Price. $7.25 

Pulse and Digital Cir-
cuits. by J. Millman 
and II. Taub. Eyplains 
circuits for effective 
electronics systems de-
sign. 
Publisher's Price, $13.50 

Club Price, $11.50 

Magnetic Amplifier En-
gineering by George M. 
Altura. Gives princi-
ples and applications 
of magnetic amplifiers. 
Publisher's Price, $7.50 

Club Price, $6.40 

Handbook of Semicon-
ductor Electronics by L. 
Hunter. Covers princi-
pies of operation, man-
ufacturing, applica-
tions. 
Publisher's Price, $14.00 

Club Price. $11.90 

Transistor Circuits and 
Applications edited by 
John M. Carroll. Hun-
dreds of transistor cir-
cuits tor scores or ap-
plications. 
Publisher's Price. $8.00 

Club Price, $6.80 

Electronic Measure-
ments by F. Termas 
and J. Petit. 2nd Ed. 
l'ov ers measurement 
fundamentals in radio. 
TV. radar, and other 
pulsed systems. 
Publisher's Price, $12.50 
Club Price, $10.65 

Mathematics for Elec-
tronics with Applica-
tions by Henry M. 
Nodelinan and Fred-
erick W. Smith, Jr. 
Mathematical methods 
for solving over 300 
typical electronics prob-
lems. 
Publisher's Price, $7.00 

Club Price, $5.95 

Engineering Electronics 
-with Industrial As-
lineations and Control 
by John D. Ryder. 
Tells how to work with 
and design modern 
electronic equipment. 
Publisher's Price. $10.50 

Club Price, $8.95 

System Engineering-
An Introduction to the 
Design of Large-scale 
Systems by Harry 
Goode and Robert E. 
Machol. Modern meth-
ods for solving prob-
lems of large-scale sys-
tems. 
Publisher's Price. $11.50 

Club Price, $9.80 

Operational Mathema-
tics by fluet V. Church-
ill. 2nd Ed. Shows 
when, why, and how 
integral transformations 
are used. 
Publisher's Price, $7.5:: 

Club Price, $6.40 

MAIL COUPON AT RIGHT TODAY 

00 
VALUES UP 

ra $14.00 

SPECIAL INTRODUCTORY 

OFFER 

To NEW MEMBERS 
of the 

Electronics and 

Control Engineers' 

Book Club 

• 

How many of these books do you 
wish you had at Club savings? 

Select one for JUST A DOLLAR! Choose from Engineering Elec-
tronics, Pulse and Digital Circuits, Electronic Measurements, and 
seven other valuable books . . . your introduction to membership in 
the Electronics and Control Engineers' Book Club. 

If you're missing out on important technical literature-if today's 
high cost of reading curbs the growth of your library-here's the 
solution to your problem. The Electronics and Control Engineers' Book 
Club was organized for you, to provide an economical technical reading 
program that cannot fail to be of value to you. 

All books are chosen by qualified editors and consultants. Their thor-
oughgoing understanding of the standards and values of the literature 
in your field guarantees the authoritativeness of the selections. 

HOW THE CLUB OPERATES 

Every second month you receive free of charge The Electronics and 
Control Engineers' Book Bulletin (issued six times a year). This gives 
complete advance notice of the next main selection, as well as a number 
of alternate selections. If you want the main selection you do 
nothing; the book will be mailed to you. If you want an alternate se-
lection ... or if you want no book at all for that two-month period ... 
notify the Club by returning the form and postage-paid envelope en-
closed with your Bulletin. 

SAVES YOU MONEY AND THE BOTHER OF SHOPPING 

We ask you to agree only to the purchase of three books in a year. 
Certainly out of the large number of books in your field offered in any 
twelve months there will be at least three you would buy anyway. By 
joining the Club you save yourself the bother of searching and shop-
ping, and save in cost about 15 per cent from publishers' prices. 

Send no money now. Just check any two books you want-one for 
only $1.00 and one as your first Club selection-in the coupon below. 
Take advantage of this offer now, and get two books for less than the 
regular price of one. 

THIS COUPON WORTH UP TO esN'3e 

The ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB, Dept. L-9-30 
327 West 41st Street, New York 36, N. Y. 

Please enroll me as a member ot the Electronics and Control Engineers' Book Club. 
am to receive the two books t have indicated at the tight. You vvIll bill me for 

my first selection at the special club price and $1 for my new membership book, 
plus a few additional cents for delivery costs. (The Club assumes this charge on 
prepaid orders.) Forthcoming selections will be described to nie in advance and 
I may decline any book. I need take only 3 selections or alternates in 12 months 
of membership. (This offer good in U.S. only.) 

Cheek 2 books; #1 for dollar book and #2 for Club selection 

13 Switching Circuits, $7.25 
D Pulse and Digital Circuits. 

211.50 
D Magnetic Amplifier Engineer-

ing. $6.40 
D Handbook of Semiconductor 

Electronics, $11.90 
D Transistor Circuits and Ap-

plications, $6.80 
PLEASE PRINT 
Name   

1ddress   

lily  Zone  State   

I .01111,1111, 

NO RISK GUARANTEE 
1111•111111.1•SiliV %Oil be canceled. 

D Electronic Measurements. 
$10.65 
Mathematics for Electronics 
with Applications, $5.95 
Engineering Electronics, 
$8.95 
System Engineering, $9.80 
Operational Mathematics, 
$6.40 

It not completely satisfied, you may return 
your first shipment within 10 days and your 

L-9-30 
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Micro-miniature 

CERAMIC 
CAPACITORS 

Meets MIL-C-11015/18 and 19 (USAF) 

UNCASED CASED 

• 47-10,000 mmf 
• —55°C to 150°C 
• 200 vdc rating 
• Small case size: 

.2 x .2 x .1 through 1000 mmf 

.3 x .3 x .1 through 10,000 mmf 

• Also available uncased 
for complete assembly 
encapsulation. 

Il  Cr?i,u u 
I 

 Rugged pre-molded flame-
resistant outer case assures 
standard wall thickness, guar-
anteeing environmental im-
munity and absolute product 
uniformity. Square modular 
shape affords highest capac-
ity per usable volume. 

 Epoxy potting solidly an-
chors, hermetically seals ca-
pacitor within case; increases 
mechanical strength and elim-
inates humidity leaks around 
leads. 

  Resilient, moisture-proof 
plastic sheathing protects unit 
during assembly and absorbs 
thermal shock at extremes of 
temperature cycling. 

 Uniformly exact dielectric 
margins around electrodes 
eliminate short circuiting and 
breakdown across edges un-
der surge voltages through 
400% of rating. Single stand-
ard 0.2" lead dimension for 
all values simplifies circuit 
design. 

INCORPORATED 

Box 544, Bridgeport 1, Conn. 
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JONES & LAMSON 

OPTICAL COMPARATORS 

Two small holes in-
spected at bottom of 
2 deep hole. 

Carburization and 
grain structure easily 
checked at 50X. 

Sectioned specimen of 
fabric imbedded in 
rubber diaphragm. 

Now, users of J & L FC-14 and TC-14 
Optical Comparators can easily and accu-
rately inspect cast materials, deep holes, and 
penetration of heat treat, and can make their 
over-all inspection operations more efficient 
than ever before. 
J & L's new Normal Reflection Unit, shown 

here, is designed to produce the maximum 
amount of reflectivity, regardless of the surface 
finish of the part being inspected. This new 
unit gives brighter-than-lifelike images, with 
clean, razor-sharp definitions, without heat 
and without distortion. 

This revolutionary development makes it 
possible to inspect by reflection and by pro-

New reflection unit makes "tough" inspections easy 

jection simultaneously. Reflection can be 
directed from above, below, or either side. 
Effective light is increased at least 55% by 
means of a spherical reflector, which concen-
trates and redirects light into the optical 
system. 
With J & L's True Telecentric Lens Sys-

tem, depth of focus of up to .100" can be 
obtained. And the image does not change size 
during focusing! The entire unit, is externally 
mounted to isolate convected heat from the 
optical system. 

Write for free, illustrated folder LO-5918. 
Jones & Lamson Machine Company, 539 
Clinton Street, Springfield, Vermont. 

Turret Lathes • Automatic Lathes • Tape Controlled Machines • Thread & Form Grinders • Optical Comparators • Thread Tools 
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DAPON® (diallyl phthalate) 
offers permanence of 

insulation resistance under severe 
humidity and temperature conditions 

This plastic is ideal for applications where 
changes in humidity can affect electrical values. 
DAPON can prevent costly "in service" failures in 
electrical and electronic components. 

A new molded plastic potentiometer produced by New 
England Instrument Company features exceptional re-
sistance to humidity, high reliability and low noise. 
A raised conductive plastic ring is used in place of 
resistance wire in these miniature units. The new po-
tentiometers are ideal for servo and instrumentation 
applications where long life and extreme accuracy are 
important factors. 
The solid resistance element, insulating base and sil-

ver terminal leads are molded in one operation with 
DAPON (diallyl phthalate) Resin. Result: a single, almost 
indestructible precision unit. 
New England Instrument chose DAPON because of its 

superior electrical and physical properties, and its low 
moisture absorption. DAPON also molds easily around 
metal inserts without cracking, and withstands ex-

- tremes of temperature, vibration and shock. 
Specify DAPON (diallyl phthalate) Resin when you 

need: 
• Low dielectric loss 
• High dielectric strength 
• Superior dimensional stability 
• Excellent arc resistance 
• High volume and surface resistance after high 

humidity-high temperature conditioning 
Write for FMC's data sheet containing technical in-

formation about DAPON, suggested uses for this resin, 
and the names of DAPON compounders. 

FIRST DAY 

DAPON 

PHENOLIC 

MELAMINE 

ALKYD 

000,000 

100 

90 

50 

AFTER 30 DAYS AT 100% RH AND 80 F. 

AND AFTER REMOVING MOISTURE FILM 

FOOD MACHINERY AND CHEMICAL 
CORPORATION 

Dapon Department 
e 161 East 42nd Street, New York 17, New York 
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Heinemann's new Series VP circuit breaker can give you elbow room to work with in engi-

neering compact equipment. Just 21/2" x 5/8" x 21/4" overall, it tips the scales at a piddling 
11/2  ounces, and requires only a half-inch of panel space (without the ON-OFF plate). Yet, 

small as it is, it can double in brass. The standard series-trip model, for example, can serve 
you as a toggle switch as well as overload protector. Other models with special internal 

circuit constructions (shunt-trip, relay-trip, calibrating-tap, auxiliary contacts) can do even 

more to simplify a schematic, eliminate components. D Like all Heiriemann circuit breakers, 

the VP breaker is magnetically actuated, has a hydraulically controlled, inverse time delay. 

Completely non-thermal, it doesn't have to be de-rated for high ambient temperatures. 
You can have this breaker in any integral or fractional current rating from 0.050 to 15 

amps, for 110 V, 60 or 400 cycles AC, or 50 V DC. Our new Bulletin VP will give you more 
information. Drop us a line, and a copy's yours. 

HEINEMANN ELECTRIC COMPANY e> 176 BRUNSWICK PIKE, TRENTON 2, Ni. 

11 11111 11111 
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EINENte,"•!',: EL FC'..;"1 
TPC ' CAl n.(.; AMPS. 6 CYCL. Li' 60 VOLTS /.15 CUR. 58 F NO 

If III! 1111111 e , 111111111111111 
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admilihhhhiailthith 
Try this breaker for size 

SA 23t6 
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firewalls or industrial facilities., for missiles or the most advanced spacecraft 

—we have a plug to solve your temperature problem. Another reason why 

you should consult the world's most experienced plug manufaclurer... 

why you should consult Cannon for all your plug requirements! 

CANNON ELECTRIC COMPANY, 3208 Humboldt St., Los Angeles 31, Calif. 

HIGH 
TEMPERATURE 

Write for literature on 

Whatever the application, Cannon's CANNON high-temperature plugs, or 
broad line of heat-resistant plugs 

other Cannon products to: 
provides the optimum protection to vital 

operation from 200°F to 2000°F—at aircraft  electrical circuits. Continuous or specified PLUGS 
CANNON 
PLUGS 
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ADVANCED FACILITY TO IMPLEMENT 
ADVANCED CONCEPTS IN COMPUTER SYSTEMS 

Merritt MacKnight, Manager, Sys-

tems Development Department, 

demonstrates the sophisticated de-

sign of a Litton digital computer 

assembly for the new Grumman A2F. 

Welded wire techniques substan-

tially increase component packing 

densities. 

This 180,000-square-foot building is the first unit of a facilities 

complex which eventually will comprise 825,000 square feet in the 

Los Angeles suburb of Woodland Hills, California. This facility of the 

Electronic Equipments Division of Litton Industries is designed 

for maximum convenience, comfort, and efficiency. 

The primary areas of work here are the research, development and 

production of advanced real-time digital computer systems miniaturized 

for airborne applications; and high speed general purpose digital 

computers which incorporate the latest advances in the state of the art. 

In our Guidance Systems Laboratory, pure inertial, astro-inertial, 

and inertial-doppler guidance systems are brought from newborn 

concepts to operating equipments. 

If personal reasons dictate that you seek a new association 

at any time during the year, contact Mr. Sheldon Hirsch, Head, 

Research & Engineering Staff, Ventura Freeway at 

Canoga Avenue, Woodland Hills, California. 

LITTON SYSTEMS, INC. 
Electronic Equipments Division 

Woodland Hills, Canoga Park, Beverly Hills, California • Waltham, Massachusetts 

Computer d, Control Systems • Tactical Data Processing Systems • Inertial Guidance d, Navigation • Advanced Communication Techniques 

• 
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12,500,000 FLYING HOURS 

PROVE NEW BART SHD NICKEL 

VIRTUALLY ELIMINATES ABRASION 

AND EROSION DAMAGE-

PROVIDES HIGH SURFACE HARDNESS-

CUTS MAINTENANCE COSTS 

Aircraft propeller blades, launching structures, radar an-

tennas, missile structures, exotic fuel tanks, petrochemical 

barges, nuclear control rods and hardware, underwater 
applications, industrial rollers, bearings, shafts and wher-
ever high heat, sub-zero cold, corrosion, erosion and other 

difficult environments are present, Bart electrochemical 

experience has been relied upon by the military and 
leaders of industry. 

Now! the Bart SHD Nickel—a nickel at a hardness not known 

before (600 vickers) is available. This new advancement is 
approximately equivalent to an equal Brinnel number and yet, 

ductrie enough to be wrapped around a 14" rod, without any sign 
of cracking. The Bart SHD Nickel has a compressive stress from 

4000 lbs. PSI to 8000 lbs. PSI, which assures no reduction in 
fatigue life. It can be applied in thickness from a few thousands 

of an inch to .030" or .040" and even heavier if required. It has 

levelling properties and is pore-free in thickness over .005". 

Bart research is contributing in the fields of Electrochemistry, 
Electrochemical devices, functional Electroplating, precious metals, 

plating and Electroforming to the Titan, Corvus, Atlas, Thor, 
Saturn, Nike Hercules, Nike Zeus, Tiros, Minuteman and recently 

the first man-made object ever retrieved from a space orbit, the 
discoverer XIII gold-plated capsule. 

Write today for technical brochure, corrosion 
guide, and complete facilities brochure. 

BART MANUFACTURING CORPORATION 
125 MANCHESTER PLACE • NEWARK 4, NEW JERSEY 

The research facilities and capabilities of Bart Laboratories and Design, int. an 

associate company of Bart Manufacturing Corporation, are availabe for R and D proj-

ects in Electrochemistry, Electroforming, Electroplating, and Electrochemical devices. 

• Year of operation on commercial and mili-
tary planes such as the Boeing Stratocruiser, 
Navy Martin P5M-2 Seaplane and Twin-
engired Martin 404. 
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CHEMICALS THE RAW MATERIALS OF PROGRESS 

As shown in this diagram, FC-75 is sprayed on 
transformer windings and core, where the liquid 
vaporizes on contact. The heavier-than-air vapors 
carry off the heat into cooling tubes, where the 
vapors condense and give up their heat. The liquid 
then drains back into the sump for recirculation. 

FC-75 TAMES HEAT AND FIRE HAZARDS 
FOR V/G TRANSFORMERS 

Now high voltage transformers are vapor-cooled . . . 
offering safety and convenience greatly improved over 
conventional oil-cooled types. Using 3M Brand Fluoro-
chemical Inert Liquid FC-75, the Westinghouse Electric 
Corporation has developed a vapor cooling system that 
makes it completely safe to use transformers close to load. 
Bus ducts are shorter, installation costs lower. 

Even indoors in residential and downtown areas, non-
flammable, non-explosive FC-75 permits the installation 
of high voltage transformers with none of the stringent 
fire precautions required for conventionally cooled units 
. . . and none of the expensive maintenance. Here FC-75 
as a vapor coolant makes firewalls, drainage pits, sprin-
kler systems obsolete. 

M INNESOTA M INING AND 

Westinghouse engineers chose 3M Brand Fluorochemical 
FC-75 as coolant for important reasons: its high electric 
strength of 37 KV at one atmosphere in both liquid and 
vapor state; its self-healing in high voltage electrical 
equipment after repeated arcing; the quieter operation 
because transformers are self-cooled at 100% load; and 
maintenance of coolant, core, and coils is practically nil. 

The 3M family of fluorochemicals have many and versatile 
applications in the field of electronics. They are non-
explosive, nonflammable, nontoxic, noncorrosive, and 
odorless. Consider them in terms of your product problems. 
Write for information on your company letterhead, 
specifying product interest: 3M Chemical Division, Dept. 
KAX-90, St. Paul 6, Minnesota. 

CHEMICAL DIVISION 
M ANUFACTURING COMPANY 

... WHERE RESEARCH IS THE KEY TO TOMORROW •• COMPANY 
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New from Polarad 

ANTENNA 
PATTERN 
MICROWAVE 
RECEIVER 
ULTRA-BROADBAND COVERAGE 

2,000 to 75,000 me 

in a single unit 

Q External Mixer. May be lo-
cated at or near antenna, 
any distance up to 75 feet 
from receiver. 

Q Flexible cable connects 
mixer to receiver. Elimi-
nates cumbersome rigid 
waveguide. 

Ø Internal electronic 1000 
cps sweep allows direct 
operation into any standard 
make AC antenna pattern 
recorder. 

OCW, AM, FM and pulse 
reception. 

Sensitivity. 

2 kmc to 10 kmc....-85 dbm. 

10 kmc to 35 kmc....-80 dmb. 

35 kmc to 75 kmc....-70 dbm. 

0 Linearity maintained over 
40 db dynamic range. 

The Model RW-T is another example of the versatility 
of the well known Polarad Model R Microwave Re-
ceivers. The RW-T is excellent to measure antenna 
gain, pattern, minor lobes, front-to-back ratio, SWR 
and bandwidth. 

FREE LIFETIME SERVICE 
ON ALL POLARAD 
INSTRUMENTS 

Aft9MmeeMnrreliPN.,: 

POLARAD 
ELECTRONICS 
CORPORATION 

MAIL THIS CARD 

for specifications. 
Ask your nearest 
Polarad represen-

tative (in the 
Yellow Pages) for 
a copy of "Notes 

on Microwave 
Measurements." 

Model RW-T Microwave receiver being used to make 

antenna pattern measurements on Polarad range. 

12 3 4 5 67 8 9 0 
POLARAD ELECTRONICS CORPORATION: 

Please send me information and specifications on: 

E Model RW-T Antenna Pattern Receiver 

E Model KSS Microwave Power Source (see reverse side of page) 

My application is  

Name  

Title  

Company  

Address 

City   

Dept  

Zone  State  

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

Representatives in principal cities. 
P.E.C. 



Model KSS Power Source being used to make antenna pattern measurements on Polarad Antenna 

Range. Can also be used for minor lobes, front to back ratio, SWR and gain measurements. 

The new Polarad Model KSS features an advanced 
modulator design that provides CW, FM and inter-
nal square wave (10 to 10,000 pps). External pulse 
capabilities permit rise times to 0.15 i,tsec. The unit 
has an adjustable attenuator and low incidental 
AM and FM at relatively high power. 

COMPACT 
MICROWAVE 

POWER SOURCE 
1,050 to 11,000 mc 4 PLUG-IN UNITS 

No 

Postage Stamp 

Necessary 

If Mailed in the 

United States 

BUSINESS REPLY CARD 
First Class Permit Nc. 18, Long bland City 1, N.Y. 

POLARAD ELECTRONICS CORP 

43-20 34th ft.. Lang Island City 1, N. V. 

O Basic unit (HU-4) includes modulator and power supply 
into which is plugged any one of four R-F tuning units 

O that cover the frequency range 1,050 to 11,000 mc. 
Tuning units are equipped with UNI -DIAL control(' that 

automatically tunes klystron cavity with reflector voltages. 

MAIL THIS CARD 

for specifications. 
Ask your nearest 
Polarad represen-
tative (in the 
Yellow Pages) for 
a copy of "Notes 
on Microwave 
Measurements." 

FREE LIFETIME SERVICE 
ON ALL POLARAD 
INSTRUMENTS 

POLARAD 

ELECTRONICS 

CORPORATION 

P.E.C. 

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

Representatives in principal cities. 



Greater contrast, greater clarity with Ozafax and Ozalid materials for drafting room or office 

New Ozafax semi-dry papers and developers 
now bring Ozalid quality to every Diazo Copy Machine 

From Ozalid—the nation's leader in dry diazo materials for more than a 
quarter of a century—comes Ozafax, the newest line of top quality semi-
dry copy materials. Regardless of the make machine you own, you can 
now look to Ozalid as a new source of supply for all your diazo copying 
needs, and look to Ozafax for . . . 

Better Contrast! A new, advanced diazo coating formulation fastens a 
sharp black image against a clean white background. On the shelf or 
after processing, the bright white appearance of Ozafax papers lasts. 

Broader Line of Colors! Ozafax papers are available in 6 appealing colors 
for more flexible coding. No wider variety of tinted stocks anywhere. 

From every angle—speed, quality or simplified ordering and inventory 
—Ozafax improves your reproduction operation. Call your local Ozalid 
representative or mail coupon today. 

materials from 

SEND TODAY FOR FURTHER INFORMATION 

Ozalid, Dept. L-9, Johnson City, N. Y. 

Check one: 

LI Please send information explaining the 
new Ozafax semi-dry diazo materials. 

E] Please have representative call. 

Name  

Firm  

Phone  

Address  

City Zone  

State  

A Division of General Aniline & Film Corp. 
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Center of 
hailstorm as 
spotted by WSR-57 
radar (top) and 
expanded for study 
(right) on ppi 
scope 

o 

• 

U S DEPARTINENT oc COMENCE 

WENNER BUREAU 

RADAR STATIONS 

o 

USWB map shows present status of growing weather radar network 

WEATHER RADAR 

$3 million in electronic equipment, the 

SOMETHING is being done about the 
weather. Especially hurricanes. 

This week U. S. Weather Bureau 
technicians are working hard to 
meet the Jan. 1961 deadline for 
completion of a $3,800,000 weather-
search radar net begun a year ago. 

Started in Miami, Fla., in June 
last year, the latest score for the 
major radar system, termed the 
WSR-57, is 17 installations com-
pleted, two more in the preliminary 
state, and 12 stations having older 
equipment to be updated with 
WSR-57 gear. 

Able to detect minor rainfalls at 
200 miles and hailstorms at 220 
miles, the completed network will 
blanket the U. S. Atlantic hurricane 
coast, regions of the midwest and 
great plains tornado areas, and 
other strategic locations. 

In commenting on this latest 
weapon against storm damage, 
F. W. Reichelderfer, chief of the 
Weather Bureau, says the equip-
ment is designed to operate over ex-
tended periods in a wide variety of 
climatic conditions. 
The WSR-57 presently operates 

in the 2,700-2,900 Mc band. It is 
designed to allow a change in fre-
quency to the 5,600-5,650 or 9,300-
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Operator at a Florida hurricane tracking station checks storm path 

NET NEARS COMPLETION Representing more than 

nation's newest weather network will blanket crucial storm areas round the clock 

9,500 Mc bands by changing the 
transmitter package on the antenna 
and the r-f feed at a later date. 
Peak operating power at present 

frequencies is 500 Kw. Raytheon, 
manufacturer of the equipment, 
says it has completed 31 sets for the 
Weather Bureau and eight addi-
tional sets for the Navy's Bureau of 
Weapons. 
The antenna used with the 

WSR-57 is a single 12-ft parabola 
with r-f feed system. The trans-
mitter, receiver and duplexing net-
work are all mounted on the an-
tenna along with the directional 
coupler and noise generator (used 
for system tests). 
The radar is controlled from a 

console furnishing video outputs, 
as well as operating controls, moni-
tors and associated circuits. A pic-
ture of what the antenna is receiv-
ing is available on an rhi scope, A 
and R scope and two ppi scopes, one 
for direct and one for off-center 
viewing. 
The rhi indicator presents range 

information on the horizontal axis, 
height on the vertical axis. Weather 
bureau men describe it as a rec-
tangular display. It is shown on the 
face of a 7-in. crt. This display also 

shows the azimuth of the antenna. 
An ancillary use of the weather 

network will be flood forecasting as 
a factor of rainfall studies. Each 
installation is being provided with 
a photographic repeater to gather 
data. These repeaters photograph 
the ppi scope simultaneously with 
a series of indicators which show 
the operating state of the radar. 
Weather bureau officials say the 

maximum range of the equipment 
is 250 nautical miles, with provision 
for measuring height up to 70,000 
feet. The antenna rotation rate is 
variable from zero to four rpm, and 
the antenna can be tilted in eleva-
tion from minus 10 to plus 45 de-
grees. 

Some indication of the impor-
tance the Weather Bureau is attach-
ing to the new network is the fact 
that a special course was estab-
lished last year for WB personnel 
at the University of Miami for the 
men who will work the equipment. 
The four-week sessions provide a 
background in the fundamentals of 
the radar circuit, radar meteorologi-
cal theory and the operational tech-
niques of applying radar to weather 
forecasting. To date more than 200 
men have been trained. 

Ultimate aim of the Weather 
Bureau is a central location where 
all weather data from the radar net-
works will be processed hourly to 
provide a large-scale picture of the 
weather situation. One prediction 
is that all weather radar stations in 
the country (see map) will be 
joined in such a network within ten 
years. 

Paralleling the growth of the 
government network has been a 
marked increase in privately owned 
weather radar gear operated by 
broadcasters. Of particular interest 
in storm-conscious regions of the 
country such as the midwest and 
the Florida coast are the displays tv 
broadcasters provide. 
Most of the tv radar installations, 

and there are now several dozen in 
the country, operate in the spec-
trum around 5,400 Mc. Among the 
suppliers of equipment to broad-
casters are Collins Radio, Bendix 
and RCA. 
Work now in process will permit 

assembly of composite weather 
maps made up of radar photo-
graphs taken simultaneously 
throughout the network and re-
layed to key weather centers by 
facsimile hookups. 
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Laboratory instruments (at left, in New York) and industrial controls (right, in Moscow) are newest entries in 
Japan's worldwide search for new business 

Japan Probes Instrument Market 
New York show is trial balloon to determine U. S. 

reaction. Earlier Moscow show probed Soviet reaction 

JAPANESE INSTRUMENTMAKERS have 
begun their long-awaited probe of 
the American market. 

First step was the Japan Preci-
sion Measuring Instrument Show, 
which opened at the Japan Trade 
Center in New York at midmonth 
and just closed. Exhibiting there 
were 27 of the 81 members of 
JEMIMA, the Japan Electric Meas-
uring Instrument Manufacturers 
Association. 
The show followed by a week an-

other exploratory probe on the part 
of Japanese manufacturers of capi-
tal goods. At Moscow's Sokolniki 
Park, Japanese businessmen put on 
an industrial exhibition which saw 
the sale of virtually every piece of 
machinery and equipment on dis-
play. Moscow observers comment 
that despite the shelf-cleaning, 
there were some questions as to how 
profitable the whole thing was for 
participating firms. 
The New York show was more 

specific than the exhibit at Sokol-
niki Park. It was dominated by 
fairly standard types of instru-
ments for measuring electrical pa-
rameters, ranging from ammeters 
and frequency meters in the power-
frequency range to synchroscopes. 
Some industrial process-control in-
struments were on display, and 
some high-precision types of ter-
ohmmeters and picammeters. 

In an exclusive interview, 
JEMIMA managing director Tetsuo 

Horiguchi told ELECTRONICS that 
the exhibit "will be used to diag-
nose the reaction of the American 
market. If the reaction proves good, 
then the problems of price, service, 
spare parts and marketing will be 
investigated." 

In sending up this trial balloon, 
the Japanese manufacturers are 
facing head-on the unfavorable re-
actions generated in the electronics 
industry here by the rapid increase 
in electronic imports from Japan. 
Most of the products offered at the 
New York show would naturally be 
sold to electronics manufacturers. 
Apparently the Japanese feel that 
if they can sell to U. S. electronics 
manufacturers, they can sell any-
where. 

Horiguchi said that the instru-
mentmakers had no intention of 
competing with U. S. gear by under-
cutting the U. S. industry's price 
structure. He hoped that "Ameri-
can users would be impressed with 
wellmade, well designed Japanese 
instruments, some of which offer 
features not normally found in 
comparable U. S.-made equipment." 
He added that if the JEMIMA mem-
bers found a market in the U. S., 
then engineers and technicians 
would be hired and trained here to 
service the gear. 
JEMIMA has hired a U. S. con-

sultant to make a reaction study, 
will base future efforts on the re-
sults of the study. Horiguchi ad-

mits that the instrumentmakers 
"must make a detailed study of 
American marketing procedures 
and advertising techniques," add-
ing: "We must impress on the 
American engineers the fact that 
Japanese electronic measuring 
equipment is of truly high quality." 

Japanese executives pointed out 
to ELECTRONICS that Japanese 
manufacturers will comply with 
whatever specifications a customer 
lays down, including military specs. 
The instrumentmakers are well ac-
quainted with mil specs, since they 
build equipment for U. S. forces in 
Japan to these specifications. 

Horiguchi opined that the three 
major instrument producers in the 
world—the U. S., Japan and the 
Federal Republic of Germany—all 
produce equipment of approxi-
mately equivalent merit. He feels 
that the U. S. lead in the field is 
probably due to the greater invest-
ment in R&D by American manu-
facturers and government. 
JEMIMA, like most Japanese trade 

associations which are interested in 
the export market, is trying to hold 
down copying and even to minimize 
look-alike equipment among its 
members. "Most Japanese manu-
facturers," Horiguchi said, "are 
making particular effort to empha-
size the unusual features of their 
equipment." 
Most of the exhibitors at the Ja-

pan Trade Center were small and 
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medium-sized companies without 
technical-assistance tie-ins with 
U. S. and European industry. 
Among products shown at New 

York were a self-balancing bridge 
cyclemeter operating in the power-
frequency ranges; transistorized 
insulation testers and other resist-
ance-measuring devices in the meg-
ohm and terohm ranges; multipen 
oscillographic recorders; wire-re-
sistance strain gages; a wide as-
sortment of pyrometers and tem-
perature-measuring gear, including 
thermometers of the thermocouple, 
resistance and thermistor types; 
panel instruments; watthour meters 
(the foundation of the electric-

e- measuring instrument industry in 
Japan) ; a vibrating-reed electrome-
ter; a millisecond meter for meas-
uring the motion time of relays, and 
transistor checkers. 

Electronic equipment shown at 
the earlier exhibition in Moscow 
included tape recorders, circuit 
testers, a self-recording spectro-
photometer, d-c ammeters, tube and 
transistor testers, oscillators, oscil-
lographic gear, X-ray diffraction 
equipment and an electroencephalo-
graph. 

Contracts worth $20 million were 
reported to have been signed at the 
Moscow show, which stressed in-
dustrial equipment for the continu-
ous-process industries, textile-in-
dustry controls and machinery, and 
plastic-making equipment. The ex-
hibit attracted more than a million 
visitors, cost the Japanese $1 mil-
lion. Soviet purchasing organiza-
tions, as usual, proved to be hard 
bargainers for the equipment on 
display; but the Japanese exhibi-
tors, faced with the single alterna-
tive of shipping it all back to 
Tokyo, had to take what they could 
get. Observers got the impression 
that the experience raised some 
doubts in their minds as to just 

• how worthwhile increased Soviet 
trade would be. 
Spokesmen for the Japanese com-

- panies at Moscow were quoted in 
the Soviet press as expecting that 
the exhibition would lead to an in-
crease in Soviet-Japanese trade. 
Local commentators note that the 
$20 million in contracts reportedly 
signed at Sokolniki exactly equals 
the amount by which Japan's im-
ports from the Soviet Union ex-
ceeding Japan's exports to the 
Soviets last year. 
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LEA CHECK ONE PART 
EVERY 10 SECONDS... 

with CEC's newest leak detector 

and test port station 

Here's a powerful leak detection combination for auto-
matic testing of hermetically sealed components: 

CEC'S NEW 24-120 LEAK DETECTOR ... Instantly locates leaks 
as small as 5 x 10-11 atm/cc/sec of air (4.8 x 10-6 micron 
Cu ft:hr). Provides positive proof of seals in diodes, relays, 
switches, vacuum tubes — and it's equally accurate in 
checking giant systems and containers. This advanced 
instrument combines high sensitivity with low residual 
fluctuation and noise ...delivers fast response and cleanup. 

CE'S SEMI-AUTOMATIC TEST PORT STATION. Just place the part 
on the port, turn the function switch and spray with 
helium when the test light goes on. Unit can also auto-
matically evacuate a bell jar for testing helium-filled 
components. The test port's reliable vacuum-operated 
valve can be cycled indefinitely without malfunction or 
leakage. 

Easy to maintaim —ElectrrmiŒ are al Taunt< 
on a tilt-down chassis that's ass ble from te 
front for easy ma ntelancE. Ertire arum syslem 
can be removed h fite mhute for clean ng. 

For complete infornmtior cad :four nearby 
CEC sales and service off ce er mr:te t,day 
Bulletin CEC 241204X2. 

CONSOLIDATED ELECTRODYNAMICS/ pasadera, calitornia 
A SUBSPDIARY OF Bell Ee Howell - FINER P.ROLIGTS refROGIGP-1 !MAGI/V.4710V 



Radar Echoes from Venus ... 
Continental Electronics' giant transmitter at M.I.T. 
Lincoln Laboratory is tae most powerful .3n earth. 
Wan it, man has made his first contact with another 
planet — by bouncing a :adar signal off Venus for a 
space round trip of 56,300,000 miles. 

This is a significant forward step since it means we 
have pushed our radio signals a hundred times further 
than ever before. It means we can measure space dis-
tances with amazing new accuracy. The powerful pulses 
from this transmitter were beamed into space from a 
huge antenna 84 feet from rim to rim. It is the same 
radar used to sight and track earth satellites and for 
other space probe programs. 

Continental Electronics is proud indeed to be part of 
this 56 million mile broadcast. 

Another Continental Electronics Contribution in Super Power Radio 

'n7V/VeVr 
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Correlation curves showing radar returns from Venus. 
The central peaks indicate the exact time of the radar 
waves from Earth to Venus and back (about five 
minutes). Each peak is the result of elaborate 
calculations by a high-speed digital computer on many 
thousands of tiny echoes originally beamed by 
Continental Electronics' transmitter 

(„0 
MANUFACTURING COMPANY 

4212 S. Buckner Blvd. • Dallas 27, Texas 
EVergreen 1-1135 

SUBSIDIARY or LING-TEMCO ELECTRONICS, INC. 
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ofi. tuned dipoles will be used for global microwave communications (left). Cat's whisker dwarfs actual metal 
m edits to be sown in orbit (right) 

Plan to Orbit Tuned-Dipole Belt 
Scientists describe global microwave network for teleprinter, voice 

and television communications using belt of tiny orbiting needles 

TINY, METAL NEEDLES, forming di-
poles tuned to 8,000-Mc and placed 
in orbit as a belt around the earth, 
may be the key to global micro-
wave communications. So said W. E. 
Morrow, Jr. of MIT's Lincoln Lab-
oratory as he addressed the Inter-
national Scientific Radio Union in 
London earlier this month. 
The technique will use reflection 

from a belt of fibers, each about 
inch long and .1 the diameter of a 
human hair. A container of fibers 
will be orbited several thousand 
miles above the earth. A dispens-
ing mechanism will then release the 
fibers gradually. In the completed 
belt individual fibers will be sepa-
rated by 1,000 feet. Radio waves 
impinging on the belt will be scat-
tered back to earth to be picked up 
by receivers. Transmitting and re-
ceiving antennas will be trained on 
the same spot in the belt. 

Because the belt will be tuned to 
a specific frequency, reflected en-
ergy will be large compared to that 
reflected by nonselective surfaces 
such as balloon-type passive satel-
lites. Use of amplitude-modulated, 
single-sideband, suppressed-carrier 
signals should eliminate problems 
of phase distortion in reflected sig-
nals (ELECTRONICS, p 40, Sept. 9). 
The technique is an answer to the 

ever-growing demand for long-dis-

tance communications and the de-
sire to use higher radio frequencies 
where wide bandwidths are still 
available. At higher frequencies, 
energy is propagated in straight 
lines so that the curvature of the 
earth imposes limitations. Hence, 
at long distances it is necessary to 
use reflective or scattering tech-
niques. 

Orbital scatter communications 
uses a reflective principle similar to 
that used in ionospheric and tropo-
spheric radio communications 
which have been pursued at Lincoln 
Laboratory and led to the present 
concept. 

Orbital scatter seems to be useful 
for teleprinter, voice and television. 
The electronic and physical charac-
teristics of the dipole belt will afford 
a large number of exclusive com-
munications circuits. Because the 
belt would be relatively stationary 
in space, there will be no need for 
high-speed tracking equipment to 
keep transmitting and receiving 
antennas trained continuously on 
the belt. 
With two belts, one east-west over 

the equator and the other north-
south over the poles, communica-
tions could be established between 
any two points on earth. Because 
all of the active equipment is placed 
on the ground, the technique is 

thought to offer high system relia-
bility. 

Belt lifetime can be varied from 
months to years depending upon the 
altitude and inclination of the orbit 
and the design of the dipoles. As 
the belt lifetime ends, the dipoles 
are dissipated harmlessly in the at-
mosphere. Initial experiments 
planned by Lincoln Laboratory call 
for belts with short lifetimes. 

Theoretical studies show that 
solar radiation pressure, atmos-
pheric friction, sun and moon gravi-
tation, micrometeorites, magnetic 
field effects and high-energy par-
ticles will not produce undesirable 
changes in the belt. 

Lincoln Laboratory scientists be-
lieve that orbiting dipoles will have 
negligible adverse effects on the use 
of space and on optical, radio and 
radar astronomical observations. 
Although work on the technique 

is sponsored jointly by Army, Navy 
and Air Force, it is thought that 
orbital scatter communications can 
serve both civilian and military pur-
poses. Orbital scatter has definite 
military antijamming advantages. 

Later in the London meeting, a 
resolution was adopted expressing 
concern that dipoles in orbit may 
interfere with astronomical radio 
and optical studies. Steps were 
urged to prevent such interference. 
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RUBY MASER AMPLIFIER developed by 
graduate students at University of 
Michigan has made the first posi-
tive detection and measurement of 
radio waves from the planet Saturn. 

Such measurements can help re-
duce the cost of future planetary 
explorations, in addition to their 
basic contributions to science, Prof. 
Fred Haddock, the university's head 
of radio astronomy, told London's 
13th general assembly of the Inter-
national Scientific Radio Union. 

Measuring radio waves emitted 
from various depths within Sat-
urn's atmosphere, the maser ampli-
fier found the planet's atmospheric 
temperature is 100 degrees Kelvin 
(minus 283 degrees F). Accurate 
within about 10 percent, these tem-
peratures were about those to be 
expected on the basis of optical 
studies, according to Haddock. 

Jerald Cook and Lloyd Cross of 
the university's Willow Run Labs 
worked with Allen Barrett and Wil-
liam Howard, Phd's in the Radio 
Astronomy lab, to design, build and 
connect their ruby maser amplifier 
to the university's new high preci-
sion 85-ft radio telescope. 

Masers are relatively free from 
the self-produced static inherent in 
standard radio receivers, Cook said. 
Such static can drown out weak in-
coming signals in conventional ra-
dio amplifiers. 

Maser Measures 

Saturn's Temperature 
Low-noise preamplifier may spot 
unsuspected hazards, cut 
costs of space exploration 

Lloyd Cross (left) and Jerald Cook developed and 
installed sensitive ruby maser in this 85-ft radio-
telescope 

Cook told ELECTRONICS the U of 
M team hooked its maser to a 
Dicke radiometer, conventional ex-
cept that it required no large 
switching signal. 

Cooled to the temperature of liq-
uid helium, the maser boosted 
strength of the -Signal coming in 
from space 20 db before feeding it 
to a standard superheterodyne 
whose local oscillator beat the in-
coming frequency down to an inter-
mediate 30 Mc for further amplifi-
cation and detection. 

Enthusiastic with first results, 
Cook said, the team is now planning 

AVERAGE OF 7 RUNS 

Saturn's signal peaks from background radiation. 
from seven scans of planet 

Curve combines results 

further improvements in the horn 
antenna to suppress spillover picked 
up by the highly sensitive maser. 
"New technological developments 

make it appear possible to improve 
the performance of the maser re-
ceiver tenfold, while making its op-
eration very much easier," said 
George Mahkov, acting head of 
WRL's solid state physics lab. 

Radio astronomical observations 
of planets, preceding explorations 
by space probe instrumentation and 
by man, could save millions of dol-
lars in space exploration planning, 
Haddock says. 

SATURN 

R. A. 

MASER RADIOMETER 

AUG 25.26,1960 

UNIVERSITY OF MICHIGAN 

WILLOW RUN LAR S RADIO ASTRONOMY 

• 
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1 /1 00% accuracy 

1/1 00% gain stability (Type 492) requires only 8/4" of 
rack space. Power supply occupies 

Two completely new, transistorized, 

differential Data Amplifiers, Types 491 

and 492, by Offner Electronics Inc. 

Their high precision makes possible 

an accuracy and simplification of data 

reduction previously impossible. 

Sixteen channels of data reduction 

1/1 00% linearity 

OFFNER 

Type 491 and 492 

Differential 
Data Amplifiers 

Type 492 Amplifier (left) provides 
2 channels of precision amplifica-
tion per unit. The Type 491 (right) 
is a single channel unit, with input 
coupler for added versatility. 

only 51/4 ". The combination of accuracy, 

stability, fast response, and size is unmatched. 

Acteceteete 
1/100% accuracy 

1 /100% gain stability—for 1,000 hours at normal ambients 
1 /100% linearity—for full output 
All-transistor construction 
1 /400th second response—to step input 
Very low output impedance—less than 0.1 ohm 
Infinite rejection—of common d-c signals 
120db rejection—at 60 cps 
16 channels in 83/4 inches of rack space (Type 492) 
Versatile input couplers (Type 491) 

OFFNER ELECTRONICS INCe 
3906 River Road, Schiller Park, III. (Suburb of Chicago) 

September 30, 1960 
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SPRAGUE 
PIEZO-

ELECTRIC 
CERAMIC 
ELEMENTS 

ELEMENTS 
FOR ALL 

APPLICATIONS 
AS WELL AS 
COMPLETE 

TRANSDUCER ASSEMBLIES 
FOR MOST APPLICATIONS, 
SUCH AS UNDERWATER 

SOUND AND 
VARIOUS ORDNANCE AND 

MISSILE DEVICES. e 

Sprague-developed mass production 
and quality-control techniques assure 
lowest possible cost consistent with 
utmost quality and reliability. Here 
too, complete fabrication facilities 
permit prompt production in a full, 
wide range of sizes and shapes. 

Look to Sprague for today's most 
advanced ceramic elements—where 
continuing intensive research prom-
ises new material with many proper-
ties extended beyond present limits. 

WRITE FOR 

LITERATURE 

SPRAGUE ELECTRIC COMPANY 
35 Marshall Street, North Adorns, Moss. 

SPRIICUE® 
THE MARK OF RELIABILITY 

Conference Scans Sea and 
Instrument users, makers reveal scope of their 

accomplishments and ambitions this week 

TirfrArEEK's five-day meeting of the 
'Instrument Society of America, was 
exceptional in comparison with 
many industry conferences in that 
users participated as actively as 
manufacturers. 
The conference was held at the 

New York Coliseum. User partici-
pation was evident from the first 
day when E. D. Reeves, vice presi-
dent of Humble Oil and Refining, 
as well as O. W. Manz, executive 
vice president of Consolidated Ed-
ison Company of New York, formed 
part of the keynote session. 

Reeves spoke on Progress 
Through Instrumentation in the 
Petroleum Industry, and Manz 
spoke on the same subject as applied 
to the power industry. 

Representing the side of the in-
strument manufacturers were Don 
Mitchell, president of General Tele-
phone and Electronics and John 
Johnston, Jr., president of the in-
strument society. 

Among others who gave talks at 
the meetings was Dean J. R. Ragaz-
zini of New York University who 
told his audience that progress in 
automatic control is already begin-
ning to have an impact on engineer-
ing education. 
He said that engineers of the 

future will have to learn a whole 
new variety of subjects in addition 
to their present curriculum of sub-
jects . . . if they wish to keep up 
with tomorrow's technology. 
From Monsanto Chemical Co., 

T. J. Williams gave a critical evalu-
ation of the present status of proc-
ess control by digital computers. 
He also discussed projects in the 
near future which will have influ-
ence on the chemical and petroleum 
industries. 

In the five days of the conference 
200 papers were presented to con-
vention goers. Estimates are that 
some 3,500 persons attended the 
show with 400 manufacturers dis-

Tv Inspects Damaged Pontoon Bridge 

Closed circuit tv camera and eigeht 500 watt lamps, in watertight housing, 
check Hood Canal (Washington) bridge's underwater anchors 
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Space 
playing their wares in exhibits said 
to be valued at well over $2?, mil-
lion. 

This year, perhaps more than 
ever before, the scope of applica-
tions of electronic instruments was 
shown by the technical sessions that 
ranged from the stratosphere and 
beyond, and down to the ocean 
floors. 

In the space sessions, a talk was 
given by P. B. MacReady of Me-
teorological Research, Inc., on Au-
tomatic Retrieving of Stratospheric 
Research Equipment. Also speaking 
was R. T. McCoy of Bendix Corp.'s 
Instrument division. He gave his 
audience a series of relative com-
parisons between rod and bead ther-
mistors for atmospheric tempera-
ture surroundings. 
From the National Bureau of 

Standards, a talk by D. M. Gates, 
had as its subject, spectroscopic ob-
servations of the stratosphere and 
mesosphere. 
One highlight of the sessions on 

underwater instrumentation was a 
detailed description of the instru-
ments aboard the bathyscaphe Tri-
este, which in the winter of 1959-60 
established the world's record for 
manned deap-sea dives by descend-
ing some seven miles to the bottom 
of the Marianas Trench off the 
island of Guam. Appearing at the 
session was Andreas Rechnitzer, 
scientist in charge of the Trieste, 
and G. Farrell, Jr., one of the men 
abroad the bathyscaphe when it 
made the record descent. 

Hinting that the future of under-
water research will have many par-
allels to the present state of space 
research were papers with such 
titles as: 

Design and Engineering of Deep 
Sea Instrument Encapsulation and 
Vehicles; Instrumentation for Un-
derwater Ordnance; Oceanographic 
Requirements vs Instrumentation 
Capabilities and Underwater Pipe-
line Engineering. 

Capacity audiences attended ses-
sions consisting of reports from the 
International Federation of Auto-
matic Control Conference. 

That conference was held in 
Moscow earlier last year. 

Type 2N501 

Super High-Speed 

Micro-Alloy 

Diffused-Base 

Transistors 
(2 X Actual Size) 

Typical Maximum Units 

Rise Time (4) 9 18 mr.sec 

Storage Time it,) 9 12 r114 sec 

Fall Time It 7 10 mrisec 

In circuit with current gain of 10 and voltage 
turn off. 

Unexcelled for super high-speed 
computer applications, Sprague's 
Type 2N501 Micro-Alloy Transis-
tors combine high gain and high 
frequency response with unusual 
stability and high operation effi-
ciency even under severe environ-
mental conditions and life tests. 

Sprague's mechanized electro-
chemical process permits the fabri-
cation of a graded base transistor 
with no intrinsic base region. The 
Type 2N501 can thus maintain its 
super high-speed switching char-
acteristics right down to its satura-
tion voltage, providing all the ad-
vantages of direct-coupled circuitry 
with no impairment of switching 
speeds. 

Write for complete engineering 
data to Technical Literature Section, 
Sprague Electric Company, 35 Mar-
shall Street, North Adams, Mass. 
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ISOFARAD 
CAPACITORS 
• . for unmatched 

capacitance stability 

at moderate cost 

Hold that capacitance! . . . with 
ISOFARAD Film Capacitors. Where 

capacitance stability is an absolute 

must, ISOFARAD is the one capac-

itor most likely to succeed. The pat-
ented duplex plastic film dielectric 
used in these capacitors has prac-
tically no capatitance change over 

operating temperature ranges up to 
+85°C. Retrace on return to room 

temperature is within 0.10%. 
ISOFARAD Capacitors have insu-

lation resistance and dielectric ab-
sorption characteristics which ap-
proach those of polystyrene capac-
itors .. . and they're smaller. Type 
145P capacitors are superior to 
silvered mica capacitors in insula-

tion resistance . . . are tubular in 
shape so they are more adaptable 
to machine insertion on printed 

wiring boards . . . and have a ca-
pacitance stability in use which is 

equivalent for most practical pur-
poses to the more expensive silvered 

mica units. 
Capacitor sections are of the ex-

tended-foil design and are housed 
in pre-molded phenolic shells with 
plastic-resin end seals for protec-
tion against moisture and mechani-

cal damage. 
For complete technical data on 

ISOFARAD Capacitors, write for 
Engineering Bulletin 2037A to 
Technical Literature Section, Sprague 
Electric Company, 35 Marshall 

Street, North Adams, Massachusetts. 

SPRAGUE® 
THE MARK OF RELIABILITY 
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Newest, Smallest Bourns Trimpot 
—with the square configuration 
Now... Bourns reliab;iity is in an even smaller package; these 
new wirewound units measure jLst X X :3 j‘," . In addition, 
they offer you a choice of two terminal types—insulated 
stranded leads or gilled circuit pins. 

Because of unique package design, Model 325C withstands the 
most severe environmental conditions... meets or exceeds 
Mil-Spec requirements Its 25-turn adjJstment permits precise 
balancing, while the shaft head size makes possible the use 

.-,andard screwdriver. Moreover, Bourns' exclusive clutch 

NUMBER 8 — NEW PRODUCTS SERIES 

design, combined with positive end-stops, eliminates any pos• 
sibiliey o! damage to interna + parts. 

Like all Trimpot potentiometers, this new model is designed, 
built and tested to give you performance you can count on. 

Max. Operating Temperature Power Rating Resistances 

+175°C 1 Watt @ 70°C 10Ol.t to 50K 

Write for complete data and list of stocking distributors. 

Exclusive manufacturers of Trimpot®, Trimitr5D and E-Z Trim. Pioneers in transducers for position, pressure and acceleration. 
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Language laboratories like this RCA-installed system at Rosemont College, 
Philadelphia, are pointing the way for new electronic teaching methods 

Educational Market Growing Fast 

TOTAL U. S. BUDGET of about $20 
billion makes education one of our 
nation's biggest businesses. As a 
new semester starts this month, 
electronics manufacturers are view-
ing this market with increasing 
interest. 
More and more electronic equip-

ment will be used in schools. 
Growth areas will most likely be 
systems allowing students to see 
and hear instructional material. 
Following closely will be automatic 
library research systems, electronic 
record keeping devices and gear 
that takes burdens from teachers. 
Although some educators shy 

away from classroom automation, 
a growing number of teachers and 
school officials accept present tech-
nology and help find new uses. 

There are now more than 4,000 
primary schools in the country 
wired for teaching foreign lan-
guages, literature, music apprecia-
tion and speech. In some cases, 
equipment for these schools was 
originally designed for armed 
forces training in World War II. 

Audio input material for educa-
tion is now about evenly divided 
between tape and disk sources. The 
major portion of this material is 
devoted to language study. One 
example is the Detroit, Mich., 
school system which now owns some 
200 tape recorders used in language 
laboratories. 
One approach to computer learn-

ing devices is a system where ma-
terial to be taught is displayed on 
a viewing screen beside a panel 

containing some 40 pushbuttons 
that permit the student to answer 
a number of questions. 
When the student makes an er-

ror, the system automatically re-
programs itself, going over the 
weak subject in further detail until 
questions are answered satisfac-
torily. Presentation may be as text, 
illustrations or motion pictures. 
A system with hopes for aca-

demic application is a computer 
built originally for use in medical 
schools. In medical training, stu-
dents create inputs in pushbutton 
form equivalent to their diagnoses 
of human tissues. The computer 
processes their information, com-
pares it with a standard, and in-
forms the instructor of areas in 
which further study is needed. 
Changed programming makes the 
system suitable for other subjects. 
A television tape system report-

edly in development will be able to 
record a reel of tape and play it 
back on classroom tv receivers. 
Spokesmen predict that prerecorded 
television tapes will be circulated 
in much the same way that educa-
tional films are. 

In a recent survey conducted at 
some 300 colleges, estimated costs 
for courses taught by television 
came to $2.80 a pupil class hour, 
as compared to $12 to $18 for con-
ventional instruction. One school 
specializing in music and art re-
ported a drop from $16.75 to $1.71 
a pupil class hour by using a com-
bination of electronic teaching sys-
tems. 

The World's Finest 
Communication 
VIBRATOR 

featuring: 
• Ceramic Stack Spacers 

• 1/4 " Diameter Power Con-
tacts 

• Driver-type Coil Con-
struction 

• Special Reed Hinge and 
Wiring 

• Power Capability up to 
15 Amperes 

A COMPLETE LINE 

VIBRATORS 

FOR AUTOMOTIVE, HOUSE-
HOLD and TWO-WAY COM-
MUNICATIONS SETS. 

ATR VIBRATORS are proven 
units of the highest quality, 
engi d to perfection. 
They are backed by more 
thon 30 years of vibrator 
design and research, de-
velopment and manufactur-
ing. AIR pioneered in the 
vibrator field. 

SEE YOUR ELECTRONIC PARTS DISTRIBUTOR 

WRITE FACTORY FOR FREE LITERATURE... 

AMERICAN TELEVISION & RADIO CO. 
2u441,0 PuPeuel4 .5.4Yez i9.31 

SAINT PAUL I, MINNESOTA —U.S. A-
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Here is the most outstanding 
customer service available fir ire semiconductor industry! 

GENERAL INSTRUMENT 
GENERAL TRANSISTOR 
TRANSISTORS, DIODES, RECTIFIERS 

Philadelphia San Francisco (San Mateo, Cal.) , - - - 

Los Angeles • 

San Diego ,Phoenix 

O REGIONAL SALES HEADQUARTERS 
AREA SALES OFFICE 

e SALES OFFICE TO BE OPENED THIS FALL 

The merger of General Instrument and General Tran-
sistor outpaces the semiconductor industry with the 
most unique marketing organization ever put together! 
Ready to serve you within minutes! Here assembled for 
you is the pick of the most capable sales engineer staff 
our Industry has seen. These semiconductor experts 
will work with you on all transistor, diode or rectifier 
problems. 

General Instrument proudly presents an integrated 
customer service organization of creative engineers in a 

New England 
(Wellesley, Mass.) 

New York 
Newark 

Chicago-

(Haddonfield, N. J.) 
ashington 

national marketing network unparalleled in the semicon• 
ductor industry. 

Today you can dial one number for the most experi-
enced application assistance! Dial one number for imme-
diate product availability of the industry's most complete 
line. Dial one number for proven design data you can 
rely on. 

Phone today—right now—and let us show you why GI 
is your best supplier of transistors, diodes and rectifiers. 

liLli.eSEMICONDUCTOR 
 DIVISION OF GENERAL INSTRUMENT CORPORATION 

65 Gouverneur Street, Newark 4, New Jersey 
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FACTORY 

SALES OFFICES 

WESTERN REGIONAL HEADQUARTERS 
11982 Wilshire Boulevard 
Los Angeles, California 
Granite 8-4750 

SAN FRANCISCO AREA OFFICE 
60 West 41 Street 
San Mateo, California 
Fireside 1-7407 

MIDWESTERN REGIONAL HEADQUARTERS 
Griggs Midway Building 

dr.11.111rj 1821 University Avenue 
St. Paul 4, Minnesota 
Midway 4-3721 

CHICAGO AREA OFFICE 

5249 W. Diversey Avenue 
dir19115 Chicago, Illinois 

National 2-6140 

EASTERN REGIONAL HEADQUARTERS 
87-11 130 Street 

dr." 115 Jamaica, New York 
Hickory 1-1000 

NEW ENGLAND AREA OFFICE 
204 Worcester Street 

dirm iri Wellesley, Massachusetts 
Cedar 5-4406 

NORTHERN NEW JERSEY AREA OFFICE 
65 Gouverneur Street 

dil11115 Newark 4, New Jersey 
Humbolt 5-2100 

PHILADELPHIA AREA OFFICE 
36 Tanner Street 

dir 1111 Haddonfield, New Jersey 
Hazel 8-1250 

DISTRIBUTOR NEAR YOU: 
For the name of your local authorized 
G distributor, contact — Distributor Di-
vision Headquarters, General Instrument 
Corporation, 65 Gouverneur Street, New-
ark 4, New Jersey — HUmbolt 5-2100. 

C;! TIMSION OF GENERAL INSTRUMENT CORPORIMON 
SEMICONDUCTOR 

MEETINGS AHEAD 

Oct. 3-5: Nuclear Science, Annual, 
PGNS of IRE, Gatlinburg, Tenn. 

Oct. 3-5: Communications Sympo-
sium, PGGS of IRE. Hotel Utica 
& Utica Memorial Auditorium, 
Utica, N. Y. 

Oct. 4-6: Radio Interference Reduc-
tion, PGRFI of IRE, Armour Re-
search Foundation, Chicago. 

Oct. 4-7: Instrumentation Sympo-
sium, Nat. Inst. of Health, 
Bethesda, Md. 

Oct. 4-9: Data Processing Systems, 
Large Volume, Fall Meeting, 
AIEE, New York City. 

Oct. 5-6: Value Engineering, EIA, 
Disneyland Hotel, Anaheim, 
Calif. 

Oct. 10-12: National Electronics 
Conf., Hotel Sherman, Chicago. 

Oct. 11-14: Audio Engineering Soc., 
Annual Convention, Hotel New 
Yorker, New York City. 

Oct. 13-14: Engineering Writing & 
Speech, Annual Symposium, 
PGEWS of IRE, Bismark Hotel, 
Chicago. 

Oct. 14: Engineering for Reliability 
Conference, PGRQC of IRE, 
Cooper Union, New York City. 

Oct. 14-15: Quality Control Conf., 
ASQC, Broadview Hotel, Wich-
ita, Kan. 

Oct. 17-19: Adaptive Control Sys-
tems Symposium, IRE, Garden 
City Hotel, Garden City, N. Y. 

Oct. 18-20: Battery Symposium, 
Ministry of Aviation, S.R.D.E., 
The Pavilion, Bournemouth, 
England. 

Oct. 19-21: Space Navigation, 
PGSET of IRE, Deshly-Hilton 
Hotel, Columbus, O. 

Oct. 19-26: International Congress 
& Exhibition for Instrumentation 
& Automation, INTERKAMA, Dus-
seldorf, Germany. 

Oct. 24-26: Aero & Nay. Elec. Conf., 
PGANE of IRE, Lord Baltimore 
Hotel, Baltimore, Md. 

Oct. 26-27: Computer Applications 
Symposium, Armour Research 
Foundation & Illinois Inst. of 
Tech., Morrison Hotel, Chicago. 

Time-Sharing 

Problem? 

IDL MAY HAVE A 

SOLUTION — 

Your data handling system, 
whether RF carrier or wire 
transmission line, may require 
time-sharing to increase its 
capacity and efficiency. 

In the past, the advantages 
of motor driven switches used 
for multiplexing were out-
weighed by their disadvan-
tages. They were smaller, 
lighter and simpler but, 
because of high contact resis-
tance, bounce and short life, 
they contaminated data. 
Then IDL introduced multi-

fingered brushes traveling on 
the inner periphery, of cylin-
drical sections to minimize 
resistance and bounce and 
extend trouble-free life to hun-
dreds of hours. These con-
cepts have been successfully 
applied to missiles in sampling 
900 data points per second for 
more than 500 hours without 
signal contamination even in 
the milli-volt signal level 
ranges. 

For example, Switch No. 
500660 is a complete unit 
within a compact case, avail-
able at reasonable cost and 
capable of sampling up to 180 
transducers. It combines 2 
poles of 30 data channels with 
2 poles of 60. data channels, 
each operating at 5 rps. 

Pot' furtherinfor-
motion, write In , 
Technical Bulletin 
No. 500660; or let un 
propose a solution to 
pour Time-Sharin, 
Problem. 

INSTRUMENT DEVELOPMENT LABORATORIES 
INC OR P OR ATEO 

Subsidiary of Royal McBee Corporation 

51 MECHANIC STREET, ATTLEBORO, MASS. 
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HERE'S ONE WAY 
TO GET WORK DONE WHEN WIRE-WOUND POT 

FAILURES OCCUR... \ 
F 

SUPERVISOR ( A) SEES CHIEF ENGINEER LEAVE HIS DESK TO CHASE DOWN AN-
OTHER WIRE-WOUND POT FAILURE PROBLEM, CRIES INTO FUNNEL (11).TEARS RUN 

THROUGH TUBE (C)ONTO JEWELER'S SCALE (D), CAUSING END OF BAR TO PRESS 
AGAINST SMALL BELLOWS (E), WHICH SLOWS AIR AND CAUSES ARTIFICIAL BIRD 
(F) TO FLY THROUGH AIR. OFFICE CAT (G), JUMPS ON TREADMILL TO REACH 
8/RD AND TURNS PULLEY WHEEL (H).ARM(1)8EGINS TO GRASP WILDLY TO PULL 
IDEAS OUT OF THIN AIR [IN EMERGENCIES, ARM GRASPS AT STRAWS PROVID-

ED (J)]. ORIGINAL IDEAS DEVELOP FURTHER IN TRAY (K). DESIGN RECEIVES 
SUPERVISOR'S APPROVAL STAMP (IL), PASSES INTO HOPPER (M), MIXES WITH 
CEMENT, WATER AND GRAVEL, AND EMERGES IN CONCRETE FORM (N). NOTE: 
MACHINE REACHES EFFICIENCY OF 87.326% IF OFFICE CAT IS KEPT HUNGRY, 

BUT 
THE BEST 

WAY VET... 
USE INHERENTLY RELIABLE* 
C.I.C. FILIWPOTS-THEY DON'T FAIL! 

Send for full scale reproduction of 
this unique "circuit machine" drawing. 

• INHERENT RELIABILITY 

• INFINITE RESOLUTION 

• PRECISION LINEARITY 

• LOW OPERATIONAL NOISE 

• MULTI-MILLION CYCLE LIFE 

• VIDEO FREQUENCY OPERATION 

GAIN THE TIME TO DEVELOP YOUR OWN CIRCUITS 

*The single, solid broad-band resistance element, 
along with the multiple finger wiper design, insure 
continuous high-reliability operation of this unique 
precision potentiometer, and guarantee that the 
element cannot "open" even under the worst envi-
ronmental conditions. Send for our free package of 
"POT RELIABILITY FACTS." 

: FIRST IN FILM POTS 

COMPUTER INSTRUMENTS CORPORATION 
92 MADISON AVENUE • HEMPSTEAD, L.I., NEW YORK : • 

• 
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FIRST* 
DC Standards 

Laboratory 

PRIMARY-STANDARD 

DC VOLTAGE DIVIDER 

PRIMARY-STANDARD 

ABSOLUTE DC VOLTAGE REFERENCE 

PRIMARY-STANDARD 

DC VOLTAGE-CURRENT POTENTIOMETER 

ULTRA-PRECISE 

DC VOLTAGE GENERATOR-CALIBRATOR 

ULTRA-PRECISE 

DC CURRENT GENERATOR-CALIBRATOR 

ULTRA-SENSITIVE 

DC AMPLIFIER-NULL DETECTOR 

and only commercially-available instrumentation 

— providing complete DC measurement facilities. 

—based entirely on self-contained Primary Standards. 

0.0001 % 

ABSOLUTE 

0.0001 % 
ABSOLUTE 

G. Ci 6 e e 41 Gee 

VOLTAGE 

0.0015 % ABS. 

CURRENT 

0.003 % ABS. 

0.0015 % 
ABSOLUTE 

0.003 % 
ABSOLUTE 

THRESHOLD 

This instrument complex is unique. 

It provides complete facilities for the performance of every 
type of DC Calibration and Standardization — at absolute 
accuracies an order of magnitude better than conventional 
laboratory potentiometers and references. 

Over the past five years, a growing number of standards 
and calibration laboratories have purchased it to replace 
less accurate, less versatile, less dependable equipment. 

NBS certifications and test reports over five years con-
sistently verify the validity of our absolute accuracy and 
stability ratings. 

May we send you a complete description? 

Model PVC-504, $6,400. Available with NBS certifica-
tion and test data at additional cost. 

INSTRUMENT NETWORKS, INC. MANUFACTURING SUBSIDIARY OF 

JULIE RESEARCH LABORATORIES, INC. 
556 W. 168th Street, New York 32, N. Y. LOrraine 8-8700 
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RUSHING TO A RADAR'S RESCUE 
Lockheed Electronics engineers — anywhere 
service every make 

of electronic equipment 

A ship's "eyesight" needs immediate attention—a 
Lockheed Electronics service engineer swings aboard 
on a breeches buoy to make on-the-spot adjust-
ments that keep critical electronic systems at peak 
performance. 

Another LEC service engineer may be installing 
telemetry equipment at a missile base; while still 
another, ten miles up in the stratosphere, evaluates 
a jet bomber's ECM system. 

These LEC experts are qualified to install, test, 
modify right in the field, evaluate and maintain any 
equipment—made by any manufacturer. 

Lockheed Electronics' highly trained specialists rep-
resent a new concept in service engineering. An 

unusually large proportion hold advanced degrees, 
and LEC's Engineering Services Division keeps 
them all constantly abreast of the latest advances in 
the state of the electronics art. 

If you want men with the right skills and full knowl-
edge of your electronic problem, call on Lockheed 
Electronics, Engineering Services Division. 

CAPABILITIES-ENGINEERING SERVICES DIVISION 

Maintenance engineering 

Range instrumentation and operation 

Equipment modification • Installation engineering 

Training programs, manuals and materials 

Field evaluation • Reliability studies 



MINDING THE FUTURE 

LOCKHEED ELECTRONICS 
COMPANY 

ENGINEERING SERVICES DIVISION, METUCHEN, N. J. 

OTHER LEC DIVISIONS: MILITARY SYSTEMS / STAVID • INFORMATION TECHNOLOGY • AVIONICS AND INDUSTRIAL PRODUCTS 

ENGINEERS AND SCIENTISTS: For unique po,:ition advancement opportunities, 

please contact our Professional Placement Office In Plainfield, N. J. 
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For PROJECT MERCURY 
Dresser-"deco puts wings on tower construction 

...completes 48 towers in 52 days! 

Field assembly test 

of one of 48 antenna towers 
for the Man-In-Orbit program. 

This Dresser-/deco contract included 
transmitting, receiving 

and boresight designs. 

Space-age urgency set the 
pace for Dresser-Ideco in fulfilling 
its 48-tower contract for the 
National Aeronautics and Space 
Administration's Project Mercury. 
With the last of the complete 
shipment under way via exclusive 
truck and "special" train, the 
company had dispatched an 
average of one tower every nine 
working hours and shaved 12 
days off the accelerated schedule! 
Soon these structures will be 
serving in a far flung instrumen-
tation system, lifelining our 
astronauts' first venture into space. 

Fabricating 560,000 pounds of 
precision antenna support 
components on a tight delivery 
schedule is typical of Dresser-
Ideco's ability to assume unusual 
responsibilities. Outstanding 
structural facilities, and the 
knowledge and man-power to 
make them hum, have established 
Dresser-Ideco as a major source 
for antenna towers and 
antenna structures. 

Find out how Dresser-Ideco 
can best serve your program. 
Consultation and cost estimates 
on structural requirements are 
available at no obligation. 

Write for booklet: "Facilities 
for Defense Production." 
Dresser-Ideco Company, A 
Division of Dresser Industries, Inc., 
875 Michigan Avenue, 
Columbus 15, Ohio. 

DRESSER-IDECO COMPANY 

DRESSER 

INECU® 
DRESSER 
INDUSTRI ES 

INC. 

ELECTRONIC • INDUSTRIAL 

OIL • GAS • CHEMICAL 
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'ELECTROMECHANICAI 

DEVICES AND SYSTEMS 

FOR ELECTRONICS 

By MICHAEL E TOMAINO and GEORGE J. FLYNN, Associate Editors 

RELAYS AND RELATED DEVICES 

CONTACT CAPSULES FOR SWITCHING 

41 I 
TRENDS IN MECHA NICAL  SWITCHING 

ROTATING ELECTROMECHANICAL DEVICES 

ACTUATORS AND TIMERS 

ELECTROMECHANICAL READOUT 

C) ELECTRONICS A McGRAW-HILL PUBLICATION 

11/4aa,  REPRINTS 
AVAILABLE 

Set 
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(A) 

(A) 

(B) Ibeei,t1tilej11 

FIG. 1—Automatic Electric's new wire-spring relay (A) 
transfers up to 51 circuits quickly for 100 million or more 
operations without readjustment. The company has a 
space-saving relay with a common heel piece and a common 
fixed contact assembly (B), which is used in data process-
ing equipment 

RE LAY 
COIL 

MERCURY-WETTED 
CONTACTS 

(8) 

-wM111.1 

OSCILLO-
SCOPE 

FIG. 2—Oscilloscope trace of the contacts of a close 
chopper relay switching a battery in circuit (B) shows 
freedom from bounce, characteristic of mercury-wetted 
relays 

RELAYS AND 

The relay is available in almost infinite 

on how the relay performs as an integral 

WHEN PROPERLY CHOSEN, contact relays are among the 
simplest, most desirable, and mose useful components 
in electronic switching circuits. 

The relay, selector, crossbar, chopper, all simple de-
vices, meet almost any life requirements, are available 
from a wide range of voltages, currents, frequencies or 
temperatures, unaffected by temperature changes'. 

These devices can handle many circuits and control 
many sources. Off-on action is positive, construction 
is flexible, and the devices are readily available. Mul-

tiple contacts can be arranged with a single control, 
characteristics are measurable, and the predicted reliabil-
ity can be calculated with accuracy. 

The contact principle, used to onen and close the 
circuit, is useful where definite on-off, low-noise current 
control is required. 

And yet the relay has been among the least under-
stood, least standardized, least controlled by specifica-
tion, and the most abused of all component parts em-
ployed in electronic equipment today'. 

THE CONTACT RELAY—If the relay is little under-
stood and most abused, insufficient knowledge of what 
it can do and how to apply the device may be one cause. 
If least standardized and least controlled, perhaps a 

clearer definition of relay specifications, design capabil-
ities and circuit requirements are in order. For the 
contact relay, with its simple parts, is available in al-
most infinite arrangements to perform many circuit 
functions: simple current control, time delay, sequencing, 
circuit selection, stepping, holding for manual reset, 
interlocking; and combination of these functions. 

Contact devices can now switch loads from dry-circuit 

to rated loads with high reliability if care is used in 
selecting the device. Disadvantages such as contact 
bounce, mass limitations, coil transients, failure of con-
tact material and moving parts need no longer apply. 

Complete information on the hundreds of electro-
mechanical relays of all types, manufactured in the 
United States, is now available°. But when this infor-
mation does not indicate the proper choice, a relay spe-
cialist can determine the devices or circuit combinations 
that will perform the function required. 
A wire spring relay, and a unit now used in data 

processing are shown in Fig. 1 A and B. 

MERCURY-WET7'ED CONTACTS--The type (Fig. 
2) provides reliability for equipment that uses large 
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RELATED DEVICES 

arrangements to perform many circuit functions. Final choice should be based 

part of the circuit. Each design should be evaluated individually 

numbers of relays. Advantages are high operating 
speed and consistency of contact resistance and timing. 
Freedom from contact bounce makes them useful in 
automatic equipment, computing systems, tabulating ma-
chines, sorters, totalizers, signaling devices and data 
processing equipment. New developments in mercury-
wetted relays have increased the applications for which 
they can be used. 
One small mercury-wetted relay is about -et inch in 

diameter and about one inch long'. This unit, a non-
position sensitive device, is planned for computers and 
where reliability over millions of operations is required. 
The device will be on the market early next year. 
A small mercury switch, now available, has had initial 

application as a reverse switch for a portable electric 
motor clutch'. Suggested applications for this switch are 
in hearing aids and paging devices. 

CONTACT METER-RELAYS—These devices are find-
ing applications in electronics because they can stabilize 
and simplify circuits. A control system built around 
meter relays was described last year (ELECTRONICS, Mar 
6, 1959, p 41) and also an instrument system (ELEC-
TRONICS, Aug. 7, 1959, p 134). 
The meter relay is an amplifying device that can be 

actuated by a signal as small as one-fifth amp. It is 
also a sensitive coil D'Arsonval meter, continuously indi-
cating a signal from any variable that can be measured 
electrically through a transducer. A meter relay is also 
a monitoring device with easily adjustable signal-set 
points, by which control action can be triggered. A 

meter relay can be used as an amplifier with a power 
gain of 1 x Ion. 
A potentially broad field of application for meter 

relays is in vacuum-tube voltmeters. A meter relay 
can be inserted in such a circuit in place of a conven-
tional meter. The circuit then has built-in control or 
alarm features along with its ability (because of its high 
input impedance) to measure voltage without loading 
the circuit. Automatic ground-testing of missiles is one 
application for vtvm circuits that include meter relays. 
One meter relay manufacturer recently described a 

meter relay voltage monitoring circuit for the ground-
support system of the Titan ICBM. The relay eliminated 
vacuum tubes'. Alternative circuits would have cost eight 
to ten times more. 

RESONANT REED RELAY—This is a frequency-

selective, high-Q device that can be used in a variety of 
ways. Miniaturized resonant reed relays are available 
in the a-f range from about 100 to 1,000 cps, with a 
bandwidth of one percent and a sensitivity of one milli-
watt. Primary developments are the twin reed, anti-
vibration and shock designs for military use; zero cou-
pling to the base; narrow-band drop-out frequency curves; 
high sensitivity and small size. 

There is wide potential application for these devices: 
command signaling, point-to-point communication, se-
curity coding, telemetry, doppler frequency analyzers, 
underwater transmission and signal analysis and process 
control. 
One series of resonant relays is now being included 

in complex systems since the resonant reed relay com-
bines several circuit functions that tie in with informa-
tion theory". The primary advantages of these units, 
are zero mechanical coupling from the reed to the base, 
making it mountable on nearly any electrical chassis; 
its dual-reed structure making it nonresponsive to ex-
ternal vibration and shock; and a compliant contact 
that allows the pull-in and drop-out frequency response 
curves to be almost identical. New developments will 
probably extend range and output handling capacity. 
Extended use: mobile equipment". 

Instruments ,vith tuned steel reeds for indicating fre-
quency of a-c by resonance, once imported from Europe, 
are now made here. These resonant-reed relays and 
oscillator circuits are used in equipment for signaling, 
remote operation and supervisory control.' 

THERMAL RELAYS—These units respond to the 
heating effect, rather than the electromagnetic effect of 
energizing current. Each has an expanding element 
heated by the energizing current, and produces a time 
delay between the moments of energization and contact 
actuation. 
A high precision thermal relay, can take 11 msec of 

50-g shock and 2,000 cps, 20-g vibration without ad-
verse effect. Unidirectional acceleration produces only 
a fraction of the effect found in earlier thermal relays". 

POWER AND LOW-POWER COMBINATIONS— 
Frequently it is desirable to select a single electromechan-
ically operated device that will handle both high power 
(up to 10 amp, 600 v) and low power (a few milliamps 
at low voltages). This combination is found in elec-
tronic switching, grid control and instrument controls 
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where high electrical and mechanical reliability are im-
portant. 
A typical solenoid relay performing these functions 

is available". These relays can be equipped with both 
double-break silver contacts for power circuits, and 
multibreak palladium contacts for low-power use. 

PREAMPLIFIER CIRCUITS—These are built within 
hermetically-sealed relay housings and can boost the 
energizing signal or provide impedance match. The only 

external circuit component is an impedance-matching 
resistor. Various configurations of this development are 
now in prototype stages". 

Positive relay action can be obtained from a micro-
miniature relay with a signal as low as 0.6 mv. The 
transistor amplifier boosts signal strength to the required 
level with minimum power requirement and without 
lowering the relay's environmental rating. 

Resilient bifurcated construction is featured in a line 
of high-level switching relays". And a pill-box relay, 
made specially for printed circuits or space-saving appli-
cations lies flat against the board, projecting less than 
0.42 inch from the surface". 

CROSSBAR SWITCH—This is essentially a multiole 
relay. The devices simplify switching and monitoring 
design and are finding use as control components in 
logic systems. For signal switching, crossbars handle 
up to 2,500-v a-c down to microvolts d-c. Frequency 
extends from zero to 70 Mc and leakage resistance 
between switching elements runs as high as one million 
megohms. 
A crossbar is a three-dimensional arrangement of 

electrical contacts that can be individually operated 
by a coordinate actuator system. The crossbar can 
handle many circuits in a compact package and provides 
direct logic in digital circuits. 
One familiar crossbar provides a matrix of 1,200 

switching points and is rated at 20 million operations 
a crosspoint at 100 ma, noninductive at 50 y d-c''. 
Present rating of 5 watts drives many outputs directly. 
Contact bounce is less than 200 µsec on make, with 
no bounce on break. Gold contacts develop between 
30 and 35 grams of contact pressure. Shielding gives 
the switch characteristics of a 75-ohm coaxial cable. 
About 15-20 millisec are required to operate the hold 
actuator, but this can be cut in half by operating from 
a high-impedance. 

The crossbar switch of another manufacturer is used 
for storage, programming and scanning. These switches 
are applied to analog and digital computer functions 
as a memory for programming and sequencing, high-
traffic communications, automatic programming, cable 
and circuit testing". 

Use of solid-state circuits in crossbar switches has 
raised the demand for a crossbar with short connecting 
time. To meet this, a wire crossbar was designed in 
Japan'. 
An American manufacturer of crossbars lists some 

factors to consider when the crossbar should be used. 
If the number of positions to be scanned are below 40 
or 50 six-wire channels, a stepping switch or relay 
matrix is a more logical choice. Scan speeds, modes of 
control, signal characteristics, operating life and reli-
ability, and how the contacts should operate are important. 

CONTACT MODULATOR—The chopper is a contact-
making device for modulating, demodulating and switch-
ing d-c or low-frequency a-c information. Development 
of high-temperature choppers, precision units and small, 
rugged types for printed circuits is underway. 

Literature of the chopper art is extensive, and manu-
facturers have supplied information on choppers in 
microvolt switching systems". 

CONTACT MATERIALS AND THEIR CHARACTERISTICS 

Many electromechanical failures are traced directly to contacts. The con-
tacts themselves should be the initial parameter investigated. Materials 
should be chosen on the basis of component design, conductivity require-
ments, tendency for surface contamination, wear, oxidation resistance, 
contact pressure, currents and voltages. Many papers have been written 
on contacts (see below) and the design engineer should carefully evaluate 
all materials on the basis of each requirement. (See C. B. Gwyn ref.) 

Silver 
and its alloys 

Noble metals 
Gold' 
Platinum 
Palladium" 
Osmium 
Rhodium 
Iridium 
Ruthenium 
and their alloys 

Refractory Metals 
Tungsten 
Molybdenum, 
Rhenium 
Nickel 
Carbon 

Copper 
and its alloys 

Widely used electrical contact materials. Pure silver 
has the highest electrical and thermal conductivity 
of any contact material 

Substantial resistance to oxidation, corrosion, at-
mospheres and humidity. Noble metals are more 
widely used as alloys, for economy and for enhanced 
performance, particularly for low current, low pres-
sure, low voltage applications where high ambient 
temperatures, high humidities and corrosive atmos-
pheres are prevalent 

High melting points, tungsten being the highest. All 
except carbon withstand both electrical and me-
chanical wear. Combined by powder metal and/or 
infiltration techniques with silver and copper for 
high arc erosion resistance, mechanical wear, and 
increased conductivity, or for dimensional assembly 

Pure copper is not an ideal contact material. Copper 
plus silver or cadmium is a must for certain fields. 
Manufacturers of 12-v d-c circuit breakers find that 
a positive contact segment of 1 percent Cd, 99 per-
cent C, against 50 percent W, 50 percent Ag (Gibson 
W-10) negative, gives antiwelding properties with a 
low overall resistance drop. This combination also 
works well on many 120-v a-c inductive loads in the 
5-15 amp range 

Alloys secure desirable physical and electrical properties, enhanced cor-
rosion resistance to ameliorate arc induced wear or transfer 
Sintered (usually powdered metal-refractory plus high conductivity) ma-
terials overcome high inrush current welding, lower rates of electrical and 
mechanical wear 
Combinations (dissimilar) metals and materials in mating contacts produce 
a synergitic effect, whereby each material increases the effectiveness of 
the other to a combined value not obtainable when they are used singly 
a —Gold and some gold alloys, such as the 69% gold, 25% silver and 6% 

platinum developed by Bell Laboratories are about the best materials 
for low low-level circuits 

b— Palladium is not a good choice in hermetically sealed enclosures due 
to affinity for hydrocarbons. Flash platings of gold over some less 
expensive metal are frequently unsatisfactory due to the tendency of 
the base metal to migrate through the gold or the gold to wear off 
after a limited number of operations 

Palladium is preferred to silver-cadmium oxide as a contact material for . 
relays which are to be in frequent operation because relays with palladium 
contact seldom fail when subjected to the prescribed overload or life 
relay tests whereas relays with the alloy contacts fail unless the gap is 
widened to 20 mil for the case of normally open contact circuits, and the 
maximum current load is reduced in the case of normally closed circuits 

Palladium is coming increasingly into use for plating pointed circuits, 
particularly for plug applications 
c — Molybdenum and its alloys made by different methods and protected 

with various coatings is being investigated by Westinghouse as a 
conductive spring contact material suitable for 3,000 hours operation 
at 500 C 

The following papers on contacts have been given at past Relay Confer-
ences: L. W. Hill, Relay Contact Protection for D-C Application, IBM Corp., 
1958; J. W. Scannell, Contact Resistance As It Affects Dry Circuit Relays, 
C. P. Clare & Co., 1958; A. Schnipper, An Improved Method of Measuring 
Contact Resistance, Picatinny Arsenal, 1958; H. P. Lynch, An Effort to 
Promote the Selection of Reliable Contact Systems, General Electric Co., 
1959; R. C. Sadler, T. B. Thompson, An Investigation of Relay Contact 
Resistance by Means of Voltage Current Characteristics, Sandia Corp., 
Oklahoma State Univ., 1959; C. B. Gwyn, Jr., Let's Take the Mystery 
Elements Out of Electrical Contacts, Gibson Electric Co., 1960; J. R. Laskie, 
Use of Activated Carbon in Sealed Relays, National Carbon Co., 1960; 
P. Mahler, Effects of Contamination in Relay Performance, Picatinny 
Arsenal, 1960; L. D. DeLalio, C. P. Nunn, Inductive Loading of Contacts, 
Filtors, Inc., 1960; E. Freudiger, Surface Chemistry of Electrical Contacts, 
Metals and Controls Corp., Div. of Texas Instruments, Inc., 1960; H. Rob-
ertshaw, Single Contact Observations in the Low Level Area, Union Switch 
& Signal, 1960. 

Stanford Research Institute has conducted a study of the contamination 
problem under Signal Corp Contract DA36-039 SC74965, Feb, 1960 
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Upper temperature problems and isolation of the a-c 
input drive from the sensitive microvolt d-c output cir-
cuit are capable of engineering improvement by electro-
mechanical choppers. One chopper manufacturer 
publishes noise specifications of less than one microvolt 

into 100,000 ohms. And the matching over a period 
of time is not a problem with the mechanical chopper". 
The output null has been tabulated for various types 

of modulators'. The present state of the art for tran-
sistorized modulators has reached 25 mv output null for 
transistors; one microvolt output null for mechanical 
choppers; 50 mv for magnetic (2nd harmonic); 100 mv 

for magnetic (fundamental); 1,000 mv for the diode 
modulator; and 10,000 mv for the tube modulator. 
A recent modified chopper converts 12-v d-c to 94 

cycles, square wave to drive a chopper at a 94-cycle 
rate. The circuit and component specifications are avail-

. able". 

A contact-making modulator is unique, in that its 
conducting phase approaches perfect conduction and its 
nonconducting phase represents a reasonable approxi-
mation to an infinitely high resistance. 

CONTROL DEVICES—Many electromechanical devices 
are necessary because they are translators—a mechanical 
force is translated into an electrical force and conversely. 
A manufacturer of electromechanical selective con-

trol feels these devices are advantageous in interrogation 
systems, information relay systems, and traffic signaling 
by code selection". Applications and ideas for coded 

switch syetems have been examined,' and there are 
many opportunities for ingenuity and imagination in 
this field. Small switching units are now compatible 
with other reduced circuit components in size. Speed is 
probably the main limitation to some of these electrome-
chanical selectors. 

A new currency counter uses dial-code switching 
system and automatically counts five hundred notes 
in any condition. Press a button and the bills will 
be counted off into hundreds, the machine stopping 
automatically at each 100. Alternately, by throwing a 

switch the machine may be used to issue any desired 
number from 1 to 99. The machine is used for making 
up payrolls. If two notes are stuck together or a single 

note is cellotaped, the offending notes are diverted from 
the main stream without being counted. This device was 
developed by T. De La Rue of London, is handled by 
Scan-Am. 
A great deal of work has been done by individual 

companies on specialized switching systems; packages 
that include sensing voltage differential, current sensing, 

voltage and frequency sensing, and extremely low power 
operation in the microwatt level'. 

SUMMARY—C. D. Geer, President of G-V Controls 
states": "Electronic equipment of a great many types 
must inevitably rely on electromechanical components, 
particularly in input and output devices. The most 
complex and most sophisticated and elaborate electronic 
equipment, in many instances must receive its input 
in mechanical terms and ultimately must accomplish 
a mechanical action, and it is never going to be more 
reliable than the components which perform these 
functions. "We believe," says Geer "that this increasing 
ability of the designer of the electromechanical device 
to understand the needs of the electronic designer is 
important to both, for theirs is an essential partnership". 

"Beyond this, there are certain intermediate functions 
for which the designer may choose between an electronic 
and an electromechanical means of accomplishment. 
The electronic engineer, faced with this choice, often 

tends to choose the electronic methods with which he 
is familiar, but this is not always the best choice. The 
absence of mechanical parts or of moving contacts is 

felt to increase reliability, but if, in order to perform 
the function electronically, an assembly of fifteen or 
twenty electronic components with fifty soldered joints 
is needed, the well known mathematics of reliability 
may indicate an overall reliability inferior to that of 
a simpler, well designed and well engineered electro-
mechanical component." 

R. B. Liepold, Vice-President of Automatic Electric 
writes: "We have found a very happy marriage between 
solid-state and electromechanical devices in switching 

apparatus and industrial control circuitry and continually 
try to apply these components on the basis of their best 
application from an economic and engineering stand-
point.' 

9eimpfflur- -*ear 
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FIG. 1—The G-29 dry-reed capsule, left, can be incorporated into a wide variety of relay combinations. An example is 
shown at the right. This design, described by O. M. Hovgaard of Bell Labs, and W. J. Fontana of the U.S. Army Sig-
nal Research and Development Laboratory, comprises a double-pole-double-throw reed relay that uses four capsuless 

CONTACT CAPSULES FOR 
A variety of simple and complex devices can be built up from basic elements. 

Some, like the Ferreed family, attain contact control in micro-second time 

ONE BASIC COMPONENT that is simplifying answers to 
complex problems in using contact switching devices is 
a glass-enclosed reed capsule". This unit will be ex-
ploited as a building block for a variety of devices. 

Glass capsule designs have been developed for both the 
dry-reed switches and the mercury-wetted types. Glass-
sealed contacts are important candidates for increased 
reliability because of their freedom from external atmos-
pheric conditions. These capsules lend themselves to 
designs in all types of control circuits; Figs. 1, 2 and 3. 

There are an increasing number of manufacturers who 
now have Western Electric Co. licenses to make these 
devices'. 

Since switches are of major importance to telephone 
systems, years of attention to the 224A contact capsule 
have proven it out for economy reliability. 

Metallic contacts are useful where definite on-off, low-
noise switching is required. These devices will find wide-
spread use not only as telephone switching elements, but 
in data-transmission systems, multipole transfer for relay 

structures, coaxial switches and relays, manually operated 
multipole switches, computers, telemetering equipment, 
limit or proximity switches, magnetic field indicators, 
crossbar matrices and multiple slide switches. 

The contact capsule uses a pair of magnetic overlap-
ping cantilever reeds, sealed within a tube filled with inert 
gas. These units are put together in an electrostatically 
purified atmosphere, to assure complete absence of con-
tamination from airborne dust particles. 

Only a coil is needed to provide a magnetomotive 
force that will pull the reeds together and establish a 
component that obviates mechanical wear, sticking and 
binding. And a variety of relays and related switching 
devices for unilateral control of signals can be built 
around this module in much the same way as an elec-

tronic circuit is built around a vacuum tube. (Fig. 3). 
Specifications of dry reeds now available include con-

tact resistance of 25 to 40 milliohms; life expectancy at 
1/2  amp, 28-v d-c; 20 million operations. At Va amp, 
28-v d-c: over 100 million operations. They can take 
40-g shock without false operation; and minimum vibra-
tion of 0.08 in. or 20-g (whichever is less). 

Continuing tests indicate long life. One manufacturer 

has had twelve switches operating at 0.1 amp, 120-v a-c 
resistive load that have made 150 million contacts and 
are still going strong. 

AUTOMATIC ASSEMBLY—A relay manufacturer now 
has automatic machines that will turn out these capsules 
at the rate of 2,160 per hour'. Both mercury-wetted and 
dry-reed types are produced. 

The U. S. Army Signal Research and Development Lab-
oratory has sponsored a program for development of a 
miniature version of the 224A capsule. This small ver-
sion, the BTL G-29, is a Va -in. glass tube, 3/4 -in, long 
that encapsulates two nickel-iron alloy reeds'. ". 

Relay manufacturers are making headway towards 
mass-production techniques for the small capsule. The 
job is more than one of scaling down production methods 
for automatic assembly of the 224A reed. Holding and 
positioning reeds and capsule, heat-sealing and filling the 
pill-size glass tube with inert gas in limited space, raise 
production difficulties. However, the G-29 seems to be 
adaptable to automatic and semiautomatic production 
methods'. 

The G-29 shows a mechanical life of 30 million cycles 
minimum, 30-g minimum shock resistance, and ability to 
take up to 2,000 cps vibration at 10 g. Electrical char-

acteristics include an operating sensitivity of 9 mw, con-
tact capacity of 0.125 amp at 28-v d-c resistive, and an 
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FIG. 2—Magnetic reed capsules in production (A). Modi-
fied version of contacts, such as the Struthers-Dunn reed 
(B) are planned to improve circuit stability' 

SWITCHING 

operating time of 1.2 milliseconds'. 
Manufacturers and component research men foresee 

wide commercial application of the G-29 for low-level 
current switching'. A number of switches placed around 
a radar magnetron or electromechanical device, for ex-
ample, provides a means of obtaining an accurate indi-
cation of the presence of a given magnetic field strength. 

Another version of the contact capsule is the Unipole 

design of General Electric'. This tiny unit offers a con-
tact rating of one or two amp for a nominal target of 

500,000 operations, and features a double-throw contact. 
Models indicate mechanical life of 0.3 x 10' cycles and 
load life at one amp, 30-v d-c of 0.3 x 10" cycles. Many 
other designs are being investigated for both military and 
commercial use. Modified versions of contact capsules 
have been developed to improve current stability'. It is 
now a question of finding out how small these contacts 
can be made before running into trouble. 

APPLICATIONS—Relays and other contact devices are 
found in practically all industries. The USS Nautilus, 
first atomic-powered submarine; the USS Forrestal, 
giant carrier; and automatic totalizing installations at all 
the nation's race tracks are examples of automatic con-
trols where contact devices are in use. 

There are many thousands of relays used in automatic 
telegraph switching systems which today blankets the 
country. Supervisory and control apparatus for power 
and pipeline systems, radio and television broadcasting 
equipment, traffic signals, radar, guided missiles and 
gunfire controls show use in increased numbers. 
The growth of organizations that specialize in electro-

mechanical devices combined with electronic systems 
(coin-operated ticket machines, racetrack totalizers, auto-
matic transportation ticket issuing machines and the rest) 

FIG. 3—Six Clareed relays are clustered for mounting 
in a single tubular container, left. At right, ten reeds are 
mounted in line, five on each side of printed circuit board 

shows that thousands of precision parts—mechanical, 
electrical and electronic—must be merged into a har-

monious, dependable system. And our modern economy 
depends on coordinating engineering knowledge of 
mechanical electromechanical and electronics men". 

MICROSECOND CONTROL—Search for design solu-
tions involving electromechanical devices and electronic 
controls suffer from the time incompatibility between 
the two". 

Inventors of the Ferreed tell that it was in this 
climate that a new class of switching devices was con-
ceived at Bell. And today, the Ferreeds (cover), are 
among the most talked about contact-making devices. 

Success with the contact capsules led investigators to 
seek a means of obtaining fast control of the metallic 
reeds in the G-29 capsule. And it was found that cobalt 
and cobalt-zinc ferrite cores could be wound to supply 
magnetomotive force that obtains reed control time of 
microseconds, coincident selection, a memory without 
holding power and a smaller, more sensitive unit. 

This concept gives birth to a new family of contact 
relays. The ferrite member is controlled by the exciting 
current applied in microsecond time, and remanent flux 
alone is enough to control the reeds. The magneto-
motive force that must be exceeded before sufficient 
remanent flux is produced is large enough to mask varia-
tions in reed sensitivity. And the unit can be used in 
coordinate arrays employing coincident selection. 
As described by its inventors, the device offers an 

opportunity to determine directly the state of its out-
put contacts: the device can be interrogated without the 
electrical output current being disturbed. Application 
of a short current pulse to the ferrite, and observation of 
induced voltage in another winding, can be used to deter-
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mine the memory state of the device. 
In one type, two ferrite bars, two G-29 capsules and 

two plastic end-pieces comprise the magnetic circuit. The 
plastic end-pieces magnetically couple the ferrite bars to 
the magnetic reed capsules, and provide structural sup-
port for the assembly. Magnetic flux passed through the 
reeds closes the circuit. Control pulses of five microsec-
onds through the windings on the ferrite will switch the 
magnetic material. 
The Ferreed fills the need for a network crosspoint 

that provides high-speed coincident selection with metal-
lic contacts. At Bell, emphasis on the use of this device 
has been placed on optimization of the unit as a cross-
point switch. Various ties of Ferreeds suggest use in 

digital systems as memory devices for display, buffer and 
input-output functions. Capsules can be arranged with 
multiple-branch ferrite cores, or in combinations of mag-
neto-motive force in multiple windings, such as for dif-
ferential excitation. 

Several new magnetic materials have been synthesized 
for cores. Among these are ferrites exhibiting charac-
teristics midway between permanent magnets and com-
puter memory materials, and ferrite suspensions in 
plastic tailored for specific properties. 
The ferrite core is preferred for high speeds, since 

eddy-current delays remain in metallic structures, even 
when they are laminated. For lower speeds, metals offer 
better temperature stability. 

The Role of Electromechanical Devices and the Circuit Function 

Electromechanical devices such as relays and similar 
devices have already been developed, and can be expected 
to be further developed for telephone switching systems, 
military systems and automatic control systems in gen-
eral that will be competitive, compatible and combinable 
with solid-state switching devices and systems. 
At present, the best known and most widely used 

electromechanical device is the relay, used for general-
purpose switching. Relays are the basic building blocks 
of todays telephone switching systems, as many as 5 or 
10 may be used for each subscribers line. They perform 
many types of switching operations: multicontacts, slow 
and fast operation. slow release, marginal operation, a 
life of a billion operations, and many other functions. 

Relay reliability in present telephone systems is 
such that one failure in 5-million operations is considered 
poor performance. 

Stated another way, satisfactory operation for the aver-
age relay is less than one failure in 40 years. 

It may seem strange that in a period when solid-state 
devices are being used increasingly in the area of switch-
ing functions, there are more relay manufacturers in the 
United States, and more relays are made and used than 
ever before. There are several reasons for this. 

In many technical areas, often several competing 
devices meet the needs. The final choice is properly 
made in terms of many factors: speed, size, power, life, 
and more important—the cost. The cost factor must 
include not only the device itself, but all equipment 
costs needed for systems operation. Relays often result 
is systems designs which are simpler and less expensive 

and fast enough in operation to make unimportant any 
increase in speed of operation or release. 

Relays can be used singly, or in small numbers, with-
out the need of associated common control equipment 
which is often required where full advantage is to be 
taken of the sensational speeds of solid-state switching 
devices. In addition, the input and output circuits of 
a relay are completely independent, a condition not easy 
to achieve with solid-state devices. 

The rapidly expanding applications of all kinds of 
switching systems requires more of all types of switch-
ing devices, including many kinds of relays and solid-
state devices. 

Compatibility of relays and solid-state devices is 
developing and in addition, combinational devices have 

recently been announced as illustrated by the Ferreeds. 
The fast Ferreeds do not need power to hold them in 
the operated condition. 

Compatibility with solid-state devices, either as a 
relay or as a combinational device can be expected to 
be of increasing importance in the future. Compatibility 
will be required in size, power, life, speed and cost. 
A n important part of this new look for electromechani-

cal devices will be the need for even greater reliability. 
7'his must not be determined by the average life to the 
point of 50 percent failure, but to the point of the first 
few failures—say the one percent or perhaps 1/ 10 per-
cent failure point. 
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TRENDS IN 

MECHANICAL SWITCÁING 

Programs by industry and government indicate need for combining 

electromechanical and electronic approaches in integrated circuits. New 

devices will play an important role 

CONTACT CAPSULE and the Ferreed indicate one direction 
that switching progress will take, for components using 
metallic contacts. And techniques will be worked out for 
the low-cost manufacture of these devices in various 

configurations and arrangements. 
But more information is needed on overall switching 

and circuit-control concepts that will show how best to 
apply these concepts in circuits. Theories« of switching 
with both contact devices and static elements should 

be translated into programs that show how to make 
use of the switching elements themselves. 

Present programs leave many important areas unde-
veloped". Fundamental investigations are needed to 
develop new switching techniques using dry-reed, mer-
cury-wetted, liquid-contact and chemical relays, shift 
registers, and electrostrictive driving elements". 

Switching action has been demonstrated in organic 
compounds and in synthetic membranes. The possibility 
of switching action in thin interfacial films is indicated. 
But at the present, as far as actual devices go, these 
switching concepts are somewhat advanced. 

Printed circuit relay modules are on the market, Fig. 1; 
and so are removable wafers for switching, Fig. 2. 
Further studies are needed on printed relays for high 
temperatures, as well as improved methods to hermeti-
cally seal relay elements. A need is found for high-
impact-shock circuit breakers for the 50-milliamn to 
10-amp range; ruggedized choppers for printed circuits; 
and 0-200 second interval timers that have an accuracy 

of one percent or better. 
Further study should be extended to develop faster 

response, more rugged thermistors for remote switch-

ing and control to implement thermal relays and thermo-
couples. New and improved measuring techniques for 
testing contact devices are also needed. 

LOGIC FUNCTIONS—The Working Group on Electro-
mechanical Devices, one of the eight groups under the 
Advisory Group of Electronic Parts of the Department 
of Defense, sees the trend of combining contact devices 
with electronic components in logic and switching func-
tions such as counting, translation, registration, selection, 
scanning, and memory devices; and operations required 
for the organization and control of computers and other 

IG. 1—Dater printed circuit relay module is used for 
data storage, code translation and digital-to-analog con-
version. Module contains eight mercury-wetted contact 
relays and is designed for operation by transistor drivers 

tee 

FIG. 2—Chicago Dy-
na mics industries 
switch with wafers 
that lift out for clean-
ing or replacement 
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FIG. 3—Relay four-trip counter with erase features (A); 
and equivalent circuit designed with transistors (B) 

FIG. 4—Tally Register's transistorized tape perforator 
features transistorized gating of inductive circuits to 
provide drive to perforator from transistor logic 

information processing systems. 
The G-29 reed relays are now being evaluated for 

further study°. A crosspoint design using a two-coil 
magnetic latching relay of high sensitivity has been 
made and evaluated. An array of 4-wire crosspoints 
shows good transmission at carrier frequencies. 

Latching relay structures for guided missiles are under 
investigation for a general-purpose, sensitive and power 
relay'. A spdt miniature time-delay-energize relay, for 
a one-to-60-sec delay, will operate between —65 and 
125 C, 2,000-cps vibration, and take 50-g shocks. 
Work done for the Government has brought about 

a simplified six-part spdt relay that is readily adaptable 
to automatic assembly". This design uses a permanent 
magnet for the deenergizing force. 
A simplified relay requiring little or no hand labor 

in its assembly is being perfected". And this program 
is working towards higher sensitivity, temperature and 
speed, and small size. 

One company is working on a multipole device that 
has environmental resistances consistent with missile 
requirements, and sensitivities in the milliwatt range". 
Experimental models employ a spring-wound energy 
storage system which drives an electromechanically con-
trolled escapement mechanism. These models perform 
at actuating powers less than 3 mw in a package less 

than 3/4  cu in. Small, sealed relays are also being devel-
oped to Relay Spec SCL-6304". 

Design capabilities of the small, sealed, GE contact 
capsule is being investigated for an integral capsular 
relay that will stress power-handling capabilities and small 
size". 

Many of these programs are in prototype stages and 
designers should not depend upon being able to obtain 
devices that are being developed under Government 
contracts. 

In the United Kingdom, developmental trends in 
switching are in the direction of smaller size, greater 
reliability, and high shock resistance". 

DISCRETE-VARIABLE CIRCUITS—These are used 
in telephone systems and have assumed increasing im-
portance in modern electronic technology. The tech-
nology of telephone relays is highly developed, since 
these devices have been used for a long time. The art 
of manipulating information by electronics will continue 
to grow, and communication channels among research 
workers in switching techniques now allow evaluation of 
logical design". 

Various methods of applying transient characteristics 
of sealed relays to predict their performance in systems 
have been investigated". And last year, a progress re-
port on relay testing measures was prepared that is a 
step towards thorough evaluation of reliable test tech-
niques. This report contains a resume of investigations 
of low-energy tests; measurements of electrical charac-
teristics; contact life testing; environmental testing; and 
shock, acceleration and tumbling tests". 

THE INTEGRATED CIRCUIT—A trend towards com-
bining contact relays with other elements make it advis-
able to think of component groups that do the job, rather 
than to select a component whose specifications will meet 
the functional requirements. For example, a 5 µsec 
switching requirement might be obtained by combining a 
contact relay with resistors, capacitors and diodes". 

Predicted reliability of the contact relay approach is 
illustrated by a logic circuit within the control and pro-
tective panel of an electrical power system'. This small 
panel is a computer that controls and protects the main 
electrical system of a high-performance aircraft. 
A four-trip counter was designed using contact relays, 
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TABLE I — FOUR TRIP COUNTER WITH 

ERASE FEATURE — RELAYS 

Component Qty F.R. Total F. R.* 

Relays 7 I 7 

* F. R. — failure rate in percent per thousand hours 

TABLE Il — FOUR TRIP COUNTER WITH 

ERASE FEATURE — TRANSISTORS 

Component 

Transistors 
Diodes and 
Capacitors 
Resistors 
Relays 

Qty F.R.• Total F.R. 

10 
Rectifiers 13 

9 
32 
2 

66 

0.70 
0.45 
0,08 
0.10 
1 

7 
5.85 
0.72 
3.20 
2  

18.77 

F.R. — the failure rate in per cent per thousand hours. 

Data taken from work done at General Electric Co. System used 
on the Electra turbo-prop commercial airliner 19 

MEMBERS OF THE NATIONAL ASSOCIATION 

rtF RELAY MANUFACTURERS 

Adams & Westlake Co. 
AEMCO, Inc. 
Allied. Control Co., Inc. 
Artisan Electronic Corp. 
Automatic Electric 

Sales Corp. 
Baso, Inc. 
C. P. Clare Co. 
Comar Electric Co. 
Couch Ordnance, Inc. 
Davis Electric Co. 
Electro-Mechanical 

Specialties 
Electro-Tec Corp. 
Elgin National Watch Co. 
The Electronics Division 

Filtors, Inc. 
General Electric 

Manufacturing Co. 
General Railway Signals 

Co. 
Globe Electrical 

Manufacturing Co. 
Guardian Electric 

Manufacturing Co. 
G-V Controls 
The Hart Manufacturing 

Co. 
Hi-G, Inc. 
International Business 
Machines Corp. 

Iron Fireman 
Manufacturing Co. 

Kellogg Switchboard 
Supply Co. 

Leach Relay Divisio 
Leach Corp. 

Magnecraft Electric Co. , 
North Electric Co. 
Phillips Control Corp. 
Joseph Pollack Corp. 
Potter and Brumfield, 

Inc. 
Price Electric Corp. 
R-B-M Controls Division, t 

Essex Wire Corp. ' 
Sigma Instruments, Inc. 
Struthers-Dunn, Inc. 
Union Switch and Signal 

Division 
Wheelock Signals, Inc. 

Advances in relay-device design, as well as ideas and applications 
of these designs to switching techniques, are discussed annually 
at a Relay Conference sponsored by NARM. These meetings have 

been held at Oklahoma State University, Stillwater, Oklahoma 
and have had the support of C. F. Cameron and his staff at the 
University. Some of the relay developments discussed in this 

report were presented in papers delivered at these meetings 

and a separate circuit was designed using transistors, 

see Fig. 3 A and B. Failure data, accumulated from 
several hundred-thousand hours of actual flight, is as-

sumed constant, and does not include early failures or 
infant mortality losses or wearout failures. Tables I and 
II presents data on both systems. This example is not 
intended to show that the contact approach is the better, 
in every case, but that both approaches should be con-
sidered to evaluate each circuit problem. 

PLANNING THE CIRCUIT—Many engineers put in 
systems design work want to replace all contact devices 
with diodes, transistors, magnetic amplifiers and vacuum 
tubes without first planning the circuit according to prac-
tical considerations of cost, temperature, power sources, 

and reverse voltage requirements'. 
New approaches to switching offer extreme sensitivity, 

microsecond switching, and life expectancy limited only 
by aging of the materials used". And some high-speed 

switching devices could not justify presently available 
electromechanical devices. At the present time, these 
switching functions can be performed by solid-state 

switches that employ complex circuits. 
But there is compatibility between the static device 

and the contact device, and advances are taking place in 

both areas. 

PRINTED CIRCUIT BOARDS—These assemblies be-
ing used for mounting switching devices, they permit 
construction that is only one-half inch thick. In a new 
printed circuit board with mercury-wetted contact relays, 
power requirements are as low as 75 mw per switch, and 
speeds up to one msec are possible'. The printed circuit 
relay module is a simple approach to design problems. 
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at the major nulls at 180 and 360 degrees. 
The two-speed synchro can be built to have accuracies 

of 30 seconds, using the same manufacturing techniques 
and tolerances that result in 10 minutes of error in a 
single speed unit. One of the reasons for the improved 
accuracy is the elimination of second harmonic effects 
that are caused by uneven stresses in the magnetic struc-
ture. These stresses are generated by mounting clamps, 
temperature changes and residual stresses. The two-
speed synchro was completely designed on a digital 
computer, with a consequent sophistication in design 
and a minimum of test and experimental work. 

In addition to the multipole synchro, there are a 
number of approaches that are being investigated, in-
cluding synchros that are essentially capacitive, optical, 
and air operated, and one that uses the Hall effect. 
The Hall effect has been known since 1879 but has 

not been extensively applied because of the inefficiency 
of such devices with previously available materials. But 
in semiconductors the effect is multiplied 10,000 times 
compared with the best previous materials. Hall effect 
devices can be used as multipliers, to generate trigono-
metric functions, including sine and double-angle func-
tions. Experimentation is continuing and it is believed 
that exponential functions will also be possible. The 
advantages of these devices are that they will be con-
siderably smaller than present synchros and they should 
be another order of magnitude more accurate. The first 
unit of this type may possibly be in production within 
the next 12 months. 
The basic Hall effect generator is shown in Fig 3C. 

The use of this device for synchro work depends on 

the equation E = KlBcos0, where 9 is the angle between 
/ and B. 

Linear synchros are similar to other types except that 
the output has been linearized about the null position. 
The usual sine wave output of a synchro can be linearized 
relatively easily to -± 45 degrees and this range can be 
extended to ± 65 degrees and higher but with increased 
departure from linearity. The same technique used in 
linearizing can be applied to obtain other functions; thus 
work has been done on the so-called linear synchro 
toward obtaining tangent, logarithmic and other func-
tions. The shapes of the curves obtained can some-
times be varied with loading resistors and other circuit 
arrangements. 

Synchros for operation at 500 to 600 degrees C are 
being investigated. The first phase has consisted of a 
study of materials and processes. No such synchros are 
known to have been built but the study indicated that 
such units are feasible. 

Synchro test equipment has lagged behind synchro 
development, just as synchros have inevitably lagged 
behind system demands. Precision indexing devices— 
for testing synchros— today are accurate to ± 20 or 
30 seconds and investigations are in progress to pro-
duce indexers accurate to one second or better. The 
difficulty of this problem is indicated by the fact that 
at 100 feet, one second of arc fans out to 0.69 inch. 
There is also a need for test equipment for field use. 
Field testers available today are basically the same equip-
ment used in synchro production. Thus field test equip-
ment is needlessly complex since it can measure many 
parameters the service man does not need to measure. 
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Table Il — Availability of Size 5 components Table by Huyck Systems Co. 
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One of the major problems in the application of syn-
chros is the impedance mismatch between resolvers, 

linear transformers and control transformers. Another 
area where improvement is needed is in signal to noise 
ratio near the null position. In this respect, a synchro 
may typically have a 30 mv null while an equivalent 
microsyn unit will have a null of only 2 mv. 
The microsyn is different from a synchro in that 

it uses a solid iron rotor instead of a wound rotor. 
In the microsyn both pickoff and excitation windings are 
located on the stator and the toothed or cogged rotor 
varies the coupling between the two sets of coils. These 
devices were developed especially for use with gyroscopes. 

SERVOMOTORS—Shown in Fig 4A and 4B are the per-
formance characteristics of a representative size 8 servo 
motor. The torque to inertia ratio has been improved in 
the past few years until it now approaches 100,000 radi-
ans per second per second. This has been a slow steady 
improvement and has resulted from continuing refinement 
in motor design. Another improvement has resulted from 
the use of special materials in the rotor to produce a com-
pensated torque curve that is less sensitive to tempera-
ture changes. The maximum, or stalled torque, of a mo-
tor at 125 C with compensated design, will be 85 to 90 
percent of its torque at 25 C. An uncompensated motor 
will have only about 65 to 70 percent of rated torque at 
125 C. 
The life of the smallest instrument servo motors has 

been approximately doubled in the past few years. 
Motors are available now with guaranteed life of 2,000 
hours at room temperature and 1,000 hours at 125 C. 
A few years ago they could be expected to last 1,000 
hours at room temperature. Another recent develop-
ment is the use of a magnetically coupled inertial damper. 
This development allows the rate feedback tachometer 
to be eliminated in some systems. The precision motor-
tachometer combination is typically used in an integra-
tion circuit, as shown in Fig. 5A. The speed of the out-

put shaft is controlled by the rate feedback system and 
the rotation of the output shaft is the integral of the 
input voltage over the time period it is applied. By using 
thermistors and opposing and aiding compensating wind-
ings, in the tachometer circuit, precision integrators can be 
made with an error of -±0.5 percent over the range 
from —60 to 85 C. Further improvements can be 
expected with better compensating networks and with 
better materials compensation in the rotor and magnetic 
circuit. 

The improvement in rate signal characteristics 
as a result of compensation is shown in Fig. 5C. The 
magnitude of the rate signal has been made almost flat 
and the phase shift has been improved. 
A trend in servomotors is toward the use of special 

epoxies for the case. These materials have so improved 
in recent years that they can be used as motor and 
synchro housings. They are strong enough to support 
bearings and the only metal in the case is the faceplate 
that is used for mounting. With a slight negative coef-
ficient of expansion with temperature, the epoxies actu-
ally improve performance with respect to temperature 
range. Size changes with temperature are less and out-
puts change less; this is of particular value with respect 
to precision synchros. Distinctive colors can be used 
and various color combinations such as stripes are feas-
ible. An important result of the use of epoxies is that 
costs will be reduced. 

Applications of small servo motors are primarily in 
instrument servos and in many types of computers, par-
ticularly in navigation and flight control computers. The 
usual supply frequency is 400 cps but there is some 
interest in going to still higher frequencies and some 
components have been made for operation at 2 Kc. The 
higher frequencies are particularly desirable when tele-
metry is involved in the system. Transmission of infor-
mation is usually by f-m and the 2-Kc signal provides 
a greater deviation than 400 cps; the 2-Kc signal is 
therefore easier to detect. 
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TABLE Ill—Gyro Research. (Courtesy Sperry Gyras:ope Company) 
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FIG. 6—Schematic (A) and speed-torque curves (B) for 
a shaded pole motor when operated as a two-phase servo-
motor (Barber-Colman Company) 
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FIG. 7—Servo clutches engage when magnetic field oper-
ates to reduce air gap to zero. The arrangement in (B) 
will probably to used in size 5 units 

SYSTEM DESIGN . . . . 
"Accuracy, reliability, speed, size, weight and cost are 

each important to the system designer. A system with 
just one component that is inaccurate, unreliable or 

otherwise deficient can render the entire design imprac-

tical. On the other hand, new components, though they 
may represent an advance in the state of the art, may 
be of no practical use because matching components with 
comparable characteristics are not available. 
As an example, potentiometers are available with reso-

lutions measured in microinches, hut mechanical effects 
such as bearing radial play and gear eccentricity make 
use of this characteristic impractical. Signficcmt advances 
in system performance are contingent, therefore, on sig-
nificant advances in all component parts. 

The accuracy of servo modules depends on gearing 
accuracy, servo threshold (a function of amplifier gain 

and motor starting friction) and the accuracy of the 
input devices themselves. In MOSI applications the errors 
in available synchro control transformers are consistent 
with other errors but more accurate potentiometers in the 
7/8 to 11/8-inch diameter sizes are needed, particularly in 
the single turn type. 

The development of servo modules smaller than the 
nominal 2 inch types now available is restricted primarily 

by the limited availability of size 5 synchros and motor-
tachometers. Several potentiometers and 400-cps servo-

motors are now available in this size hut these alone are 
not enough for a size 5 system." 

JOHN B. HEAVISIDE 
Standard Products Group Leader, Ilnyck Systems Company 



For d-c applications, the permanent magnet motor with 
rectangular or flat construction has been developed in 
the past few years. Two opposed permanent magnets 
with the rotor between gives a configuration adaptable 
to this construction. For industrial applications, rela-
tively low precision, inexpensive shaded-pole motors are 
often adequate. (Fig. 6A). Performance curves of a 
typical shaded-pole motor are shown in Fig. 6B. The 
motor is essentially a single-phase device and the two 
sets of shading coils provide a way to obtain either 
forward or reverse rotation with only a switch for 
control. By connecting the shading coils in series, opera-
tion similar to a two-phase servomotor is obtained. An 
electronic amplifier then drives the control winding. 

Servomotors for industrial use are typically d-c, 50 
or 60 cps but precision 400-cps equipment is so attrac-
tive that 400-cps power supplies can sometimes be justi-
fied. This trend is not extensive but is likely to be 
accentuated as automation continues and operations 
become more precise. There is also an increase in the 
use of d-c in industrial control systems. 

Servomotors are also being constructed as two-speed 
devices, a high speed for fast correction of large errors 
and low speed for accurate nulling. In one case, a servo-
motor is combined with a digital or incremental motor. 
Another design uses electromechanical clutches to couple 
either high or low-speed gearing. Faster system response 
can be obtained in this way without a corresponding 
increase in instability. 

CLUTCHES—The clutched servo has the advantage 
that it removes motor inertia from the control loop. 
Since the motor often contributes the major part of 
system inertia, the clutch system allows greater load 
acceleration. Not only is motor inertia removed from 
the loop, it now actually improves system performance, 
and it becomes practical to add a flyweel to the motor 
to increase power-source inertia. 
Shown in Fig. 7 are two arrangements of a high-

performance, magnetically operated, friction disk clutch, 
an important design in instrument-type servos. Thb 
clutch faces are typically metal, sometimes with serrations 
or teeth. Both arrangements shown have been used for 
size 8 and larger servo clutches, but the arrangement 
shown in Fig. 7B is the design that will probably be used 
to obtain a dependable size 5 unit. The difficulties in 
obtaining the size 5 unit are heat dissipation, dimensional 
stability with temperature changes and coil encapsulation 
problems. 
The instrument-type servó clutch typically operates in 

less than 10 milliseconds but there are at least two other 
types that respond faster. The crystal clutch uses a piezo-
electric material that changes dimensions when a voltage 
is applied. Useful torque can be transmitted within 0.2 
millisecond of energizing. The crystal clutch is used in 
some specialized applications. 

Another type of clutch that will actuate in 1 milli-
second or less is an electrostatic type developed by IBM. 
It is not primarily a torque transmitter, however, but 
does find use in IBM equipment. 

Suspended particle, or magnetic. clutches are not 
generally available in small sizes. The development 
problems are breakaway torque at low temperature and 
Iii;uid seals at high temperatures. 

GYROSCOPES—Gyroscopic force is inherent in any 
mass rotating about a self-contained axis. The earth 
spinning on its axis is a gyroscope but the moon rotating 
about the earth, the earth and planets spinning about 
the sun are not gyroscopic systems. There must be a 
rigid connection between all parts of the rotating system 
for gyroscopic reaction forces to occur. 
The spinning wheel, most common of all practical 

gyros, is not the only way this force can be developed. 
An oscillating system, such as a tuning fork, also devel-
opes gyroscopic force, a principle successfully applied in 
the vibration gyro. Gyroscopes that would use piezo-
electric and magnetostrictive properties are at least theo-
retically possible. Research is being done on instruments 
that would use these effects but there is little optimism 
that such instruments can be made more accurate or 
more useful than conventional types. 

Typical free, or displacement, gyros are shown in 
Fig. 8. In Fig. 8B the addition of a viscous damping 
element converts a displacement gyro into a unit which 
integrates the amount of displacement. In Fig. 8C a 
spring return element gives a gyro which measures the 
rate of displacement. 

Gyroscopes, because of the precision requirements of 
inertial guidance, have probably been brought closer to 
their ultimate perfection than any other electromechanical 
device. Shown in the chart are some of the techniques 
and concepts now being applied or being researched for 
future use. 

The requirements of short range guided missiles are 
enough different from inertial guidance requirements that 
simpler and cheaper gyros can be used. Once fired, the 
missile life may be only a few seconds or minutes. Thus, 
freedom from long term drift is not an essential and 
power requirements are less stringent. Therefore a pre-
wound spring or other simple means is used to set the 
rotor spinning at the time the missile is fired. The coast 
period of these simple gyros extends to ten minutes or 
more, by which time the mission is complete. 

In Fig. 8A, the single degree-of-freedom gyro is 
supported, through the gimbal frame, by the bearings 
on the output shaft. Under conditions of zero input, the 
output shaft is stationary and metal-to-metal contact 
between the balls and the race of the bearing is estab-
lished. Typically, two or three times the running force 
must be exerted to break the output shaft away from 
null. The magnitude of this break-away force, and thus the 
error introduced, is a function of the bearing coefficients 
and the weight of the gimbal-rotor structure, neither of 
which can be made zero. 

In the floated gyro, the entire gimbal-rotor structure 
is enclosed in an inner housing with only the output shaft 
brought through to the outer housing. A fluid fills the 
space between the two housings and in effect floats the 
gimbal structure with respect to the support bearings. 
When adjusted and balanced, with float and fluid density 
made equal, with the center of gravity of the float mass 
and the center of buoyancy located at the same point, 
and with close temperature control, the reaction of the 
support bearings on the output shaft becomes smaller than 
can be measured. This remains true even under accelera-
tion, with the result that jeweled bearings can be used 
at these points. 

The vibrating gyro is an a-c counterpart of the con-
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ventional rate gyro and uses vibrating masses instead of 
a rotor. In its simplest form, a tuning fork, the masses 
move in phase opposition in dynamic balance. When 
a rate of turn is applied about the fork's center line, the 

gyroscopic forces associated with the angular momentum 
of the tines produce an alternating twisting about this 
same axis. 
The output signal is a-c and varies in phase and ampli-

tude to indicate direction and magnitude. 

Electrostatic forces may be used to support a gyroscope 
rotor. The electrostatic gyro appears promising for long 
space flights. Gas leakage into the evacuated gyroscope 

should not present difficulties because of the high vacuum 
of space. The amount of power required for the suspen-
sion system can be reduced to less than one watt per axis. 
The cryogenic (magnetic suspension) gyroscope uses 

the principle of the repulsion of diamagnetic bodies by 
magnetic forces. When certain metals and alloys are 
cooled to extremely low temperature, they exhibit infinite 
electrical conductivity (zero electrical resistance). This 
property makes the superconductor diamagnetic. Dia-
magnetic materials have a magnetic permeability less than 

one and are repelled by magnetic forces; this force is 
used for suspension. 

The fluid sphere gyroscope is a new instrument 
with a rotating fluid mass as the angular momentum 
element. 

Elements of the instrument are a spherical cavity 
filled with a high density fluid and pressure sensitive pick-
offs. The spherical cavity rotates at high speed and 
imparts motion to the heavy fluid through viscous shear. 
As the spherical cavity spin axis is displaced through a 
small angle, the fluid instantaneously slips relative to the 
cavity to retain its original momentum direction. But 
the fluid has finite viscosity and will exponentially realign 
with the cavity spin axis. Thus the device is inherently 
a rate gyro with a time constant (a typical value is 0.5 
second). When the momentum axis of the fluid is not 

aligned with the cavity spin axis, a differential pressure 
occurs across the undisturbed fluid outside the cavity. 

Various subatomic particles possess angular momen-
tums characteristic of their energy states which are equat-

able to gyroscopic properties. In fact, certain types of 
particle phenomena can be explained conveniently only by 
taking gyroscopic properties into consideration. 

Unlike the conventional gyro wheel that must be 
supported and powered, the nuclear gyro has an angular 
momentum which is self sustained. 

Like the conventional gyro, the spinning particle must 
be oriented initially, it must then maintain this orientation 
and the orientation must be detected or sensed. Each 
atomic nucleus is suspended in matter—as if by the gim-
baling system of the conventional gyroscope. Under ordi-
nary conditions the spin axes are randomly oriented, 
making detection of the coordinates of any one particle 
extremely difficult. Accordingly, the trend of research 
is directed toward finding a way to orientate the millions 
of nuclei in a sample and to detect their gyroscopic prop-
erties collectively. The atomic gyroscope, if success-
fully developed, can be expected to use techniques similar 
.to those developed for atomic clocks. 

ACCELEROMETERS--Accelerometers are used in vi-
bration studies of aircraft, missiles and rotating equip-
ment, in inertial guidance systems and in geophysical 
studies. Accelerometers for studies of the earth's gravi-
tational field can detect variations in the earth's gravita-
tional constant as small as 10 -8 g. For vibration studies 
and other uses, units are available that measure accelera-
tions to several thousand g's. 

Accuracy of the simplest types is usually about 1 per-
cent, adequate for vibration studies but unacceptable for 
inertial guidance, where integrations of acceleration and 
velocity determine distance traveled. The flotation prin-
ciple developed for gyros is also used in high precision 
accelerometers. 
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FIG. 1—A comparison of actuators as a function of 
horsepower and speed of response to a step function 
input. The curves are approximate. Chart was prepared 
by Airborne Accessories Corp. 

FIG. 2—Performance en rres for a 26 volt d-e linear 
actuator. Solid curves are for a conventional screw, 
dotted are for a ball-bearing screw 

FIG. 3—Actuator, manufactured by Airborne Acces-
sories Corp., has the performance shown in Fig. 2. 
Maximum load is 2,500 pounds, weight is 5.44 pounds, 
unextended length is about 8 inches, stroke is approx-
imately 6 inches 

ACTUATORS 

AND TIMERS 

Electrochemical actuators have been 

refined for more flexibility and 

faster response, may be used more 

extensively in next generation 

of rockets and missiles. 

Timers, valves, solenoids have 

been made smaller, more reliable 

ACTUATORS—THE SYSTEMS ENGINEER is typically faced 

with the problem of which actuator to use. The answer 
is seldom clear cut and in many cases any of several 
solutions may be acceptable. Common types of actuators 
in high performance, critical weight areas such as missiles 
and aircraft are hydraulically driven devices and electro-
mechanical devices such as rotary or linear actuators. 
In addition, the electronic or electromechanical servo 
system is used to solve the problem, sometimes with 
a hydraulic power element and sometimes with an electro-
mechanical power element. 

Characteristics of the three types of systems overlap, 
with the main performance factors being speed of re-
sponse and horsepower. Fig. 1 shows the characteristics 
of the three systems today. The hydraulic system has the 
greatest speed of response for a given horsepower; 
hydraulic actuators can also handle power almost with-
out limit. But at low power, electromechanical devices 
can operate almost as fast as a hydraulic system. 

Performance curves of a representative electromechani-
cal actuator are shown in Fig. 2, with a conventional 
screw and a ball-bearing screw. High performance actu-
ators are primarily available for use with 400 cps or 
d-c. Some actuators for 60-cps operation are available 
but the range and variety is not as extensive as for 400 
cps and d-c. Gearhead motors and similar arrangements 
are typically used in industrial applications, where cost 
is usually important and weight is usually unimportant. 
A trend in actuators is toward the use of clutches and 

a motor that runs continuously. The technique removes 
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On Actuators 

In response to a question about the limit of complexity or 
sophistication for high performance actuators: 

"I do not believe it is passible to forecast a limit of 

sophistication for these devices. Actuators being built 
today are many times more sophisticated than those of 
even the recent past. They incorporate such features as 

load limiting and position limiting, they provide a wide 
variety of force versus displacement characteristics, all 
tailored to the needs of a particular application, and they 
incorporate a wide variety of feedback and siqnaling 

devices. Even so, they remain relatively crude when 
contrasted with the muscles and feedback devices of man. 

They excel in speed, power and positioning accuracy 
but are deficient in sensitivity. Perhaps the most sensitive 
actuators so far built are those used in remote handling 
equipment for radioactive material. Even a cursory study 
of these mechanisms shows, however, that they hay,' a 
long way to go if they are to equal the versatility and 

(9A) (98) 

(9C) • 
(9D) • 

FIG. 9—Elapsed time indicator by Waltham Precision 
Co. (A) reads to 9,999 hours, has mounting centers a 
little more than 1 inch apart. Countdown timer (B) by 
Automatic Temperature Controls for Titan ICBM fir-
ings. Clock by Sessions (C) uses A. W. Haydon chrono-
metrically controlled d-c pulse motor for wireless electric 
operation. Timer for missile applications by Bulova Re-
search and Development Labs., Inc. (D) 

FIG. 10—Possible way to obtain accuracy over a long 
time period would combine electronic and electromechan-
ical elements 

sensitivity of the human. The chief shortcoming of exist-
ing actuators is probably in the area of transducers. In 
general, our present day actuators respond as muscles to 
some transducer signals, properly amplified, with the idea 
that if the actuator performs by rote some predetermined 
action, the error signal from the transducer will be cor-
rected. There is no attempt to put secondary systems 
transducers in the actuator that would give it a chance to 
interpret its order with any degree of intelligence. The 
closest we have come to this requirement is the incorpora-
tion of so-called load limiting schemes in the actuator 
gear train or structure. These prohibit the actuator from 
exerting a force beyond some preset amount. Usually 

this preset amount is something just below the point of 
structural failure, either for the actuator or for the device 
it is moving, and well above normal operating require-
ments." 

C. N. HOOD II 
Director of Engineering, Airborne Accessories Corporation 

explosive charges. Additional details have not been made 
available. 

Electromechanical timers tend to be rugged, inex-
pensive, and, when the timing period is relatively long, 
(10 seconds or longer) more accurate than electronic 
units. In addition, the electromechanical timer can pro-
duce complex switching sequences and handle load 
currents to 25 amperes. One proposed timer, which is 
not a production unit, would use a combination of elec-
tromechanical and electronic circuits as shown in Fig. 

10. A timer of this type would have high accuracy and 
would operate over long periods of time. 

SOLENOID VALVES—A small solenoid valve, approxi-
mately 3/8 inch in diameter and about 13/a inch long, 
was developed for automobile use but is being investi-
gated for other applications. Because of its fast operation 
—open and close cycle in 6 milliseconds—the valve 
should be useful in certain hydraulic circuits where 
accurately timed control sequences are necessary. One 
possible use is in the volumetric control of fluids and 
gases. In this application, which is being investigated, a 
pulse width modulated signal controls valve operation. 

BIBLIOGRAPHY 
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Counters and and recorders 

are more flexible; printout devices 

are faster and are approaching 

the limits of present-day 

magnetic tape transports. This .field 

is bustling with activity; here is a 

sampling of new developments 

• )telakiki 

(A) 

(B) (C) 

FIG. 1—Bidirectional counter (A) available from 
Presin Co. Aircraft instrument (B), Bendix Corp. 
Spiral scale indicator (C), Liquidometer Corp. 

ELECTROMECHANICAL 

READOUT 

ELECTROMECHANICAL COUNTERS have not been signifi-
cantly miniaturized in recent years, although some readout 
devices have, as discussed in this report under TIMERS. 
Some new features have been added, however, including 
bidirectional counting and the addition of a limited num-
ber of switching circuits for control at preset counts. 
Shown in Fig. IA is a double-limit, predetermining 
' counter. It accepts random forward and backward operat-
ing pulses without loss of count and closes a contact at a 
preset count and another contact at zero. The device has 
applications in digital quality control systems, and ware-

house and parking-lot operations. 
A new approach in counters is toward single wheel 

counters which close a circuit in the home or zero 
position. Single units can be stacked side by side to 
obtain as many digits as required. 

INDICATORS—In high-precision equipment, readout is 
often digital or as servo-driven tapes, as shown in Fig. 
18. The tape increases scale length from a few inches 
to several feet or more, while digital presentation pro-
vides essentially infinite resolution. Another means of 
increasing scale length is shown in Fig. IC, where a spiral 
scale is used. The pointer length varies as it moves so 
that no ambiguity develops as to which part of the scale 
to read. Instruments of this type are backlighted, with 

reduction of glare and enhancement of readability. Lucite 
is used to pipe light to the pointer, so that the pointer is 

(C) 

FIG. 2— Miniature printer (A), by Potter Instru-
ments, in 3-inch diameter case. Printout system (B), 
by Analer Corp., operates at 1,000 lines per minute. 
Printer-plotter (C), by Briggs Associates, Inc., pro-
duces 4,000 lines per minute or draws ten graphs 



also illuminated for greater readability. 

PRINTOUT DEVICES—A major limit on digital elec-
tronic computers is the speed at which information can 

be fed in or read out. As a result of this limitation, 
printout devices are operated either on-line with sum-
mary results only or off-line. In on-line summary opera-
tion, the computer operates on the input information, 
uses an internal memory system and prints out only the 
final answer. Answers to intermediate steps in the prob-
lem solution are discarded. In off-line operation, the 
computer generates a series of answers faster than print-
out devices can follow and the answers are transferred 
at high speed to magnetic tape. The tape is then run at 
a slower speed through the printout device, where cus-
tomer invoices, inventory lists, payroll checks and other 
forms are prepared. The time saved is significant and 
allows maximum use of the computer. 
Tape transports have recently been developed that 

record 2,000 bits per inch and process tape at 150 inches 
per second, giving 300,000 bits or characters per second. 
This is an effective computer clock rate of 300 Kc, as 
compared to a clock rate of about 6 Kc approximately 
four years ago. There is a continuing effort to push 
this rate higher and higher. 
Shown in Fig. 2A is a miniature, high-speed printer 

that operates at 1,800 characters per minute. It uses 
pressure sensitive paper tape and a character wheel that 
rotates at 30 revolutions per second (1,800 rpm). When 
the character to be printed is in position, a solenoid 
driven hammer brings the paper into contact with the 
wheel and the information is transferred. The paper is 
driven continuously at 3 inches per second and is not 
stopped during the print operation; one character is 
printed during each revolution of the wheel, which deter-
mines the operating speed of 30 bits per second. Decod-
ing circuits for the parallel entry digital signal are tran-
sistorized and self-contained. 
The rotating print wheel concept is also used in print-

out devices of the type shown in Fig. 2B. Output speed has 
been increased in recent years to 1,000 lines per minute 
for alphanumeric readout, with as many as 160 char-
acters in each line. A separate character wheel and 
hammer are used for each character in the line. When 
only numeric characters are used, operating speed can 
be increased to 2,000 lines per minute. 
One design idea is to use cards instead of magnetic 

tape for input to the printout device. Cards can first be 
automatically sorted, then printed out, an advantage in 
some applications. Typically, each card generates one 
line of output. Operating speeds for card-fed print outs 
range from 700 to 2,000 cards per minute. There has 

been a strong push toward more eionomical printout 
devices and one firm recently announced price reductions 
of 40 to 50 percent on some of their equipment. 
A different type readout device is shown in Fig. 2C. 

Although it operates from magnetic tape input similarly 
to other types, the output can be either lines of printed 
material or graphs. The output mechanism consists of 

1,024 needle type styli strung across a ten inch strip of 
paper, giving an output signal density of 102 points or 
dots per inch. The styli are individually energized by 
control amplifiers and an electrolytic action takes place 
between the paper and an iron anode, resulting in deposi-
tion of iron ions on the paper with consequent discolora-
tion. As many as 10 graphs or curves can be plotted 
simultaneously, with an accuracy of 0.05 percent of scale 
width. At the same time, grid lines, scale factors and 
annotations are drawn in. 

Letters and numerals are formed by energizing styli 
that will give the desired pattern. Maximum printing 
speed is a 4,000 lines per minute. A 2,400 foot roll of 
digitally coded magnetic tape can be read out in approxi-
mately eight minutes, giving 500 pages of graphs and/or 
printed matter. 

RECORDERS—Shown in Fig. 3A is a recorder which 
stores data in digital form on paper tape. Input can be in 
continuous analog form as would be obtained from a liq-
uid-level measuring system, or it can be essentially digital 
information, as in traffic or pulse counting. The code 
wheels generate a digital signal from rotation of the input 
shaft. Each revolution of the input shaft generates 100 
bits. A gearing ratio of 100 to 1 between the two code 
wheels allows counts up to 10,000. When the recorder 
is used for traffic couhting, it can be set to make sample 
counts every 15 minutes. Readout is in three forms: 
visual from markings on the wheels; electrical contact 
closures for telemetering or control; punched tape for 
storage and later analysis. The recorder operates on a 
6 volt battery for portable use but is also available for 
other voltages. 
An 11 bit digital recorder is shown in Fig. 3B. In addi-

tion to printout, it gives a simultaneous analog output. 

FIG. 3—Punched tape recorder (A), by Fischer and Porter Co., is used in traffic recording. Digital recorder (B), Hew-
lett-Packard, also has analog output. Electromechanical indicator (C), by Allard Instrument Corp., can be fitted 
with specially designed flags 
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FOR SYSTEMS OF NAVIGATION. GUIDANCE. TRACKING, 
COMMUNICATION, DETECTION, RANGING, COMPUTATION 

Original Bowmar concepts in servo design and packaging 
are playing an important role in space navigation to make 
"way-side" landmarks out of celestial bodies. 

Achievement of these objectives becomes more evident 
as the nation's leaders in space and flight control systems 
increasingly utilize Bowmar's collateral engineering skills, 
production facilities, and servo packaging hardware. 

With strong accents on reliability, Bowmar has step by 
step improved the state of the art in precision control, 
guidance, computation, and communications packages 
while contributing to extraordinary reductions in system 
weights and sizes. 

Bowmar skills have been demonstrated repeatedly in sys-
tems for many of the nation's most important aircraft. 
missile, and rocket programs. This has been achieved by 

tie 

Bowmar's knowledgeable grouping or packaging of com-
ponents into complete functional assemblies, ready to 
perform system thinking processes. 

These engineering skills and expanding facilities are 
readily available to help reduce system weight and size 
while improving reliability. 

Bowmar's technical and administrative staffs welcome the 
opportunity to demonstrate how these skills may be ap-
plied to your precision control, guidance or computation 
systems. Your specific inquiries are invited and will receive 
prompt replies. 

Write for Newest Handbook and Name of 

Nearest Bowmar Representative 

INSTRUMENT CORPORATION 

8000 BLUFFTON ROAD FORT WAYNE, INDIANA 

PRECISION ELECTROMECHANICAL CONTROLS AND INSTRUMENTATION, 
SERVOMECHANISMS. PRECISION MINIATURE SEARHEADS, 

NAVIGATIONAL COUNTERS, INDICATING DEVICES 
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Announcing a new series ot 

size 8 servo components designed for 

today's high performance systems 

(HIGH TORQUE) (LOW INERTIA) 

EAD's new line of Size 8 servo 
components are designed to meet 
the extreme environmental condi-
tions and the reliability required 
by today's advanced control sys-
tems. From a family of six basic 
units, the design engineer has the 
selection of servo motors, inertially 
damped servo motors or servo 
motors with tachometer generators 
for "hi-T" or "lo-J" system needs. 

As with all EAD components, these 
motors can be modified, if neces-
sary, and can be supplied with 
a wide variety of integral gear 
reductions. 

TYPICAL CHARACTERISTICS 

• 26 volts per phase, 400 cycles 

• Stall power per phase (watts): 

hi-T 3.0 
lo-J 2.8 

• Max. power output (watts): 

hi-T .40 
lo-J .28 

• Size 8 diameter: .750" 

• Meets MIL-E-5272, MIL-E-5400. 

• Ambient temperature: —55 -C to 
-,-125 C. 

Construction features: precision 
ball bearings, housing and hard-
ened shaft all of stainless steel. 

SERVO MOTORS 

hi-T lo-ef 
Embraces high torque/ For low time constant 
watt ratio and adequate and fast response to 
acceleration characteris- input signals in systems 
tics. Stall Torque, .35 requiring max. torque/ 
oz-in.; Rotor inertia, .66 inertia. Rotor inertia, .17 
gm.-cm2; Acceleration, gm.-cm2; Acceleration, 
37,000 rad./sec.2;.No load 104,000 rad./sec.2; No 
speed, 6500 rpm; Damp- load speed, 6500 rpm; 
ing coefficient, 36 dyne- Damping coefficient, 26 
cm-sec/rad.; 3.0 watts/ dyne-cm-sec/rad. Stall 
phase @ stall. torque, .25 oz-in. 

SERVO MOTORS with TACHOMETER GENERATORS 

hi-T lo-J 
Stall Torque, .35 oz-in.; Rotor inertia, .23 gm.-
Rotor inertia, .72 gm.- cm2; Acceleration. 77,-
cm2; Acceleration, 34,400 000 rad./sec.2; No load 
rad./sec.2; No load speed, speed, 6200 rpm; Damp-
6200 rpm; Damping ing coefficient, 27 dyne-
coefficient, 38 dyne-cm- cm-sec/rad.; Gen, output, 
sec/rad.; 3.0 watts/phase .250 v/1000 rpm; Phase 
@ stall; Gen, output, shift, +10'; Null voltage, 
.250 v/1000 rpm; Phase 10 mv.; Gen. input, 1.7 
shift, +10'; Null voltage, watts. Stall torque, .25 
10 mv.; Gen. input, 1.7 oz-in. 
watts. 

SERVO MOTORS with INERTIAL DAMPERS 

hi-T lo-c1 
Stall torque, .35 oz-in.; Rotor inertia, .54 gm-
Rotor inertia, 1.0 gm.- bm2; Acceleration, 32,-
cm.2; Acceleration, 24,- 700 rad./sec.2; No load 
700 rad./sec.2; No load speed, 6000 rpm; Damp-
speed, 6000 rpm; Damp- ing coefficient, 28 dyne-
ing coefficient, 39 dyne- cm-sec/rad.; Flywheel 
cm-sec/rad.; 3.0 watts/ damping, 60 dyne-cm-
phase @ stall; Flywheel sec/rad.; Corner freq., 
damping, 60 dyne-cm- .77, 2.8 and 16.4 cps. 
sec/rad.; Corner freq., Stall torque, .25 oz-in. 
.98, 2.8 and 18.5 cps. 

SEND FOR COMPLETE TECHNICAL DATA 

EASTERN AIR DEVICES, INC. 
SUBSIDIARY OF NORBUTE CORPORATION 

397 CENTRAL AVENUE. DOVER. NEW HAMPSHIRE 
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Orbits through space 

The space-flight paths diagrammed above represent a closed elliptical orbit, a 
parabolic orbit, and, on the outside, an open, hyperbolic orbit characteristic 
of the start of an interplanetary flight. 

Orbital flight mechanics is one of the many areas of advanced investigation at 
Boeing. The staff of the Boeing Scientific Research Laboratories, for example, 
carries out basic research in such fields as energy conversion, hypersonics, 
magneto-hydrodynamics and plasma physics. 

Other Boeing scientists and engineers are working toward the advancement 
of supersonic flight, propulsion systems, gas turbine engines, commercial and 
military aircraft, vertical and short take-off and landing aircraft. 

Professional-Level Openin.gs 

The wide scope of Boeing programs in all areas 

of manned and unmanned flight, from theoretical 

research to advanced precision fabrication, offers 

careers of unusual interest to professional special-

ists in engineering and scientific fields, as well as 

in other-than-engineering areas. Drop a note, 

mentioning degrees and major, to Mr. John C. 

Sanders, Boeing Airplane Company, P. 0. Box 

3822 - EN H, Seattle 24, Washington. 

15,17EIVIVG 

Divisions: Aero•Space • Transport • Wichita • Industrial Products • Vertol • Also, Boeing Scienhh, •.,tch Laboratories • Aluni lri h Associates, Inc.— a Boeing subsidiary 
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electronics 
September 30, 1960 

Technician in photograph above checks 
performance and alignment of the re-
ceivers, while the ladies on the right 
do their best to keep him busy 

WIDEBAND F-M RECEIVER 
FOR REMOTE AIRCRAFT CONTROL 

By T. L. FISCHER, Senior Development Engineer, Babcock Radio Engineering Inc., Costa Mesa, Calif. 

Receiver can provide a 

control link between ground 

station and a missile or 

missile-target airplane, it 

can control the flight path of 

a helicopter, or destroy 

a missile should it go 

dangerously off course. It is 

completely transistorized 

THIS COMPLETELY TRANSISTORIZED 

406 through 549-Mc f-m receiver 
has been designed to equal or exceed 
in performance, cost and producibil-
ity its vacuum-tube counterpart. 
Receivers of this type are widely 
used by the military as part of the 
radio link for remote control of 
missiles and missile-target aircraft. 
They are also used as range safety 
receivers for remotely terminating 
the flight of a vehicle should it go 
out of control. 

This receiver is a self-contained 
unit providing a demodulated audio 
output for coupling to a variety of 
decoding equipment. 
Command information is trans-

mitted from a control point to the 
airborne receiver by a frequency-

modulated carrier generated by a 
transmitter. Transmitter power 
output capabilities range from 30 
to 1,000 watts. The transmitter 
is frequency modulated by as many 
as 20 tone channels di:persed ap-
proximately 12.5 percent apart 
from 7.5 to 73 Kc. These tone 
channels may be turned on an off, 
varied in amplitude, frequency 
modulated, pulsed on and off at a 
constant rate with varying pulse 
widths or used in other ways to 
convey command information. The 
deviation utilized is normally -± 
300 Kc or -±- 120 Kc; the latter 
being preferred for new designs. 

Associated with the receiver in 
the aircraft are decoding, autopilot 
and electromechanical devices for 

-4— CIRCLE 84 ON READER SERVICE CARD 85 



transforming electrical signals into 
the aircraft or missile response. 

Visual or radar contact is main-
tained with the controlled aircraft 
and information regarding the 
flight path is made available to the 
controller operator. By a control 
system of this type, the difficult and 
complicated function of controlling 
the flight path of a helicopter is 
even possible. 
Where danger exists from a mis-

sile or other unmanned aircraft 
that may leave its intended flight 
path and present a hazard, a range 
safety system is included. This 
same radio link can remotely ter-
minate the uncontrolled flight—re-
lay operation of the decoder ener-
gizes an explosive charge that may 
completely disintegrate the vehicle 
or separate a critical portion to 
abort its flight ability. 

In all of the applications, reli-
ability is of primary importance. 
The receiver may be broken 

down into five separate sections as 
illustrated in the circuit diagram. 

COAX TUNED CIRCUIT-CAPACITY 
LOADED fA LINE SECTION 

HARMON C 
PRESELECTOR SELECTOR 

_É 
7-

C:31 

LINK COUPLING COUPLING 

1,000 PF 

4 II  

=== 

R
F
 
I
.
N
J
E
C
T
I
O
N
 

1ST IF 
2M 225 

I TY'll 

The preselector is composed of 
three identical sections of capaci-
tance-tuned 1 wave line. These sec-
tions are synchronously tuned and 
loaded to provide a flat, coupled 
bandpass of approximately 2 Mc. 
Under such conditions an overall in-
sertion loss of as little as 1 db has 
been measured. The vswr at the 
input terminals is better than 1.5 to 
1 over the 2-Mc bandwith. Three 
sections are necessary to reject the 
local oscillator energy in the third 
section and to prevent its passage to 
the antenna terminals. The three 
sections also provide image and spu-
rious response rejection of greater 
than 60 db. The rejection require-
ments, together with the necessary 
operating Q, dictate the intermedi-
ate frequency which was chosen to 
be 33.5 Mc. The preselector operat-
ing Q is established by the allow-
able insertion loss with a given 
unloaded Q. 

The low noise IN82A silicon 
mixer diode, which may be con-
sidered a part of the preselector, 

was chosen for its uniform charac-
teristics and universal availability. 

Crystal controlled local oscilla-
tor energy with a frequency toler-
ance of 0.005 percent is required 
for mixing with the r-f input in the 
mixer diode. The number of crys-
tals required to cover the band in 
one Mc increments has been re-
duced from 144 to 78 by providing 
high-side injection for channels be-
tween 406 and 473 Mc and low-
side injection from 473 through 
549 Mc. With this arrangement, 
local oscillator energy between 
439.5 and 515.5 Mc must be gen-
erated. 

Generation of this local oscilla-
tor energy is accomplished in two 
transistors and one harmonic gen-
erating crystal diode. One of these, 
a 2N1225 drift transistor, is uti-
lized in a common-base configura-
tion with a third overtone type 
CR-52/U crystal to provide crys-
tal controlled energy between ap-
proximately 48 and 58 Mc. This 
oscillator circuit is a modified Col-

I TRIPLER 

I 

N87A 

TRIPLER 
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5 pFT--

22K 

- - - --V 
0.001 )1 

7.7-Z33pF 

2ND IF 
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 'NAN  
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  1+  
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PLUG 8 
SOCKET 
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pitts type with feedback between 
the collector and emitter circuits 
through the frequency determining 
quartz crystal. 
The collector tuned circuit, which 

is resonant at the crystal frequency, 
has been provided with two capac-
itance taps. One tap allows opti-
mum excitation for the crystal 
feedback circuit and the other pro-
vides impedance matching to the 
emitter of the tripler stage. 
The tripler stage is a 2N700 

mesa transistor connected in a com-
mon-base configuration. Maximum 
efficiency is obtained in this configu-
ration with collector frequencies of 
approximately 146 through 171-8 
Mc. Approximately 30 mw is re-
quired from this stage to drive the 
1N87A harmonic generator crystal. 
The harmonic generator diode may 
be connected directly to the tripler 
collector because of the latter's rela-
tively low impedance. 

Selection of the third harmonic 
of the tripler stage or the ninth 
harmonic of the oscillator is accom-
plished in the high Q capacitance-
loaded l wavelength line section 
cavity. Operating Q of this circuit 
is made as high as practicable to 
reject the unwanted harmonics of 
the oscillator present in the tripler 
output circuit. 
A link which provides injection 

into the mixer diode of the local-
oscillator energy is inductively 
coupled to the harmonic selector. 

The complete local oscillator is 
in a separate shielded compartment. 

All power leads entering this com-
partment are filtered by low induc-
tance feed through capacitors. 
Local oscillator energy is confined 
to this compartment and cannot 
appear on the external power and 
control leads from which it may be 
radiated into other receiving equip-
ment in the aircraft. 
The receiver may be readily 

tuned to any frequency within its 
range by replacing the crystal and 
adjusting the preselector and local 
oscillator controls. 
A transistor voltage regulator 

has been included in the receiver. 
Over the input voltage range of 
22 to 32 volts, the maximum varia-
tion of output voltage is 5 percent. 
The i-f amplifiers comprise eight 

stages, each of which uses a 2N1225 
pnp drift transistor in the com-
mon-base configuration. The first 
four stages are double-tuned, the 
following three are single-tuned 
and the last one is the f-m detector 
driver. 

Since the input impedance of 
the amplifier is approximately 
equal to the output impedance of 
the mixer over the passband of the 
amplifier, the mixer output is fed 
directly into the emitter of the first 
amplifier stage without a matching 
transformer. 
The power gain of each of the 

double-tuned i-f stages is 15 db. The 
following three single-tuned stages 
have a power gain of 20 db. each. 
The f-m demodulator is a modified 
ratio detector which provides maxi-

mum a-m rejection. 
The audio information recovered 

from the detector is fed to a two-
stage, transformer coupled ampli-
fier. The input stage is a 2N331 
pnp emitter follower which pro-
vides high input impedance (ap-
proximately 20K ohms) for mini-
mum loading of the detector. The 
emitter output is coupled, by an 
impedance matching transformer, 
to the bases of a push-pull common-
collector output stage using two 
2N331 pnp transistors. The output 
transformer may be changed to 
provide various output impedances 
at a power level of approximately 
40 m-w. Common-collector stages 
were used because of their inherent 
temperature stability and low out-
put impedances. These low im-
pedance circuits allow use of minia-
ture transformers. The amplifier 
has a power gain of 38 db and a 
frequency response flat within 3 
db from 5 Kc to 80 Kc. 
The receiver section has been 

used in a missile command de-
struct unit by combining a transis-
torized decoder together with the 
receiver to form a completely tran-
sistorized range safety receiver. 
The decoder section of this unit has 
a logic circuit that prevents unde-
sired operation of the destruct sys-
tem by an interfering signal. 
The author wishes to acknowledge 
the assistance of Claudio Silva dur-
ing the developmeint of this receiver 
and in the preparation of the 
article. 

Every receiver stage is screened from its neighbors by the egg-crate construction of the chassis, which cuts down both 
electromagnetic and electrostatic strays. The eight i-f stages contribute to the overall gain of 100 db of the i-f strip, 
while their interstage transformers have specially shielded construction of powdered iron tube installed in a drawn-
brass can. Local oscillator frequency is stable to within 0.005 percent, with frequency being changed by plugging-in fresh 
erifStals 
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STAR TRACKER USES 

Experimental stellar tracking system scans the image tube electronically, 

generating an error signal when the optical axis of the tracker deviates from 

the line of sight to the star. Tracking is at -a rate of almost one radian per second 

By WILLIAM D. ATWILL, Astrionies Laboratory. ITT Laboratories, Fort Wayne. Indiana 
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FIG. 1—Block diagram of star tracker shows how the azimuth and eleva-
tion servo motors are actuated to align the image tube with a star 
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FIG. 2—Scan pattern across mechanical aperture (A) shows the centered 
and not-centered conditicrns that cause the azimuth gate outputs (B) of 
no-error and error 

HIGH-SPEED ROTATING DEVICES in 

satellites and space vehicles present 
serious problems. Conventional 
bearings cannot be used in a vacu-
um because the lubricant will 
quickly evaporate. When precise 
control of vehicle attitude is re-
quired, the intermittent use of 
rotating devices would require re-
moval of the angular momentum 
imparted to the vehicle. This re-
quires the expenditure of additional 
energy by the vehicle attitude con-
trol system. 

Conventional star trackers use a 
motor-driven reticle that modulates 
the star radiation prior to detection 
by a phototube. This requires 
either gimbaling the phototube, 
motor and optical system or the 
use of mirrors or prisms to direct 
the radiant energy to a stationary 
phototube. The vibration imparted 
to the tracking element by the scan-
ning motor may limit the angular 
resolution of the tracker. These 
problems have prompted the design 
and development of an electronic 
scanning star tracker at ITT 
laboratories. 
The tracking telescope is a com-

pact unit including phototube, opti-
cal system and modulator. The 
telescope may be gimbaled to track 
from a stabilized base or may be 
fixed directly to the vehicle. Elec-
tronic scanning of the image sec-
tion of the ITTL 6836 (or FW-118) 
tube generates an error signal that 
determines if the optical axis of 
the tracker deviates from the line 
of sight to the star. The scanning 
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EL F:CTR ONIC SCANNI 

technique was originally proposed 
by J. R. Clark, also of ITT labora-
tories. 
An experimental stellar tracking 

system has been developed by the 
author that uses electronic scan-
ning of the 6836 tube. The device 
has provided quantitative data on 
angular resolution and sensitivity. 
The tracker has operated continu-
ously through nine 12-hour periods 
at scientific exhibits where tracking 
was demonstrated by using a series 
of lights that were operated sequen-
tially to simulate a moving 
target. 
The tracking head is shown in 

the photograph. This unit com-
prises the telescope, gimbals, and 
azimuth and elevation drive motors. 
The telescope contains a 1-inch 
achromatic objective with a 2-inch 
focal length preceding the multi-
plier image photo-tube. The rear 
section of the telescope contains the 
multiplier voltage divider and video 
coupling components. For exhibi-

Side view of tracking head (left) shows rear section of telescope, which contains the multiplier voltage divider and 
video coupling components. Author performs angular resolution measurements in laboratory setup (right). The elec-
tronics unit at left is cable-connected to the tracking head at center, which permits remote operation of the equipment 

tion all electronic circuits are re-
motely located and cable-connected 
to the tracking head. 
A star image is focused on the 

photocathode of the 6836 by the 
telescope optics, as shown in Fig. 
1. The 6836 tube is an image tube 
combined with a 16-stage multiplier 
section, with the screen of the 
image tube replaced by a small 
aperture. The •photocathode con-
verts the optical image to an elec-
tron image which is accelerated 
electrostatically through the aper-
ture to the first dynode of the 
multiplier. The photocathode cur-
rent is amplified 10,000,000 times in 
the multiplier section of the tube. 
Deflection coils sweep the electron 
image across the aperture in any 
desired sweep pattern. The output 
developed across the collector load 
impedance is a series of square 
waves. When the star image does 
not lie along the optical reference 
axis of the image tube, the time 
asymmetry of the square waves 

NG 

gives rise to a component at the 
fundamental sweep frequency. This 
component constitutes the error 
signal which when amplified drives 
the telescope servo motors. Syn-
chronous gating circuits switch the 
output of the phototube alternately 
to the azimuth and elevation servo 
loops. 
The sweep pattern used in the 

tracker is shown in Fig. 2A where 
the excursions of the beam are 
intentionally separated to show the 
continuous path involved. The 
square waves developed at the 
phototube collector have a duration 
determined by the time the electron 
image falls within the aperture. 
The switching circuits are syn-
chronized to switch the tube output 
from one servo channel to the other 
each time the sweep returns the 
electron image to the center of the 
pattern. When a target appears 
in the field of view, each channel 
receives pairs of pulses separated 
by periods in which the opposite 

September 30, 1960 89 



channel is completing one arm of 
the sweep pattern, as shown in Fig. 
2B (middle). Since the sweep fre-
quency is 400 cycles with 90 deg 
phase separation between channels, 
the four pulses per sweep received 
by each channel are the second 
harmonic, or 800 cycles. In Fig. 
2A the sweep pattern is also shown 
for a star image displaced to the 
right. It can be seen that the pair 
of pulses for the right-hand portion 
of the azimuth sweep will have 
shorter durations than those from 
the left-hand portion. This gives 
rise to a fundamental component 
at 400 cycles which becomes the 
servo loop error signal as shown in 
Fig. 2B (bottom). The elevation 
error signal is developed in the 
same manner. 
The deflection coils are driven 

by a near-triangular current wave-
form which is derived from a 400-
cycle reference voltage as shown in 
Fig. 3A. Two sine waves with 90 
deg phase separation are applied 
to two clamping circuits which pass 
only the peaks of the waves and 
clamp them to zero. This tech-
nique provides a waveform with 
two triangular-shaped portions 
separated by a zero period of 
slightly more than 90 deg (Fig. 2B 
top). During this zero period the 
other channel executes the sweep of 
one arm of the sweep pattern. The 
sweep signals are amplified and 
applied to the deflection driver 
stages which have the deflection 
coils as cathode loads. 

Video switching circuits permit 
the video signals to go to the proper 
servo loop. To accomplish this, the 
400-cycle sweep reference voltage is 
full-wave rectified. The 800-cycle 
pulsating d-c is capacitively coupled 
to a paraphase amplifier. The out-
puts of this amplifier are alternate 
positive and negative control pulses 
for each arm of the sweep pattern. 
The control pulses are directed 

to the gate driver stages which 
open and close the azimuth and 
elevation gates, as in Fig. 3B. 
These gates allow the output of the 
video amplifier to be applied alter-
nately to the elevation and azimuth 
servo loops. 
The design of the stellar tracker 

circuits is such that there is an 800-
cycle signal present whenever a 
star is within the field of view. 
This signal may be used to indicate 

that the system is tracking even 
though the 400-cycle error signal 
has been nulled by the servo drive. 
The 800-cps carrier is removed 

from the azimuth and elevation 
signals by low-pass filters. The 
remaining 400-cps error signals are 
applied to audio power amplifiers. 
The power amplifiers drive the 
control phase windings of the two-
phase 400-cps servo motors. A 
phase-shift capacitor is connected 
in series with the fixed phase wind-
ing of the elevation motor and the 
400-cps supply. The azimuth motor 
phase shift is accomplished in the 
deflection circuit. 
The elevation motor has a stall 

torque of 1.33 oz-in. and drives the 
telescope through a 200-to-1 pre-
cision gear train. The azimuth 
motor has a stall torque of 2.35 
oz-in., driving the telescope through 
a 100:1 precision gear box. 

Experiments with the dynamic 
response of the tracker have shown 
that it is capable of tracking at a 
rate of almost one radian a second. 
The image section of the 6836 

phototube consists of a photo-
cathode 0.75 inch in diameter that 
is electrically connected to one ele-
ment of an electrostatic lens. The 
other element of the lens contains 
the mechanical aperture and is at 
the same potential as the first 
dynode of the multiplier section. 
The action of the lens is to project 
the mechanical aperture on to the 
photocathode. This results in a 
small active area at the photo-
cathode. The trajectories of photo-
electrons resulting from incident 
light outside this active area do not 
pass through the aperture. In the 
present design, the magnification 
of the image section of the 6836 
(FW-118) tube is 0.7. The tube has 
a 0.07-inch aperture giving a 0.1-
inch diameter active area on the 
photocathode. With no external 
deflection field applied, this active 
area is in the center of the photo-
cathode and aligned with the longi-
tudinal axis of the tube. 
The area of the photocathode 

used in scanning may be visualized 
by assuming the projection of the 
mechanical aperture being moved 
about the photocathode in the sweep 
pattern. If radiant energy falls 
within this area, the photoelectrons 
will be swept across the aperture 
in the sweep pattern. 

In describing the tracking opera-
tion there are two important terms 
scan field of view and instanta-
neous field of view. The scan field 
refers to the solid angle projecting 
from the telescope objective in 
which the presence of a radiant 
source will result in an electronic 
signal from the phototube. The size 
of this angle depends on the ampli-
tude of the deflection circuits and 
the telescope optics. In the experi-
mental model the deflection ampli-
tude is such that the active area 
is extended to two-thirds of the 
diameter of the photocathode in 
the cross sweep pattern. Combin-
ing the diameter of the photo-
cathode and the 2-inch focal length 
of the optics gives a scan field of 
view of 15 deg. This large scan 
field of view was necessary to allow 
acquisition of successive lights in 
the demonstration of the tracker. 
In true star tracking a much 
smaller scan field of view would be 
required to prevent locking on stars 
with a small angular separation 
from the target star. To generate 
a usable electronic signal it is 
necessary only to deflect the elec-
tron star image through three 
times the diameter of the basic 0.1-
inch active area. With the proper 
optics the scan field could be re-
duced to five deg or less. 
The instantaneous field of view 

refers to the solid angle projecting 
from the telescope determined by 
the focal length of the optics and 
the small active area of the photo-
cathode at any instant of the sweep 
excursions, this area being the pro-
jection of the mechanical aperture 
on the photocathode. This 0.1-inch 
diameter area and the 2-inch focal 
length objective of the experi-
mental model yields an instanta-
neous field of view of 2.86 deg. 
The image of a star when focused 

on the photocathode is small com-
pared to the 0.1-inch diameter 
active area. The phototube and 
electronics are capable of resolving 
the position of the image to one-
half percent of the active area that 
is equivalent to one-half percent 
of the instantaneous field of view. 
This is the means of determining 
the basic pointing accuracy the 
stellar tracker. For the experi-
mental model the theoretical point-
ing error would be less than a 
minute of arc. 
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A laboratory facility has been 
devised for determining the accu-
racy of the stellar tracker. The ar-
rangement for measuring angular 
resolution is shown in the photo-
graph. A simulated star is formed 
by directing a collimated light 
source on a mask in which a one-
mil aperture is mounted. The light 
source intensity is controlled to 
simulate stars of various magni-
tudes. The assembly is mounted on 
a precision mechanical stage. The 
simulated star may be moved 
perpendicularly to the line of sight 
to the tracking head with a linear 
resolution of 0.001 inch. At the 
separation shown, star angular mo-
tion on the order of six seconds of 
arc may be produced. The result-
ing azimuth rotation of the stellar 
tracker is measured by another 
optical system. A prism is mounted 
vertically on the azimuth gimbal 
of the tracking head and a reticle 
is projected on the prism by another 
light source. The reticle image is 
reflected to an accurate scale where 
the motion of the tracker is de-
tected. An angular resolution in 
azimuth of approximately one-half 
minute of arc has been measured. 
The most important considera-

tion in improving the stellar tracker 
design is the use of miniature 
transistor circuits. The functions 
of sweep generation, video ampli-
fication and switching could be ac-
complished by transistor circuits 
occupying a volume of 10 cubic 
inches and weighing about 12 
ounces. It is possible to design the 
tracker so that all of the electronics 
including high voltage supply (ex-
cluding servo amplifier) could be 
housed in a cylindrical package 
slightly smaller than the telescope 
of the experimental model. The 
unit could be fastened rigidly to a 
vehicle and the error signals ap-
plied to the attitude control system. 
The error signal could also be 
amplified and used to drive the 
telescope to null as in the experi-
mental model. The basic package 
would require only a total of five 
watts of d-c and 400-cps power. 
The use of magnetic deflection 

is well suited to low-impedance 
transistor drive circuits. The 
sweep waveforms do not involve 
abrupt current changes, alleviating 
the high reactive voltages attend-
ant to flyback circuits. 
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FIG. 3—Block diagrams of deflection circuits (A) that apply triangular 
waves to the deflection coils, and of switching circuits (B) that control 
correction signals to the servo motors 

Voltage divider current for the 
multiplier phototube section is only 
0.8 ma at 1,600 volts. Tube current 
is a fraction of this amount. The 
present high voltage supply is a 
full-wave voltage doubler using 
silicon diodes. This supply could 
easily be miniaturized to occupy no 
more space than that now occupied 
by the voltage divider in the pill-
box structure at the rear of the ex-
perimental telescope. 

The electronic circuits may be 
extended forward of the phototube 
to surround the volume between the 
objective lens and the photocathode 
and provide a small lens shade in 
front of the objective. 

Several refinements in the design 
of the phototube will contribute to 
increased accuracy as well as ease 
of packaging. The latest model of 
the phototube (FW-118) is smaller 
than previous designs and uses a 
deposited aluminum film in place of 
the first metal cylinder of the elec-
trostatic lens. In the old design 
the magnetic flux from the deflec-
tion yoke had to penetrate a com-
paratively thick metal cylinder. 
Eddy currents set up in the cylin-
der caused bending of the magnetic 
lines with the resulting degrada-
tion of the sweep pattern. 

In deflection the electron image 
of the target is swept across the 
mechanical aperture of the tube. 

It is desired to create an on-off 
switching action as the beam 
passes over the edge of the aper-
ture. The finite size of the electron 
image makes the generation of true 
square waves impossible. Certain 
improvements in the design of the 
image section of the tube will im-
prove the signal-generating char-
acteristics. 

For this particular application, 
the multiplier voltage divider net-
work may be contained within the 
envelope of the tube. Glass sealed 
resistors may be connected between 
the 16 dynodes of the multiplier, 
reducing the number of base pins 
from 19 to 3. This allows the use 
of a H-inch outside diameter for 
the main body of the tube. This 
modification has already been made 
with success on a 6836 tube. 
The use of electrostatic deflec-

tion of the phototube is being in-
vestigated, but the increased 
mechanical complexity involved in 
electrostatic deflection may offset 
the saving in weight and space by 
the absence of deflection coils. 
The potential difference across 

the electrostatic lens is about 200 
volts. The electrons passing through 
the field do not acquire much 
kinetic energy, thus they are easily 
deflected. This requires a small 
magnetic flux to deflect the beam 
sufficiently. 
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Designing for Reliability 

Using Thermal Analog Tubes 
Device simulating size and thermal characteristics of vacuum tube is used 

to evaluate tube performance under various environmental conditions 

Table I—Effect of Dry Ice Environment 
on Tube's Thermal Performace ' 

Plate Bulb 
Environmental Temp Temp 

(deg C) (deg C) Conditions' 

Bare tube at room ambient 
Bare tube packed in dry 

ice 
With heat dissipating tube 

shield packed in dry ice 
With shiny JAN shield 455 

packed in dry ice 

440 170 
432 below 

zero 
428 20 

176 

(a) Thermion power input-15 watts 

Table II—Effect of Immersion in Water on 
Tube's Thermal Performance 

Environmental 
Conditions« 

Plate Bulb 
Temp Temp 
(deg C) (deg C) 

Bare tube at room temper-
ature 

Bare tube submerged in 
room temperature water 

With heat dissipating tube 
shield submerged in 
wa ter 

Shiny JAN shield sub-
merged in water 

438 180 

423 30 

425 34 

426 45 

(a) Thermion power input-15 watts 

Table III—Effect of Shielding on Tube's 
Thermal Performance 

Conditions 

Tube B Tube C 

Plate Bulb Plate Bulb 
Temp Temp Temp Temp 
(deg C) (deg C) ((leg C) (deg C) 

Tubes B & C pow-
ered—bare tuber 

Tubes A. B & C 
powered—bare 
tube 

Tube shields on B 
& C—no shield 
on A 

JAN shields on B 
& C—no shield 
on A 

435 180 436 180 

437 203 440 185 

433 175 440 164 

465 280 455 265 

(a) Thermion power input-15 watts (h) All meas-
urements at room ambient (c) See figure for tube 
positions 

By M. F. SILVERSTEIN, 
Senior Engineer, Rescon Electronics Corp., 
Waltham, Mass. 

INCREASING DEMAND for electronic 
equipment that achieves high reli-
ability has been met by improved 
tools and techniques. Since many 
equipment failures can be attrib-
uted to the electron tube, consider-
able effort has been expended on 
improving tube performance. 
Heat is a major cause of electron 

tube failures. Operation beyond 
the maximum electrical or thermal 
ratings usually results in a reduc-
tion in electron-tube reliability. 
The Thermion, a thermal analog 

of a vacuum tube, is a valuable aid 
to the design engineer in the per-
formance of electron tube thermal 
evaluation. Externally, it is phys-
ically identical to a vacuum tube 
of the same size class. Internally, 
the thermal structure of the 
thermal-analog tube simulates that 
of a conventional tube. This result 
is attained by a heating element 
surrounded by an anode. 

In any electron tube the anode 
usually surrounds the cathode; 
thus, the cathode reaches thermal 
equilibrium by radiation to the 
bulb and environment. Therefore. 
the anode is an index of the thermal 
condition of a tube. 
Measurement of anode tempera-

ture must be accurate owing to the 
effective change in environment for 
small changes in radiation loss. This 
measurement is performed by a 
thermocouple attached to the anode. 
Bulb temperature measurement is 
obtained by fusing a thermocouple 
to the inside of the bulb where it 
poses no problem to tight-fitting 
tube shields. 
To show the use of the thermal 

analog in electron tube thermal 

studies, a series of experiments 
have been established. The setup 
is shown in the photo. 

Prediction of environmental 
effects on the thermal performance 
of electron tubes is complex. This 
is shown by subjecting a T7L5 
thermal analog tube to an immedi-
ate environment of dry ice, which 
maintains a temperature of ap-
proximately —40 C while varying 
the reflectivity of the environment 
with tube shields (see photo). Data 
is given in Table I. 
An analysis reveals that although 

the bulb was cooled to a subzero 
temperature, the plate was cooled 
slightly since conduction cooling of 
the plate was offset by an apparent 
decrease in plate emissivity caused 
by reflection of the radiant energy 
by the ice. 
The heat-dissipating tube shield, 

when surrounded by dry ice, does 
not cool the bulb as much as in the 
bare tube; however, an increase in 
plate cooling was noted since this 
shield has a blackened inner sur-
face that absorbs radiant energy. 
Also, the heat dissipating tube 
shield cools the bulb well below 
the critical temperature so that 
further cooling will not enhance the 
reliability of the tube. The point 
of diminishing returns for bulb 
cooling is at a much higher bulb 
temperature. 

Although cooled to a subzero 
temperature, the shiny JAN shield 
not only increases the bulb temper-
ature slightly over that of the bare 
tube, but also increases the plate 
temperature. Accordingly, thermal 
conditions arise indicating the need 
to determine which shield possesses 
the best absorption of radiant 
energy in a given environment. 

Since it is not subject to the 
mechanical and electrical limita-
tions on instrumented electron 
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Experimental setup (above) for d( 1, ,•fflining (hernial churacternitirs of thermal-analog tube surrounded by JAN type 
shield (left), immersed in water (e, flier), three operating tubes mounted in close proximity on chassis (right). Second 
photo shows tube packed in dry ice to maintain temperature of —40 C 

,e 

tubes, the thermal analog may be 
used to evaluate virtually any type 
of cooling media. The data in 
Table II is representative of a 
T7L5 tube immersed in water. No 
precautions were taken to pot or 
moisture-proof the electrical con-
nections to the tube. 

Analysis reveals that the reflec-
tivity of the material surrounding 
the tube does not affect the plate 
and bulb temperatures to the degree 
that is experienced with extreme 
cooling of the material itself. This 
characteristic is shown by the 
minor deviations in plate tempera-
ture between the bare tube and 
tube shield conditions; even the 
shiny JAN shield does not increase 
the bulb temperature significantly 
with this cooling medium. Since 
water absorbs most of the radiant 
energy transmitted by the glass, 
little energy is reflected even with 
a highly reflective material; thus, 
the JAN shield has little effect on 
tube temperature. 

Heat dissipating tube shields are 
especially effective in reducing the 
bulb hot spot temperature. Efficient 
use of tube shields, however, can 
only be realized if environmental 
conditions are considered. For 
instance, at elevated environmental 
temperatures certain shields ex-
hibit a lesser degree of cooling than 
in the bare tube case, whereas the 
opposite is true at room tempera-
ture. 

The thermal analog provides a 
convenient means for evaluating 
tube shields in an operational en-
vironment. Three T7L5 tubes were 
mounted on a chassis as indicated 
in the figure. The results are given 
in Table III. 
With tubes A, B and C powered 

for the bare tube condition, a hot 
spot is generated on tube B owing 
to the proximity of tube A. This 
reaction is determined by compari-
son of the measurements on tubes 

Table IV—Effect of Silicone Rubber Com-
pound on Tube's Thermal Performance 

Anode Bulb 
Environmental Temp Temp 
Conditions« (deg C) (deg C) 

Bare tube at room ambient 
Molded tube at room am-

bient 
Molded tube submerged 

in room temperature 
water 

Molded tube forced air 
cooling 

430 
452 

438 

145 

180 
221 

78 

126 

(a) Thermion power input—I5 watts 

Physical arrangement of thermal-
analog tube and thermocouples for 
evaluating tube shield in opera-
tional environment 

B and C powered for the bare tube. 
The beneficial effect of a heat dis-
sipating tube shield is indicated by 
comparing the bare tube with tubes 
A, B, and C. 

Notice the reduction in hot spot 
temperature of tube B. The dele-
terious effects of the shiny JAN 
shield are evident. Using this 
technique, tube location and spac-
ing can be investigated for hot 
spots and shielding under various 
environmental conditions. 

Development of silicone rubber 
compounds for insulating electron 
tubes has proved an efficient means 
of reducing shock and vibration 
effects. Since the heat conductivity 
of silicone rubber is reduced this 
material must be used judiciously 
for electron-tube applications. The 
thermal analog can help deter-
mine electron-tube thermal effi-
ciency where a potting compound is 
used. 
A typical evaluation of a silicone 

rubber compound was performed by 
molding a T7L5 with one of the 
compounds. Results are given in 
Table IV. 

Room-temperature molded-tube 
measurements show that natural 
convection is an unsatisfactory 
cooling medium. They suggest that 
cooling may be obtained by forced 
convection. If the application is 
such that the use of extensive cool-
ing equipment is not possible, the 
tube must be derated. 
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Feedback Circuits for A-C 
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FIG. 1—Simple a-c to d-c thermocouple transfer circuit for voltage meas-
urements (A) is made insensitive to changes in thermocouple heater re-
sistance in (B). Compensated current transfer circuit is shown in (C) 
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FIG. 2—Feedback circuit can be used for a-e to d-c voltage standardization 
(A) and a-c to d-c current standardization (B) 
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By EVERETT A. GILBERT, 
Vice President, 

Radio Frequency Laboratories, Inc., 
Boonton. N. J. 

AS ELECTRICAL INSTRUMENTS be-
come more sophisticated and accu-
rate, greater accuracies are re-
quired in the standardizing equip-
ment to test and calibrate these in-
struments. Expanded scale volt-
meters, a-c digital voltmeters and 
high-grade a-c instruments may re-
quire standardizing accuracies of 
±0.05 percent over frequency 
ranges of 50 to 2,000 cycles. 
One method of standardizing a-c 

currents to accuracies of 0.01 to 
0.02 percent is with a thermocouple 
transfer arrangement in which a-c 
currents are measured with a vac-
uum thermocouple in terms of the 
d-c current necessary to create the 
same thermocouple output as the 
a-c current. This means the thermo-
couple is switched from the a-c cir-
cuit into a d-c circuit in which the 
current can be measured accurately 
using d-c potentiometers and stand-
ard cells. 

Figure lA shows a simple ther-
mocouple transfer circuit for volt-
age measurements. Figure 1B 
shows the thermocouple transfer 
circuit used by the National Bureau 
of Standards'. The latter circuit 
has an advantage over the first in 
that variations in thermocouple re-
sistance are compensated for by the 
resistor R,„'. This compensation ef-
fect occurs as follows. With the 
transfer switch to the a-c side, V. 

(R„, R.) . With the ther-
mocouple switch to the d-c side, 
/h= L 11?„,7 (R. ± Run] = (V/R,,) 
[R,„' / (R. ± R„,')]. By adjusting /, 
= L. using the thermocouple, and 
since R„, = R„,', = V,, R„,/R„. 
Thus, the resistance of the thermo-
couple heater is eliminated from 
the equation. 

Figure 1C shows a compensated 
current transfer circuit. With the 
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Instrument Calibration 

High-gain d-c amplifier is used in a feedback circuit to standardize a-c currents and volt-

ages directly to a standard cell. Circuit establishes a thermocouple calibrating current that 

is directly proportional to standard cell voltage to an accuracy of O.O1 percent 

thermocouple connected across the 
shunt, R„ the current through the 
heater is I, = R,I(R„ R,). 
With the switch to the d-c side, V„ 
= I, (1?„ R,'). As I, = Id, R,' = 
R. and at frequencies low enough 
so that the a-c and d-c resistance 
of the heater are equal, I„_, = 
V,,/R,, again independent of heater 
resistance. Referring back to Fig. 
1B to show the general operation, 
the transfer switch is first posi-
tioned to the a-c side and the re-
sistance R adjusted so as to balance 
the galvanometer. The transfer 
switch is moved to the d-c side and 
resistance R, adjusted to bring the 
galvanometer to balance again. The 
voltage V, across R„ is measured 
with the potentiometer and the a-c 
voltages obtained by the equation 
V„_, = (V,/R,) R„,; R. and R„ are 
selected to make the circuit direct 
reading in a-c voltage. 

For standardizing a-c currents 
and voltages directly to a standard 
cell and at the same time eliminat-
ing the requirement for adjusting 
R„ the circuits of Fig. 1B and 1C 
can be modified to the circuits 
shown in Fig. 2. These circuits in-
clude the standard cell and a high-
gain d-c servo amplifier that auto-
matically establishes thermocouple 
calibrating current directly propor-
tional to standard cell voltage to 
an accuracy of -±0.01 percent. As-
suming a gain stability of ±-30 per-
cent it is necessary to have a min-
imum open loop gain of 70 db. 
The feedback stabilization of 

high-gain servo systems is accom-
plished through shaping of the 
open-loop frequency response'. Fig-
ure 3 shows a steady-state open-loop 
frequency response curve that will 
meet the usual requirements for 
instrument calibration. As 60 (w = 

Calibration console for a-c meters uses thermocouple transfer standards. 
Voltmeters, ammeters and wattmeters can be calibrated to within 0.1 per-
cent of reading 

120 

i00 

80 
o 
at 
o 

Zi` 

60 

40 

20 

o 

—20 

(A) 

STEADY-STATE RESPONSE OF 
SYSTEM WITH TRANSFER FUNCTION - 
60 DB/DECADE KG1SP 3160 (S+10) 2  

1S+113 1S+1001 

W, S Y MP TOM 
APPROXIMATIONS 

- 20 DB/DECA0E, 

WC 

40 08/0ECAOf 

10 C)0 
w IN RADIANS /SE 

FIG. 3—Open-loop frequency response of 
requirements for instrument calibration 

1,000 

377) and 120 cps are present due 
to the chopper and power supplies, 
these frequencies are attenuated 
more than 20 and 30 db below unity 
gain. 
An entire frequency decade at 20 

db per decade slope is allowed in 

feedback amplifier meets 

the region of unity gain to ensure 
stability and good transient re-
sponse. A slope of 60 db per decade 
is used over the initial attenuation 
ranges to keep the first break high 
in frequency and the closed-loop re-
sponse time down. The transient 
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FIG. 4—Schematic of d-c feedback amplifier shows critical frequencies with their associated 
Hybrid amplifier circuit supplies 7.5 milliamperes to the thermocouple 

condition of the closed loop due to 
switching will die out in a few 
tenths of a second and allow accu-
rate readings to be made after the 
thermocouple has stabilized. 

Figure 4 shows the feedback am-
plifier with the critical frequencies 
marked near the controlling com-
ponents. The (.,4 at the input is de-
termined by the values of R, and C1. 
The three tandem networks of 1 
megohm total resistance and 1-mi-
crofarad capacitance are critical at 
cui; the two subnetworks consisting 
of the 100,000-ohm resistors and 
the 1-microfarad capacitors are 
critical at (02. 
The circuit of Fig. 4 is a hybrid 

circuit using both tubes and tran-
sistors. A high-impedance grid in-
put is required to realize the large 
time constants associated with co,. 

I— 
VARIABLE FREQUENCY POWER SUPPIJ 

THERMAL 

REGULATOR 
F1LT 

115/230 V 
50/60 CPS  
POWER LINE 

POWER 

AMPL 

A low impedance is required at the 
output to supply 7.5 milliamperes 
to the thermocouple. This require-
ment is satisfied by npn transistors. 
The chopper amplifier was con-
structed with tubes to attain good 
temperature stability. Low plate 
voltage tube types were used in the 
amplifier so that the power supply 
would be compatible with both the 
vacuum-tube circuits and the tran-
sistor circuits. The tube filaments 
were supplied from the common 
regulated d-c supply to reduce hum 
pickup and improve the gain sta-
bility. 
A method of using the circuits of 

Fig. 2 to calibrate electrical instru-
ments is shown in Fig. 5. Variable-
frequency power supplies with short 
time stabilities of 0.01 percent are 
standardized against the standard 

STANDARD 

CELL 

THERMAL 

REGULATOR 
FILT 

POWER 

AMPL 

VOL TAGE 
RATIO 

TRANSFORMERS 

SERVO 

MONITOR 

CURRENT 
RATIO 

TRANSFORMERS 

METER 
UNDER 
TEST 

VARIABLE FREQUENCY POWER SUPPLY 
 _1 

FIG. 5—Instrument calibration system uses servo a-c to d-c thermocouple 
transfer standards. Variable-frequency power supplies are locked together 
at unity phase angle when calibrating wattmeters 

v— + 36V 
500 

SV8I8 

Id 
OUTPUT 

SV 808 

controlling components. 

cell by the thermocouple transfer 
circuits. One of the power supplies 
is designed for constant voltage 
output and the other for constant 
current output. 

Voltage ratio transformers with 
a wide frequency response and low 
leakage reactance set the output to 
the desired calibration voltage. Cur-
rent ratio transformers provide the 
desired current output. 
The photograph shows a com-

plete console for calibrating a-c me-
ters to 0.1 percent accuracy over 
the frequency range of 50 to 2,400 
cps. An accuracy of 0.05 percent is 
attainable at 60 and 400 cps. The 
full-scale ranges of the a-c volt-
meters may be between 1.5 milli-
volts and 1,500 volts. Ammeters 
with ranges between 15 microam-
peres and 75 amperes (a-c) may be 
calibrated. 

For wattmeters, the two variable-
frequency power supplies are locked 
together at unity phase angle. Each 
power amplifier is essentially a 
power oscillator with a fraction of 
the output fed back to the input 
through an L-C frequency control-
ling network and a thermal regu-
lating bridge. When energy from 
the output of one of the variable-
frequency power supplies is applied 
to the input of the other power sup-
ply, the frequency of the second 
locks to the first. 

REFERENCES 
(1) F. L. Hermach and E. S. Williams, 
A Wide Range Volt Ampere Converter for 
Current and Voltage Measurements, Com-
munications and Electronics (AIEE), Sept. 
1959. 
(2) R. W. Landee, D. C. Davis and A. P. 
Abrecht, "Electronic Designers Hand-
book", McGraw-Hill Book ComPanY. 
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Fully transistorized sync signal generator includes sync lock circuit 

Automatic Frequency Control 
With Reactance Transistors 

Automatic frequency control is obtained in a transistorized tv remote sync lock circuit by 

controlling bias on reactance transistor. Capacitive and inductive circuits are shown 

By YASUSHI FUJIMURA and NOBUO MII, 
NHK Technical Research Laboratories, Japan Broadcasting Corp., Tokyo, Japan 

TRANSISTORIZED REMOTE sync signal 
lock equipment is useful in field 
pickups and station relays. The 
fundamental circuit of the sync lock 
circuit that will be described here is 
an automatic frequency control cir-
cuit using a reactance transistor 
configuration. 
A frequency modulated signal can 

be generated directly by controlling 
the d-c bias of a reactance tran-
sistor with a modulating voltage 

from an oscillator.' In the circuit 
diagram shown in Fig. 1, the tank 
circuit of the plate tuning oscillator 
transistor Q. is shunted by react-
ance transistor Q. 

Here, the reactance transistor 
acts as a capacitance element and 
its equivalent capacitance C,.„ is 
found from 

Ceq = h2le CIRI/hIle (1) 

where 11,1„, is the input impedance 

(common emitter) with output 
short circuited and h, is the for-
ward current transfer ratio (c e) 
with output short circuited. This re-
lationship holds where operating 
frequency is lower than ,3 cutoff 
frequency. 

Therefore, the modulating volt-
age varies the expression it.,/h.i„ 
which has the same dimension as 
11g„, in electron tubes. As indicated 
in Eq. 1 this action varies the capac-
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FIG. 1—Capacitive transistor in frequency modulation circuit (A). Dynamic sensitivity can be obtained 
from frequency deviation curve (B) 

itance and hence the frequency. 
The frequency modulation ratio 

elf is 

where 

C1R, b21. 

2C /in; 

C = Co ± C.. 

(2) 

Since C, should be large com-
pared with 1/h„, (ordinarily 20,000 
to 50,000 ohms), its value is 100 pf 
(Z1 -=_ 300,000 ohms at 31.5 Kc). 
Resistor R, should be smaller than 
h,,„ and a value of 4,700 
ohms is used to meet this need. 

For these circuit valves given, 

the frequency deviation curve 
shown in Fig. 1B is obtained for a 
center frequency of 31.5 Kc and a 
center biased emitter current of 0.6 
milliamperes. 
The dynamic sensitivity S = At I 

AV,, is 2.5 Kc/1 volt (f = 31.5 Kc) 
with the bias set at 1 ma of emitter 
current. 

Practical sync-lock equipment us-
ing a reactance transistor is shown 
in Fig. 2. The sync lock circuit is 
part of a fully transistorized sync 
signal generator. It is designed for 
higher stable sync lock against the 
noise interference on relay lines. 
These fully transistorized circuits 

consume only 0.7 watt of power 
and have high reliability. 
The remote sync separation cir-

cuit consists of Q., Q,, Q1, and Qis. 
The horizontal sync pulse is formed 
at the collector of transistor Q„. 
This horizontal sync triggers the 
monostable multivibrator (transis-
tors Q, and Q.). 

This monostable multivibrator 
acts as a gate. It is designed to 
close the circuit during the inter-
vals of horizontal pulses and against 
noise interference on the loop. 
Thus, the pure horizontal pulse 
(15.75 Kc) drives the discrimi-
nator, which consists of the bridge 
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FIG. 2—Sync signal lock circuit shows how reactance transistor is used to provide automa tic frequency control in this transis-
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connection using four diodes (Di to 
D.). 
The local horizontal driving pulse 

switches Q. through the driver am-
plifiers Q, and Q., generating a saw-
tooth wave on the collector of Qs. 
This sawtooth waveform is also fed 
to the discriminator. 
The variable resistor Ri adjusts 

the static phase difference, due to 
delay in the circuit, of both hori-
zontal pulses while the afc is locked. 
Thus, the discriminator detects the 
phase difference between the remote 
horizontal sync and the local one, 
producing a d-c component propor-
tional to phase difference. 

This d-c component controls re-
actance transistor Q. through a 
low-pass filter and then, by con-
trolling the frequency of oscillator 
Q., the phase of local horizontal 
sync coincides with the remote hori-
zontal sync. 
To make the phase of the vertical 

pulses coincide, gate circuit Q. and 
Q. compares the remote and local 
vertical sync pulses that have been 
separated from each composite sync 
pulse. This yields a vertical correc-
tion pulse that acts to miscount the 
+ 525 counter of the sync-signal 
generator. 
The reactance transistor also 

REACTANCE 

CONTROL 
VOLTAGE 
_L vb 

OSCILLATOR 

FIG. 3—Frequency modulation circuit using inductive transistor 

works to maintain a fixed phase re-
lationship with the 60-cps primary 
power source when the switch is 
positioned at line lock. 

This sync lock circuit is compact 
and ordinarily is contained in the 
sync signal generator. The locking 
stability against the variation of 
the ambient temperature is good. 
Virtually no change in output oc-
curs from —10 C to +45 C and no 
adjustment is required over this 
range. 
The automatic frequency control 

system maintains synchronism over 
a frequency range of -± 1.5 Kc (at 
the center frequency is 31.5 Kc). Its 
pull-in frequency range is -±- 0.7 Kc. 

Mislocking caused by noise inter-
ference is reduced from that ob-

tained with tube circuits. 
The capacitance transistor has 

been discussed here. However, the 
same concept can be applied to the 
inductance transistor as shown in 
Fig. 3. 
A detail derivation of the equa-

tions for equivalent capacitance, 
equivalent induct and frequency de-
viation is presented in the reference 
cited. 

The authors wish to acknowledge 
the contribution of the members of 
studio facilities section in NHK and 
Hitachi Ltd. to the work described 
here. 

REFERENCE 

(1) Y. Fujimura and N. Mt Reactance 
Transistor, Proc IRE, p 118, Jan. 1960. 
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Corona in Coaxial Cables 

Preparation of cable specimens for corona testing, test 

circuits and calibration of equipment are 

discussed here as a guide to cable manufacturers 

By JOHN P. AGRIOS, U. S. Army Signal Research & Development Laboratory, Fort Monmouth, N. J. 
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STEP I 
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2 

STEP 3 
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FIG. 1—These four steps represent an economical method of preparing 
cable specimens for corona testing 

COAXIAL CABLE used with high volt-
ages should be protected against 
harmful discharges that may occur 
within the cable or its connectors 
during operation. If voids within 
the cable dielectric become ionized, 
premature breakdown of the insula-
tion can occur. 
The ideal method for corona test-

ing would be to test reels of coaxial 
cable. But because of the total ca-
pacitance of the reel, sensitive and 
expensive equipment is required. 
Even if such equipment is used, 
no method is available for locating 
the points of discharges in a cable. 
Several manufacturers of high-
voltage cable check the dielectric 
core of the cable which ensures 
that no voids are present between 
the inner conductor and the dielec-
tric or within the dielectric. 
At the last Government-Industry 

meeting of MIL-C-17, the U. S. 
Army Signal Research and De-
velopment Laboratory recom-
mended the use of 5 picocoulombs 
as the level of sensitivity to be 
used for testing for corona in r-f 
cables and USASRDL recom-
mended that methods described 
here be adopted. Such action 
would permit comparison of corona 
results from several manufac-
turers and ensure that the same 
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FIG. 2—Two test and calibration circuits which can be used for corona 
testing of cables 

requirements are being met. 
The preparation of the cable 

specimens for corona testing is 
of paramount importance. If the 
discharges occur at the termina-
tions of the cable sample, the corona 
extinction voltage of such a speci-
men does not reflect the inherent 
cable performance and rejections of 
cable may result. Consequently for 
the proper testing of the cable and 
for his own protection, the manu-
facturer should make sure that the 
terminations of the samples are 
corona free. 
An economical and time saving 

method of preparing the cable 
specimens for corona testing is il-
lustrated in Fig. 1. After the speci-
men is prepared, the ends are 
dipped into an insulating oil to 
immerse the exposed braid about 
1 inch below the oil surface. Air 
bubbles should be excluded from 
the end of the braid under oil. Con-
nection to the inner conductor 
should be made so as to allow ade-
quate separation from the braid. 
The tape should not be applied 

over the dielectric of the cable. 
Where the manufacturer of the ca-
ble has made the ground connection 
in the middle of the sample by re-
moving a section of the jacket and 
then wrapping it with several turns 
of wire, this braid tends to become 
loose when the jacket is removed. 
Care should be taken to wrap such 
wire tightly. 
Use of a resonant circuit for con-

ducting corona tests on coaxial ca-
bles offers excellent sensitivity and 

a means for determining the size 
of the discharge. The simplest form 
of such a circuit would be inductor 
coupling with a resonant frequency 
in the neighborhood of 100 Kc and 
1 Mc. 
A test and calibration schematic 

is shown in Fig. 2A where Co is the 
capacitance of the cable specimen, 
C. is the capacitance of the coupling 
capacitor which must be corona free 
at the test voltage, and C. > > C.. 
The coupling device connects to 

the input of an amplifier, which has 
a gain consistent with the capaci-
tance of the test specimens. If the 
capacitance is in the order of 100 pf, 
then the signal produced by a 
corona discharge of 5 picocoulombs 
will be between 15 and 50 millivolts, 
and the amplifier of an oscilloscope 
with 15 mv per in. sensitivity at the 
resonant frequency will be ade-
quate. If the specimen is a length 
of cable with a capacitance of 30,-
000 pf, for example, the signal pro-
duced by a 5 picocoulomb discharge 
will be between 15 and 156 micro-
volts and a preamplifier with a gain 
of about 300 at the resonant fre-
quency will be needed between the 
coupling device and the oscilloscope. 
One example is offered. In Fig. 

2A capacitor C. may have a value 
of larger than 1,000 pf and must be 
corona free at the test voltage. 
Using inductor coupling, L is an r-f 
choke with a value of 10 mh, and 
C, which includes the distributed 
capacitance, is 200 pf to yield a 
resonant frequency of about 100 Kc. 
One variation of this circuit is 

where the cable specimen is placed 
across the secondary of the trans-
former and a blocking capacitor in 
series with the tuned circuit. The 
value of the latter may be about 100 
pf. All stray capacitances should 
be kept to a minimum as they affect 
the sensitivity. 
The calibration is performed as 

follows. Cable capacitance Co is ac-
curately measured. The cable speci-
men is then charged to a voltage 
V„ sufficient to provide a minimum 
charge of 5 picocoulombs. The speci-
men is then discharged into the 
resonant circuit with the deflection 
observed on the scope. This deflec-
tion should be at least 1 inch for 
the necessary accuracy. The repeti-
tion rate of the pulse generator 
should be approximately 100 pulses 
a second. Duration of the pulse 
should be 10 microseconds or longer, 
with a rise time of 0.1 microsecond 
or less. The output impedance of 
the generator should be 100 ohms 
or less. The loss of charge is then 
calculated by: 
picocoulombs per inch deflection = 

C„ (AV..) 

inches of deflection 
where C„ is in picofarads and AV,, 
is in volts. 
An alternate method for the cali-

bration is by using the circuit of 
Fig. 2B. The 0.1-microfarad capaci-
tor must be of noninductive inter-
nal construction and must be 
mounted on the switch with a mini-
mum of lead length to minimize ex-
ternal inductance. 
With the switch in the closed po-

sition, the cable specimen is charged 
to a voltage V. When the switch is 
opened, the specimen discharges 
into the resonant circuit and deflec-
tion is observed on the oscilloscope. 
The loss of charge is the same as 
described in the previous method. 
The author thanks W. T. Starr of 

the general engineering laboratory, 
General Electric Co., Schenectady, 
New York for his help in prepara-
tion of this report. 

REFERENCES 
(1) A. E. W. Austen and W. Hackett, 

Journal IEE, Part I, p 298, 1944. 
(2) Measurement of Discharge Incep-

tion Voltage, Applied to R-F Cables In-
sulated with Polythene, British Electrical 
and Allied Industries Research Associa-
tion, Technical Report Trans. T 191b. 

(3) Dielectric Materials Ionization 
Study, Interim Engineering Report Nr 6, 
Contract Nobsr-57408. 
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AUTOMATIC 
AC-DC CIRCUIT TESTING 

For the first time, completely automatic AC 
and DC testing of wiring harness and elec-
trical cabling can be accomplished with one 
piece of equipment . . . the new DIT-MCO 
Model 20 AC-DC Circuit Analyzer. 

Designed to meet the requirements of MIL-C-
3885A for AC testing, the Series AC-DC Cir-
cuit Analyzer has a testing capacity of 200 
circuits. It is easily expanded to 400 and 800 
circuit capacities. 

Tests are completely non-destructive. Potential 
breakdowns and arc-overs are detected before 
they occur. Dead shorts are detected instantly 
with no damage to the cable. 

Circuit errors are pin-pointed on the exclusive 
DIT-MCO Matrix Chart. This Chart gives type 
and location of each error. Facilities for dig-
ital print-out equipment are also provided. 

Guaranteed quality performance and relia-
bility of the Model 20 results from DIT-MCO's 
years of experience as the leader in the field of 
automatic test equipment. 

feegibfrege. 

1 

DIT  mco 

DIT-MCO, INC. 911 Broadway 

Kansas City 5, Missouri • HArrison 1-0011 

Los Angeles Area 

ORegon 8-6106 

New York Area 

MUrray Hill 2-5844 
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RESEARCH AND DEVELOPMENT 

Synchronizer Forms Composite Tv Pictures 
TELEVISION images from one source 
can be superimposed on those from 
a second source with a newly de-
veloped Japanese synchronizing 
system. Called an intersynchro-
nizer, the unit can also wipe out 
part of the picture from one source 
and replace it with that from an-
other to form a composite display. 
Virtually jitter-free performance 
is claimed for the arrangement as 
a result of the short time required 
for the two sources to be synchro-
nized. 
The intersynchronizer, developed 

by Shiba Electric, Tokyo, can be 
used with two video tape recorders 
or with one recorder and the studio 
television camera. Results obtained 
with the system are shown in the 
photographs. 
The complete system comprises a 

servo control system for recording 
and another for reproduction. A 
total of 30 to 40 electron tubes are 
used in the unit, which is mounted 
on a chassis 500 mm wide and 600 
mm long. 
Major parts of the recording por-

tion of the system are shown at 
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V ertica synchronizing signals con-
trol recording head velocity at top, 
while p ayback at bottom uses both 
pairs of synchronizing signals 

the top of the figure. The vertical 
synchronizing component of the 
composite video input signal is 
separated and the resulting pulses 
are integrated. The vertical syn-
chronizing signal is quadrupled in 
frequency, forming a 240-cps out-
put. This output signal is applied 
through a phase shifter and dis-
criminator to the amplifier that 
provides driving power for the 
recording head. 
The 60-cps vertical synchro-

nizing signal is also applied to a 
discriminator for phase compari-
son with the 240-cps control signal 
from the four-unit roating video 
head. If a phase error exists, an 
error signal is provided to the phase 
shifter so that phase coincidence 
can be restored. 
The 240-cps signal from the 

rotating video head is also used to 
further stabilize rotational velocity 
of the drive motor for the video 
head. A velocity-error detector 
provides a corrective signal to the 
discriminator that feeds the drive 
motor amplifier to compensate vari-
ations in rotational velocity. Thus 

One live and one recorded or two 
recorded video signals can be used 
to produce composite or super-
imposed images 

the vertical synchronizing compo-
nent of the video signal is used to 
maintain constant rotational veloc-
ity of the video recording head. 

Reproduction is accomplished 
with the arrangement at the bottom 
of the figure. If a live broadcast is 
to be used with a recording, the 
standard 60-cps vertical and 15,-
750-cps horizontal synchronizing 
signals are separated from the live 
and recorded composite signals. 
Each pair of synchronizing 
signals are separated from the live 
phase discriminator. 
To achieve phase coincidence of 

the two vertical synchronizing 
signals, an error-detecting relay is 
energized by output from the ver-
tical phase discriminator. The re-
lay contacts connect output from 
the vertical phase discriminator to 
the phase shifter, while preventing 
horizontal phase discriminator out-
put from reaching the phase shifter. 
When the two vertical synchro-

nizing signals are in phase, the 
error-detecting relay returns to its 
original state. Thus output from the 
horizontal phase discriminator is 
connected to the phase shifter. 
As well as maintaining correct 

phase relationships, this arrange-
ment compensates minor varia-
tions in drive motor rotational 
velocity. In addition, the 60-cps ver-
tical synchronizing signal is quad-
rupled. Although not shown, the 
240-cps signal from the video head 
is compared in phase with this 
signal as in the recording arrange-
ment. Velocity errors are corrected 
as before by altering phase of the 
signal that is supplied to the drive 
motor. 
Performance of the system is 

such that phase coincidence within 
0.1 gsec is said to be achieved 
within 1 second. Thus jitter is prac-
tically eliminated. 
When reproduction from the 

video tape recorder is first in-
itiated, only 2 seconds are required 
to achieve synchronization with the 
station signal. This fast response is 
possible because the circuit syn-
chronizes the station signal that 
initiates a vertical frame with the 
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à rematà, 

(POWER SUPPLY-WISE) 
KEPCO'S "SM GROUP" 
sets a new transistor-
ized design standard 

Porkirrânco> 

i2Di 

Siz6- is6) 

DC 
MODEL OUTPUT 

II S./ L  . s.e r, IWO. •.• • 
.._ 

SM 14-30 0-14 
\ 

0-30 
SM 3 6-1 5 0-36 0-15 

SM 75-8 0-75 0-8 
— SM 160-4 0-160 0-4 
SM 325-2 0-325 0-2 . 

SM 14-15 0-14 0-15 
SM 36-10 0-36 0-10 
SM 75-5 0-75 0-5 
SM 160-2 0-160 0-2 
SM 325-1 0-325 0-1 . 

, 
SM 14-7 0-14 0-7 
SM 36-5 0-36 0-5 

. SM 75-2 0-75 0-2 
SM 160-1 0-160 0-1 

' SM 325-0.5 0-325 0-0.5 • 

These 15 new transistorized voltage regulated power supplies recon-
cile ruggedness and wide power capability (without mag-amps) with 
excellent ripple reduction, regulation, and negligible transient 
response characteristics. 

Unique "fail-proof" design inherently protects series "pass" tran-
sistors from damaging overloads (dissipation requirements of pass 
elements actually reduced under high load demand or short circuit). 

New sophisticated circuit simplicity permits greater reduction in 
size (without "shoehorn" techniques). Five wide voltage ranges, 
in three panel height groups scaled to popular power requirements. 
All models standard rack width 19", depth 13". 

DC 
OUTPUT PAN EL 

HEIGHT, 

83/4 " 

51/4" 

31/2 " 

> 

.1 

REGULATION: 

RIPPLE: 
1 Mv. rms. j 

INPUT REQUIREMENTS FOR ALL MODELS: 105-125 VAC. 60±.1/2 cps. 

METERS OPTIONAL: Model Nos. listed In table are for unmetered units. 
To specify metered units, add "M" to Model No. (e.g. SM 14-30M) 

*0.01% REGULATION MODELS AVAILABLE ON SPECIAL ORDER. 

Model SM75-8M 

Model SM325 

31/2" 

Model SM36-5M 

FOR DETAILED SPECIFICATIONS ON MORE 
THAN 150 STANDARD MODEL POWER SUPPLIES 

SEND FOR KEPCO CATALOG B-601 

------------- 1 31-3 8 SANFORD AVENUE • FLUSHING 52, N. Y. • IN 1-7 0 0 0 • TWX# NY 4-5196 

VISIT US AT BOOTHS 333-334 • N.E.C. SHOW • OCT. 10-12 • CHICAGO —  BOOTHS 121-122 • NFREM Ii.)A/ • Nov 15 1 7 • BOSTON 
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Electronic 
Checkout 
Speed and reliability are critical in checking out the 
complex electronic equipments of the Air Arms. The 
means are provided by specialized computer 
techniques, but high speed printers are invaluable in 
converting this data rapidly . . . and dependably . . . 
into characters or symbols interpretable by 
human intelligence. 

Anelexe High Speed Printers are especially suited to 
this application because of their ten year record of 
reliable performance at Military. Scientific, Commercial 
and Industrial installations. 

In addition, the Anelex Systems Division puts at your 
disposal an engineering team qualified by experience 
to solve many problems involving digital techniques 
and to design systems which make the solutions 
practical. These systems may be built by the customer 
or by the Anelex Manufacturing Division under the 
direct supervision of the engineering group for 
MIL Spec or other environments. 

ilettee "0"1" 
I 

X" VC I 

for further information, write or telephone 

AN ELEX CORPORATION 
150-F CAUSEWAY ST., BOSTON 14, MASS. 

correct recorded vertical synchro-
nizing signal. Thus the correct re-
cording track is selected before the 
recorder begins reproducing. 

Shiba Electric expects to begin 
production of the intersynchronizer 
during the fall. Each unit will sell 
for about $20,000 and the firm 
plans to make about five units a 
month. 

Solid-State Unit Tests 

Airborne Transponders 

OPERATING simplicity is a key fea-
ture in a recently designed airborne 
test set. The unit was developed to 
check the performance of IFF 
transponders or ATC radar beacons. 
Operation of the transponders can 
be monitored while in flight, or a 
test of their operating condition can 
be incorporated into preflight check-
out routines. 
The transponder tester was devel-

oped by the Stromberg-Carlson divi-
sion of General Dynamics, and des-
ignation of the test set is Model 
SC-770. By using semiconductor de-
vices, it was possible to limit weight 
of the compact test set to less than 
three pounds. In addition to the 
savings realized in space and 
weight, the use of solid-state com-
ponents has resulted in holding 
power requirements down to an ex-
tremely low level. 
The test set is comprised of two 

subassemblies. The basic interro-
gator circuits have been separately 
packaged for installation in the air-
craft at a convenient location. The 
other part of the test set is the con-
trol box, which was designed to be 
mounted on the instrument panel of 
the aircraft. 
A basic design aim in develop-

ment of the transponder tester was 
simplicity of operation. This effort 
has resulted in an easily operated 
test set that provides the operator 
with a go-no go indication of trans-
ponder operating condition in flight 
or before take-off. 

All that is required for operation 
of the new tester is that a pushbut-
ton switch mounted on the control 
box be depressed. By closing this 
switch, the interrogation circuits 
are energized. The function of these 
circuits is to interrogate the trans-
ponder to which they are connected. 
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Visible indication of the condition 
of the transponder under test is pro-
vided by indicator lamps mounted 
on the control box. When the push-
button is depressed to interrogate a 
transponder, flashing of the indi-
cator lamps on the control panel will 
indicate that the operating condi-
tion of the transponder at least 
meets minimum performance re-
quirements satisfactorily. 

Short, High-Intensity 
Light Pulses Produced 

DISCHARGING a coaxial capacitor in 
an air gap has made possible the 
production of light pulses as short 
as 0.3 p.sec duration. The high-
intensity bursts of light permit 
stopping high-speed events for 
photographic study. It can illumi-
nate models, gases or chemicals 
reacting at high speeds. 
The new light source was devel-

oped by Avco Research and Ad-
vanced Development division in 
Wilmington, Mass. It was origi-
nally designed to study very high 
velocity flights of advanced model 
nose cones for the Air Force Titan 
and Minuteman missiles. 
The high-intensity spark light 

can be incorporated into instru-
mented shadowgraph and schlieren 
systems. In the basic shadowgraph 
system, it can be used alone like the 
open-shutter, flash-bulb technique. 
The spark pulse can be synchro-
nized with a Kerr cell shutter, and 
a voltage pulse is provided to initi-
ate other measuring instruments. 
Spark light duration ranges from 

0.3 to 1 I.Lsec in the four models of 
the light source. Diameter of the 
point source of light depends on en-
ergy level and can vary from 0.015 
to 0.06 inch. Energy level can vary 
over a range of 2 to 20 joules. 
The 5-inch diameter cylindrical 

package in which the unit is housed 
is 12i inches long with a coaxial 
discharge path. The outer case of 
the cylinder functions as an r-f 
shield. 
When the unit is originally pack-

aged, its position must be estab-
lished. However, after original po-
sitioning, the component package 
can be removed, adjusted and re-
turned into the case without dis-
turbing its optical alignment. 
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SMALLER, LIGHTER, TOUGHER, MORE RELIABLE 
Whether your servo application is in the challenging under-water environments of 
the history-making Skate or in the severe blast-off environment of the Polaris, you 
now can design your equipment or system smaller and better with an IMC servo • 
New advances in sub-miniaturization and motor performance ensure top operating 
characteristics for your systems applications. Size 5 through 18, high torque-to-
inertia ratio, encapsulated for extra ruggedness, broad range of gear ratios, meet 
latest MIL environmental specifications • IMC engineers are ready to assist you 
in your servo design needs. Take advantage of their special servo know-how. 
Chances are they will save you time and money. ... plus provide you with a motor 
that completely fulfills your particular requirements • Write for additional tech-
nical information to: 

nine Magnetics Corp. 
570 MAIN STREET/WESTBURY, LONG ISLAND NEW YORK 'EDGEWOOD 4-7070 
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COMPONENTS AND MATERIALS 

Printed Contact Relay Uses Permanent Magnet 
THE EMBODIMENT shown in Fig. 
1 is a relay concept designed 
to save space and weight, reduce 
assembly time, and improve reliabil-
ity. The Printact relay, developed 
by Executone Inc., L. I., N. Y., 
mounts directly on a printed circuit 
board. Intermediate connections to 
fixed contacts are eliminated by do-
ing away with the contacts them-
selves. 
The moving contacts on the 

relay armature assembly mate di-
rectly with conductors on the 
printed circuit board. The conduc-
tor pattern is designed by the user 
to meet his specific application prob-
lem. A few typical arrangements 
are illustrated Fig. 1. 
The armature assembly carrying 

the moving contacts is held in posi-
tion against the edge of one of the 
U-shaped fixed magnetic members 
by a small ceramic permanent mag-
net. Application of an electromag-
netic field opposing the field of the 
permanent magnet causes the arma-
ture to rotate. 
The only moving part is the bal-

anced armature assembly on which 
the contacts are mounted. This ab-
sence of mechanical linkages and 
return springs eliminates a major 
source of relay troubles and main-
tenance costs. 

e 

NO N C 

Double Pole Single Throw Single Pole Single Throw 

111111Malf"  

Single Pole Double Throw 

The relay is accurately positioned 
on the printed circuit board by 
studs which pass through punched 
holes in the board. It is held in 
position by a simple spring. Only 
the coil terminals require solder-
ing. 
As described by A. C. Bernstein, 

President of Executone, the mag-
netic motor assembly is molded in 
a high-impact plastic. The ceramic 
biasing magnet is positioned be-
tween two U-shaped pole pieces 
made of No. 5 relay steel (cadmium 
plated and hydrogen annealed after 
forming). 
The pole pieces are assembled 

with the magnet between them 
to form an E-shaped structure 
with the coil (wound on a nylon 
bobbin) surrounding the center leg. 
The armature is normally biased 
against one leg of the E by the 
permanent magnet. When voltage 
is applied to the relay, the flux pro-
duced by the coil tends to attract 
the other end of the armature 
across the open air gap, at the same 
time bucking the flux of the perma-
nent magnet and tending to cancel 
the attractive force across the 
closed gap. Sufficient current 
through the coil will cause the 
armature to rotate; removal of this 
current permits the permanent 

almi\ inu 

N.C. 

Double Pole Double Throw 

NO.•—•NC 

Three Pole Single Throw 

j inn* 

NO•—•NC 

Three Pole Double Throw 

magnet to restore the armature to 
its first position. 
The use of a permanent magnet, 

whose restoring force tends to de-
crease rather than increase as the 
armature rotates, accounts for the 
high sensitivity and enhances the 
snap action of the relay compared 
to a conventional relay with a re-
turn spring. 
The armature and moving contact 

assembly consist of a No. 5 relay 
steel armature, a Mylar insulator, 
a high-impact plastic molding, and 
heat treated beryllium-copper 
springs with bar palladium con-
tacts. The springs are pre-stressed 
during assembly to provide uniform 
contact pressure without any hand 
adjustment. All tolerances are 
picked up automatically by the pre-
stressing of the springs and the 
form of the plastic mold. The 
balanced armature construction 
gives a high degree of freedom 
from shock and vibration which, to-
gether with the basic simplicity of 
the design and absence of hand ad-
justment, accounts for the high re-
liability of the relay. 
The preferred printed wiring 

base material is glass cloth epoxy 
although other materials may be 
used. Conductor material is two-
ounce copper, 0.0028 in. thick, and 

FIG. 1—Printed contact permanent 
magnet relay (above) mates direct-
ly with conductors on printed cir-
cuit board. Typical configurations 
are shown (left) 
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• improved performance and characteristics 

• decreased size, weight and power consumption 

• functional replacements for Military types TD97 and TD98 

Rear view of a Multiplexer-
Demultiplexer Shelf, Type 250 
Model 1, showing 2 Transistorized 
Power Suppliers and Changeover 
Relay. 

New 
ALL-TRANSISTOR 

ORTHERN RADIO MULTIPLEXER and DEMULTIPLEXER 
Type 248 Model 1 Type 249 Model 1 

The new Multiplexer, Type 248 Model 1 (functional replacement for Multiplexer TD97-FTG-2), 
and Demultiplexer, Type 249 Model 1 (functional replacement for Demultiplexer TD98-FGR-3) are 
intended for use with twin-channel, single-sideband radio circuits operating in the high-frequency 
range. Their purpose is to derive two voice-frequency circuits from each of the radio channels. 
By means of frequency division multiplexing, the radio bandwidth from 200 to 6000 cps is 
divided into two transmission circuits, each with a bandwidth from 375 to 3025 cps. Four such 
vf circuits are derived from the twin-channel radio, and these are used to transmit carrier tele-
graph signals or to provide telephone or facsimile service. 
The Multiplexer and Demultiplexer are designed to slide into the Northern Radio Type 250 Model 
1 Shelf, which accommodates two each Multiplexers or Demultiplexers, or one each Multiplexer 
and Demultiplexer. 

Two Multiplexers, Type 248 
Model 1, are required for full 
utilization of the capacity of a 
radio transmitter. One is used to 
transmit telegraph, telephone, or 
facsimile signals from two vf 
circuits to the radio channel 
designated as sideband A. The 
second Multiplexer performs the 
same function for sideband B. In 
this way four vf circuits are 
applied to the twin-channel radio 
transmitter. 

Two Demultiplexers, Type 249 
Model 1, are required for full 
utilization of the capacity of a 
radio receiver. One is used to 
receive telegraph, telephone, or 
facsimile signals for two vf cir-
cuits from the radio channel 
designated as sideband A. The 
second Demultiplexer performs 
the same function for sideband 
B. In this way four vf circuits are 
derived from the twin-channel 
radio receiver. 

The Multiplexer and Demultiplexer are tran• 
sistorized equipments, including necessary 
bandpass filters, line amplifiers, carrier fre-
quency sources, modulators and attenuators. 
The Multiplexer requires a nominal 14 volts 
oc at 125 milliamperes; the Demultiplexer, 
approximately 200 milliamperes at the same 
voltage. The power supply is normally pro-

  vided from the Northern Radio Power Supply, 
Type 223 Model 1, which is plugged into the 
rear of the Type 250 Model 1 Shelf. 

WRITE FOR FURTHER INFORMATION 

N0h71111ME PADIO MPAIllr, inc. 
147 West 22nd Street, New York 11, N.Y. 

Pace-Setters in Quality Communications Equipment 
In Canada: Northern Radio Mfg. Co., Ltd., 1950 Bank St., Billings Bridge, 

Ottawa, Ontario. 

September 30, 1960 
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SWITCHES 
FOR AIRBORNE dg MISSILE GROUND SUPPORT EQUIPMENT 

FAST, POSITIVE ACTION 
LONG SERVICE LIFE • MOISTURE-PROOF 

A broad line of sinusoidal toggle spring switches designed for 
compactness, light weight and high reliability in airborne and 
ground support missile control systems. Extremely fast, au-
dible, double break action reduces arcing and contact wear to 
negligible minimum. Positive snap action mechanism cannot 
be teased on or off contact. All contacts made of heavy coin 
silver for long life and low contact resistance. Available with 
color coded buttons. These switches exceed military require-
ments for vibration, shock, humidity and corrosion resistance. 

Western Distributor: Western-Electromotive, Inc., Los Angeles. 

The UCINITE COMPANY 
Division of United-Carr Fastener Corporation, Newtonville 60, Mass, 
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"V" IS FOR 

VECTORBORD 

Make circuits the fast, easy way 
... simply insert Vector Push-in 
Terminals and component wires 
into the pre-punched terminal 
board. Six patterns available 
with .062 and .093 holes, in XXXP 
Phenolic,G-7Glass Silicone,G-10 
Glass Epoxy and Paper Epoxy. 
Also available in copper clad, 

rite for comp!, la information to 

VECTOR ELECTRONIC COMPANY 
1100 FLOWER STREET, GLENDALE 1, CALIFORNIA 

TELEPHONE: CHapman 5-1076 

Printed Contact Relay Data 

Operating Voltage Coil Resist. 10% 
6-v d-c 125 ohms 
12-v d-c 500 ohms 
24-v d-c 2000 ohms 

Power consumption ... .300 mw (at rated 
volt) 

Pull-in 80 percent rated volt 
Switching arrangement ..... 1, 2, or 3 pole 

single or double throw 

Contact rating @ 2-t-v d-c: 
Minilife (operations) contact load (amps) 

 dry circuit 
1,000 ,000 0  5 Ream. 

500 , 000 1 Resis. 
100,000 2 Reid& 

Based on recommended printed circuit 

Contact material bar palladium 
Max. ambient temp 70 C 
Operate time .... 10 ms (at rated voltage) 
Dielec. test  1,000 y rms 60 cps 
Weight 0  8 oz. 
Dimensions 7/8 X 7/8 X 13/16 

the contact areas should be plated 
with rhodium over nickel, although 
other board and contact materials 
may be use. 

Typical operating specifications 
are given in the Table. It should 
be noted that the contact rating 
for minimum life is based on the 
recommended printed circuit board 
material and contact structure. 
A typical application is shown in 
Fig. 2. The equipment shown is 
a doctor's register for hospitals. 
Using conventional standard relays, 
a system accommodating location 
data for 400 doctors required five 
bays of equipment using a total vol-
ume of 1,165 Cu. ft.; the identical 
system redesigned to employ the 
Printact relay concept requires only 
345 cu. ft. 
A principle advantage, in addi-

FIG. 2—Doctor's register, rede-
signed to employ the printed con-
tact relay concept, achieves signi-
ficant volume reduction 
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tion to cost, space and weight sav-
ings associated with the new con-
cept, is reliability. The pre-adjusted, 
pre-stressed contact springs assure 
constant pressure. All of the toler-
ances are designed into the preci-
sion tooling for the armature assem-
bly and the micro-processed contact 
springs. The solid molded magnetic 
motor assembly serves as a dust 
cover for the entire contact system. 
If desired, further protection may 
be achieved by applying a fillet of 
epoxy cement around the relay after 
it is mounted on the printed wiring 
board. 
The successful application of this 

new concept in Executone's own 
equipment led to the decision to 
make this component available to 
the electrical and electronic indus-
tries. 

High Viscosity Resin 
For Thermoplastic Films 
AVAILABILITY of Resin D-566, a 
newly developed plasticized disper-
sion of a high viscosity polyvinyl 
butyral resin, was announced by 
Shawinigan Resins Corporation, 
Springfield, Mass. 
The material is potentially useful 

where a low tack, abrasion resist-
ant, high strength film with high 
adhesion is required, according to 
the company. It can also be com-
bined with water soluble or water 
dispersible thermosetting resins. 
Suggested areas of application in-
clude aqueous-based baking prim-
ers, decorative and protective coat-
ings for metal, wood, glass, and 
other materials, textile finishing, 
binder for non-woven fabrics, and 
greaseproof or washable coatings 
for paper and textiles. 

Upon drying at elevated tempera-
tures, Resin D-566 produces ther-
moplastic films having high ad-
hesion to porous and non-porous 
surfaces. Films dried at room tem-
perature are strippable, non-tacky, 
continuous, and water resistant. 
The plasticizer used in Resin D-566 
is non-migratory and gives the film 
good heat and color stability. Ten-
sile strength of this dried film is 
about twice that of Butvar Disper-
sion BR, Shawinigan Resin's stand-
ard product. Elongation is only half 
that of the BR Dispersion. 

electromechanical 

devices 
Ad 
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CONTACT 
MODULATOR 

-.00t Sc 

The 
smallest chopper 

in the world! 

micro-midget 
electromechanical 

CHOPPERS 
Comparable in characteristics to larger 

types, the noise level is far below con-

ventional choppers. The Model 30, 

illustrated, is for printed circuit use; 

other case and terminal con-

figurations available including 

center-tap drive coil types. 

CIRCUIT 

BREAKERS 

Positive Protection 
is assured when Airpax circuit 

breakers are specified. Trip free 

toggle (holding toggle "ON" 

will not close circuit if 

a short exists) pre-

vents equipment 

damage. 

C1334 

Precision 
Performance 

is a feature of this 

tiny chopper. 

n LECTRDNic 
Al R PA)c 

CAMBRIDGE DIVISION 

CAMBRIDGE, MARYLAND 
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PRODUCTION TECHNIQUES 

Resistance Heater Seals Gas in Can 
VARIOUS SOLDERING TECHNIQUES, in-
cluding one which seals the housing 
by resistance heating as it is filled 
with inert gas, are used by Interna-
tional Business Machines Corpora-
tion to assemble an airborne unit. 
The unit is made at IBM's Fed-

eral Systems Division, Owego, N. Y. 
Most of the circuitry is assembled 
conventionally on printed wiring 
boards. The boards are automati-
cally flow-soldered, ultrasonically 
cleaned and mounted on sturdy alu-
minum bars so they fit snugly into 
the housing. 

However, each unit contains sev-
eral miniature tubes attached to the 
board by wire leads. For protection, 
the tubes and some stand-off capaci-
tors are supported in semicircular 
metal bands conforming to the in-

Fixtures clamp cans over sealing 
electrodes 

Closeup of loaded resistance heat-
ing electrode 

Scaling fixture is loaded with can-type housings before bell jar is 
lowered. Cans are evacuated and gas filled through hole in bottom 

Tube holders are torch-soldered to 
bands 

Assembler slips tubes into holders 
in one of last steps before sealing 

side surface of the can. Tube hold-
ers are partial cylinders soldered to 
the bands. The bands are secured 
to the aluminum bars. In addition 
to support, the bands help cool the 
unit by transferring heat from the 
tubes to the can. 
The tube holders are torch-sol-

dered to the bands as a preliminary 
step. The soldering fixture is a semi-
circular block of metal with an as-
bestos lobe for each tube holder. 
Holders are slipped over each lobe 

and the band is clamped over the 
holders. Open spaces on either side 
of each lobe permit the torch flame 
to evenly heat each holder as solder 
is applied. 
Can lids and connectors are sol-

dered together as another subas-
sembly. Heat is supplied by a hot-
plate which also serves as the 
soldering mixture. The hotplate is 
recessed so pairs of lids and connec-
tors are in soldering position. 

After units are inspected, tested 
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When the requirements seem impossible... 

48 precious metal contacts on a 12" circle... 
maintaining .0003 T.I.R. planar tolerance 

To SEE under the sea takes a scanning commutator with seemingly 
impossible tolerances to insure reliability in ship sonar. That is 
why compression-molded SUPRAMICA® 500 ceramoplastic ma-
chinable insulation was chosen ... a proud example of MYCALEX 
CORPORATION OF AMERICA craftsmanship. 
The specifications are most demanding, the requirements highly 

critical... plates must be flat within .0003" and embody precision-
machined recesses to accept 48 pure silver contacts. The angular 
displacement of the contacts is held to +1 minute. The combina-
tion of contacts and SUPRAMICA 500 together must accept a 
2 micro inch surface finish. The application 
requires that these tolerances are guaran-
teed for the life of the commutator during 
which the environmental conditions run 

General Offices and Plant: 
122 Clifton Boulevard 

Clifton, N. J. 
MYCALEX 

the gamut of humidity and temperature. 
The MYCALEX fabricating facility is not only fully qualified 

to furnish the fabrication of such parts but will design and pro-
vide required hardware. For gauge-like specifications on large 
production runs or short prototype quantities . our engineers 
are ready, capable, and equipped to assist you with your de-
sign and production requirements. Write for information on 
SUPRAMICA ceramoplastics offering maximum temperature 
endurance (unstressed) up to +1550°F. and SYNTHAMICA® 

synthetic mica with maximum temperature 
endurance (unstressed) up to +2000°F. 
. . . the family of the world's most nearly 
perfect insulation materials. 

CORPORATION OF AMERICA 

Executive Offices: 
30 Rockefeller Plaza 
New York 20, N. Y. 

World's largest manufacturer of glass-bonded mica, ceramoplastic and ynthetic mica products. 
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NEW Time Delay Relays 

INSTANTANEOUS RESET... 

VOLTAGE ,-TEMPERATURE 

COMPENSATED 

BRACKET MOUNTING 

RUGGED CONSTRUCTION THROUGHOUT 

STUD MOUNTING • 

Designed with an instantaneous reset feature, these relays provide 
the same time delay for a series of cycles when temperature and 
voltage vary. 
They are pre-set from 3 to 180 seconds, are chatter-free and 

will withstand severe shock and vibration. Because of this 
unique combination of features, these relays are now being used 
in such new circuit applications as: 
Sequential timing for missiles • Automatic reset on digital readout 
equipment • Oscillator stabilization • Overload protection 
• Computer sequencing 

"DM" SERIES STEPPING MOTORS 

Curtiss-Wright Stepping Motors convert digital pulses into 
mechanical work or motion. Units are bi-directional with 
high starting torque. 

Write for complete Components Catalog 260 to help you select Curtiss-
Wright electronic components for use where dependability is of prime 
importance. 

COMPONENTS DEPARTMENT• ELECTRONICS DIVISION 

CURTISS e WRIGHT 
CORPORATION • EAST PATERSON, N. J. 

TIME DELAY RELAYS • DELAY LINES • ROTARY SOLENOIDS • DIGITAL 

MOTORS • TIMING DEVICES • DUAL RELAYS • SOLID STATE COMPONENTS 

and placed in the cans, lids are sol-
dered in place. The solderer uses a 
fixture which presses the lid to the 
can while revolving so solder can be 
flowed easily into the joint with an 
iron. 
The can is evacuated and back-

filled with a mixture of nitrogen and 
helium, through a small hole in a 
recess in the bottom of the can. The 
hole is sealed by soldering a disk 
over the recess with a preform sol-
der ring. 

Lid is sealed to can on revolving 
fixture. Iron is held under lip 

Connectors are soldered to lid on 
hotplate fixture 

The sealing operations are per-
formed on fixtures contained in a 
bell jar. Each can is positioned in a 
fixture so the hole is over an elec-
trode which can be raised. The elec-
trode is loaded with the sealing disk 
and solder ring. After the evacua-
tion and gas filling cycle, the elec-
trode is raised, soldering the disk to 
the can by resistance heating. 
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Tumbling Plates Zinc 
On Small Steel Parts 

HYDROGEN EMBRITTLEMENT of zinc 
plating on high carbon steel and 
spring steel is avoided by a me-
chanical plating method used by 
the George K. Garrett Co., Inc., 
Philadelphia, Pa. After cleaning, 
the parts are placed in a tumbler 
with powdered zinc, promoting 
compound, water and glass beads 
of varying size. The impacting ac-
tion of the beads plates the zinc to 
the steel. Parts are evenly plated 
and require no baking or aging. 
The process was first developed by 
Minnesota Mining and Manufac-
turing Co. 

Infrared Finds Faults 
In Silicon Crystals 

INFRARED is being used by Sylvania 
Electric Products, Inc. to find im-
perfections in silicon crystals. Cop-
per is diffused into the sample and 
precipitates at the imperfection 
sites. Infrared light is passed 
through the sample and made visi-
ble by an infrared-sensitive tv 
pickup tube and closed-circuit tv re-
ceiver. Since silicon is transparent 
to infrared while copper is opaque, 
the imperfections show on screen. 

Preassembled Cushions 
Cut Packaging Time 

INSTRUMENT SHIPPING package 
adopted by Donner Scientific Com-
pany, Concord, Calif., is reported to 
cut packaging time from 25 to three 
minutes. 

Packages formerly used required 
two cartons and the assembly of 12 
pieces of material. The new package 
employs two preassembled, inter-
changeable cradles at top and bot-
tom of instrument and one carton. 
The cradles are made of polyure-

thane foam mounted on a piece of 
corrugated cardboard with a die-
cut glue block rim. The instrument 
fits into the cradles so it rests on the 
foam three inches away from the 
carton's sides. 
Tare weight of the new package 

is 7/ pounds, 3/ pounds less than 
the old package. It was designed 
and made by Tharco Containers, 
Oakland, Calif. 

USING 
N rfe 

GAGES-, 

100 100 300 400 

TIME IN MILLISECONDS 

500 

Information from strain gages and many 
resistive, capacitive, and inductive trans-
ducers can be displayed on the face of a 
cathode-ray tube ... with the Type Q 
Plug-In Unit and any Tektronix Plug-In 
Oscilloscope. 

You get a detailed picture of this information 
plotted against time, from which accurate meas-
urements can be made with ease. The illustra-
tion, a plot of a press stroke, is an example of 
a quality-control application. 

It's quite likely that your lab is already equipped 
with one or more Tektronix Plug-In Oscilloscopes. 
If so, the only additional expenditure will be the 
price of a Tektronix Type Q Plug-In Unit—$300 
f.o.b. factory. 

The Type Q Unit plugs directly into these oscillo-
scopes: Tektronix Types 531, 531A, 532, 533, 
535, 535A, 536 (for X-Y plots), 541, 541A, 543, 
545, 545A, 551 and 555 (dual beam), and all 
their rack-mounting versions. It can also be used 
in the Type 81 Plug-In Adapter with both the 
Type 581 and Type 585, and in the Tektronix 
127 Preamplifier Power Supply with any stand-
ard laboratory oscilloscope and many other 
readout devices. 

Maximum sensitivity of the Type Q is 10 micro-
strain/division when used with a single strain 
gage with a gage factor of about 2. Frequency 
range is dc to 6 kc (3 db down), with excellent 
transient response. 

For complete information, or 
assistance with strain-gage and other 
transducer readout problems, please 
call your Tektronix Field Engineer. 

Tektronix, Inc. 
P. 0. Box 500 • Beaverton, Oregon 

Phone Mitchell 4-0161 • TWX--BEAV 3H • Cable: TEKTRONIX 

TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. • Atlanta, Ga. • Baltimore (Towson. Md.) • Boston (Lexington. 
Mass.) • Buffalo, N.Y. • Chicago (Park Ridge, Ill.) • Cleveland, Ohio • Dallas. Texas • Dayton, Ohio • Denver, Colo. • Detroit 
(Lathrup Village, Mich.) • Endicott (Endwell, N.Y.)• Greensboro, N.C. • Houston, Texas • Indianapolis. Ind. • Kansas City 
(Mission, Kan.) • Los Angeles, Calif. Area (East LA. • Encino • West L.A.) • Minneapolis. Minn. • New York City Area (Albertson. 
Ll., N.Y. • Stamford. Conn. • Union, N.J.) • Orlando, Fla. • Philadelphia, Pa. • Phoenix (Scottsdale, Ariz.) • Poughkeepsie, 
N.Y. • San Diego, Calif. • San Francisco (Palo Alto, Calif.) • St. Petersburg, Fla. • Syracuse. N.Y. • Toronto (Willowdale. Ont.). 
Canada • Washington. D.C. (Annandale, Va.) 
TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics, Portland, Oregon • Seattle, Washington. 
Tektronix is represented in twenty overseas countries by qualified engineering organizations. 

In Europe please write Tektronix Inc., Victoria Ave., St. Sampson:, Guernsey C.I., for the address of the 

Tektronix Representative in your country. 
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New On The Market 

Data-System Transmitter 
USES TELEPHONE LINES 

HIGH-SPEED data communication 
system transmits scientific data at 
a rate of 2,400 bits per second over 
commercial telephone lines more 
than 200 miles long. Operating ex-
perience indicates an error rate of 
less than one in one million bits 
transmitted, and these errors are 
detected by system logic before 
entry of data into computer. 
Punched cards containing the in-

put data are fed into a high-speed 
card reader at one end. The trans-
mission logic in the system con-
verts the data to a serial train of 
binary pulses. Check bits are added 
and the data is modulated for 
transmission. At the receiving end 
the data is demodulated, checked, 

Compensated Resistor 
TEMPERATURE ADJUSTABLE 

TEMPERATURE coefficient of the new 
Model 760 Temp-A-Just resistor 
can be adjusted externally without 
affecting the fixed resistance value. 

Specifications include: tempera-
ture coefficient adjustment range 
from 10 ppm per degree C to 4,500 

and recorded on magnetic tape for 
entry into computer facilities. Ac-
curacy of transmission is assured 
by both lateral and longitudinal 
parity checks. 
Punched cards, punched tape, 

magnetic tape and keyboard inputs 
are available, and outputs may be 
on magnetic tape, or on the S-C 
3000 high-speed electronic printer. 
Slow inputs can be stored for rapid 
transmission and output. The sys-
tem also provides voice communica-
tion over the same leased wire. 
More information is available 

from Stromberg-Carlson Div., Gen-
eral Dynamics Corp., 445 Park 
Avenue, N. Y., N. Y. 

CIRCLE 301 ON READER SERVICE CARD 

ppm per degree C; fixed resistance 
values from 100 ohms to 10,000 
ohms; operating temperature range 
from —55 C to 150 C; resistance 
tolerance 1 percent at 25 C; power 
rating 1 watt. 
Custom models will be furnished 

to meet special mechanical require-
ments and physical configurations. 
The variable coefficient resistors 
may be used to temperature com-
pensate. complete electronic cir-
cuits, printed circuit board modules 
or individual components such as 
transistors and solid state devices. 
Priced at $15.00 each in sample 
quantities, units are available from 
Conrad-Carson, Inc., 3110 Goddard 
Way, San Diego, Calif. 
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Current Recorder 
FIVE TO 600 AMPS A-C 

SMALL ECONOMICAL chart recorder 
can be used with transducers in a-c 
current ranges from 5 amps to 600 
amps. Either a portable clamp-on 
or a permanent pick-up type trans-
ducer is available, giving readings 
without a direct connection to the 
power buss. The ammeter is not 
sensitive to voltage and will read 

and record the current directly onto 
a moving chart for a permanent 
record. 
The recorders are available with 

variable chart speeds from 1 to 240 
inches per hour. At one inch per 
hour, a roll of inkless chart paper 
gives a continuous 31 day record. 
Among its numerous applications, 
the recorder will indicate specific 
power loads at various times of the 
day, the location of a troubled area, 
precise on-and-off time for power 
equipment. It can be located up to 
2,000 feet away from the current 
pick-up transducer. The unit can 
also be equipped with a low-current 
d-c motor so that it may continue 
recording during a power failure. 
The Rustrak AC current re-

corder has all the features of the 
regular Rustrak automatic recorder 
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NEW FROM 

JFD now offers a complete line of fixed-value miniature Metalized Inductors 
in inductances to cover a wide variety of circuit application requirements 

F 
FIXED 
MINIATURE 
METALIZED 
INDUCTORS 

MODEL LF - IP010 
ACTUAL SIZE 

• ià-oiDEL LF voveoee 
ACTUAL SIZE 

The new JFD Inductor series employs silver film per-
manently fused to a low loss dielectric glass cylinder. This 
lightweight monolithic construction achieves a new high in 
stability, durability and economy; a new low in temperature 
coefficient of inductance and distributed capacitance. As-
sures you of utmost reliability for critical circuit operation 
in severe environment. 

Feat 

I. Rugged construction affords unusually high stability 
under conditions of severe shock and vibration. 
2. Use of glass dielectric assures low temperature co-
efficient of inductance and operation without derating over 
a wide range of extreme environmental conditions. 

TYPICAL PANEL MOUNT JFD METALIZED INDUCTORS 

Model Inductance ph (± 5%) Q Min. 

IF-1P010 0.10 145 
LF-1P025 0.25 135 
LF-1P040 0.40 103 
LF-1P070 0.70 120 
LF-1P100 1.00 135 
LF-1P200 2.00 110 

Listed above are only six of 23 standard OD Metalized Inductors available in panel 
mount and printed circuit types from .05 ph to 2.00 µh. 

JFD Metalized Inductors can also be designed to help solve 
any development, design, or production problem. The num-
ber of türns, types of windings, size and distributed 
capacitance, Q and other parameters can be designed to 
suit individual circuit requirements. Write for bulletin 

223 for full specifications. 

ures 

3. Low distributed capacity. 
4. Special alloy plating protects metal parts from corrosion. 
5. A high Q over a broad frequency range. 
6. Silver plated copper leads. 
7. Available in panel mount and printed circuit mount types. JFD PRECISION COMPONENTS FOR PRECISION PERFORMANCE 

FIXED AND VARIABLE. DISTRIBUTED AND LUMPED CONSTANT DELAY LINES • .PULSE FORMING NETWORKS • DIPL_EXERS 

VARIABLE TRIMMER PISTON CAPACITORS • FIXED METALIZED INDUCTORS • LC TUNERS. 

7311 Van Nuys Boulevard, Van Nuys, 
JFD WESTERN REGIONAL DIVISION JFD CANADA LTD. JFD INTERNATIONAL 

JFD ELECTRONICS CORPORATION 
Califor6ni1a01 Sixteenth Avenue, Brooklyn 4, New York 

51 McCormack Street, Toronto, Ontario, Canada 15 Moore Street, New York, N.Y. 
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which includes portable or rack 
mounting and a rated accuracy of 
5 percent; size is 38 wide, 5g high 
by 4* inch deep. Price with perma-
nent transducer is $124.50; with 

Thin Meter Movement 
USES PRINTED CIRCUIT 

NEW PRINTED circuit meter move-
ment is announced by Interlab, 
Inc., 116 Kraft Ave., Bronxville, 
N. Y. The printed circuit coil al-
lows the moving element structure 
to be kept thin and allows panel 
meters only * inch thick, exclusive 
of mounting studs, which also serve 
for electrical connections. 
The magnetic circuit uses a ce-

ramic ring magnet. Although ce-
ramic magnets have low residual 
flux density, they also have long-

Image Intensifier 
HIGH LIGHT THRESHOLD 

A NEW high-vacuum tube, type 
WX-4047, which intensifies light 
radiation by electronic means, is 

the clamp-on transducer, $132.50. 
For further information write 
Rust Industrial Company, 130 Sil-
ver St.. Manchester, N. H. 
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term stability; the printed coil 
movement design provides full 
sensitivity. High dissipation abil-
ity of the open coils combined with 
resilient nylon bristles give an 
overload capacity of 10,000 percent. 
A range of movements with current 
ratings from 1 ma to 1 ampere are 
available with accuracy of 1* per-
cent. Higher accuracies are avail-
able on special order. 
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available from the Westinghouse 
Electronic Tube Div., P. 0. Box 
284, Elmira, N. Y. The tube pro-
duces an image of reduced size 
whose brightness is increased by a 
factor of 2,500 (minimum) for 
actinic blue input radiation, by 
1000 for input radiation at a color 
temperature of 2,870 degrees K. 

Incoming radiation impinges on 
a five-inch photosurface which con-
verts the light image to an elec-
tron image. Deposited directly on 
the internal surface of the polished 
bulb face, the photo cathode f unc-
tions as an integral part of an ex-
ternal optical system. After con-
version, the electron image is fo-
cussed and accelerated toward an 
aluminum backed phosphor screen. 
Through use of short-persistence 

P15 phosphor, brightness decays to 

10 percent in 2.0 microseconds. In-
put resolution is 75 line pairs per 
inch and the threshold for imaging 
is approximately 10' foot-candles. 
Maximum ratings are 30 kilovolts 
(anode screen to photocathode) and 
1-milliampere peak pulse anode 
screen current. The tube weighs 
6* pounds, has a maximum diame-
ter of 8ià inches, and is 15î inches 
long. 
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Crystal Oscillator 
SHAPED WAVEFORM 

NEW M-3 Mini-Module crystal os-
cillator is announced by Monitor 
Products Co., 815 Fremont Ave., 
S. Pasadena, Calif. Modules include 
one for crystal circuits and one for 
output circuits. 
The oscillator module is 1 by à 

by â inch (less crystal) and the 
output module is g by * by g inch. 

Each module weighs less than one 
oz. Temperature range is from 
—55 C to 90 C. Vibration is 20 g, 
50 milliseconds, with special 
mounting of crystal. Operating al-
titude extends to deep space, mois-
ture rating to 100 percent relative 
humidity. Oscillator module pro-
vides 1 y rms into 2,000 ohm load. 
Output module provides sine or 
square waves or pulse. 
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Standard Lab Voltage 
D-C TO 900 MEGACYCLES 

A NEW micropotentiometer for use 
as a relative or absolute voltage 
standard over the frequency range 
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MAGNETRONS 
attuned to new applications 

This Litton continuous wave mag-

netron is one of a family of ten that 

gives coverage from P to X bands at 
minimum power outputs from 250-

500 watts. 
The dependability and versatility 

of Litton CW magnetrons has been 

time-proved by the many thousands 

in field service. There are undoubt-

edly long years of operation ahead 

in new military and commercial 

applications. 

These Litton CW magnetrons are 

mechanically-tuned and liquid-

cooled. We also manufacture CW 

magnetrons with versatile hydraulic 

tuning and, at lower powers, can 

supply them with forced air cooling. 

Litton CW magnetrons are being 

applied in a pulse width modulated 

navigation system. Pulse rate, ampli-

tude and frequency modulation tech-

niques make possible other com-

munication applications. This family 

also offers many advantages in such 

CW applications as RF drivers, 

industrial processing and component 

testing. They can be pulsed to 

approximately 2 KW peak power at 

a .25 duty cycle, a desirable attribute 

in component testing. 

Investigation of these magnetrons 
arid Litton pulse magnetrons, the 

international standards of excellence, 

LITTON INDUSTRIES 
Electron Tube Division 

MICROWAVE TUBES AND DISPLAY DEVICES 

may lead you to new applications. If 

we have stimulated your thinking a 

little, we would like to hear from 

you. Write to: 960 Industrial Road, 

San Carlos, California. 

CW MAGNETRONS 

Frequency Minimum 
Type Range Power 

Number Megacycles Watts 

L-3456 350-590 500 

L-3459 590-975 500 

L-3465 975-1500 400 

L-3464 1500-2350 400 

L-3460 2350-3575 500 

L-3461 3575-4975 400 

L-3467 4975-6175 400 

L-3468 6175-7275 300 

L-3462 7275-8775 300 

L-3463 8775-10,475 250 

"Capability that 

can change 

your planning" 
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ENGINEERING 

ON BENDIX COMPONENTS 

NON-BUFFERED CASCADED 
RESOLVER CHAINS 
FOR NAVIGATIONAL, GUIDANCE, AND FIRE CONTROL COMPUTERS 

Newly-developed techniques enable 
Eclipse-Pioneer to solve coordinate 
transformation problems using size 
10 (or smaller) resolvers with per-
formance exceeding resolver chains 
using size 23 resolver and feedback 
buffer amplifiers. 
Our design philosophy is based 

on the premise that all component 
parameters will be allowed to fluctu-
ate with variations in excitation 

voltage, frequency, and ambient 
conditions. All resultant signal 
variations can be closely predicted 
through digital computer analysis. 
As a result of Eclipse-Pioneer's 

experience in utilizing resolver 
chains in its navigational systems, 
considerable data has been compiled 
which may be helpful in solving 
your problems. Write us today for 
complete information. 

TYPICAL PROBLEM 

LOT 

PRESENT 
POSITION 

NORTH 
POLE 

ARC OF 

GREAT 
CIRCLE 

CENTER 
OF EARTH 

2-- EQUATOR 

PROBLEM: Design a computer to pro-
vide an aircraft with continuous bearing 
and range information along the arc 
of a great circle. 

CA—Bearing 

LOT—ALongitude measured from 
present position to target 

[p—Latitude of present position 

LT—Latitude of target 

D—Great Circle distance from present 
position to target. 

SOLUTION 

COMPUTING RESOLVE RO 

COMPENSATING RESOLVERS 

Eclipse-Pioneer Division 
Teterboro, N. J. 

0787enee 
CORPORATION 

District Offices: Burbank and San Franciscc, Calif.; Seattle, Wash.; Dayton, Ohio; and Washington, D. C. 
Export Sales & Service: Bendix International, 205 E. 42nd St., New York 17, N. Y. 

II 

of d-c to 900 Mc is announced by 
Ballantine Laboratories, Boonton, 
New Jersey. 

Stable, passive circuit elements 
make the Model 440 Micropoten-
tiometer a practical laboratory 
standard device for use as a rela-
tive voltage standard to measure 
the frequency response of elec-
tronic equipment, or as an absolute 
voltage reference for precisely cali-
brating electronic voltmeters, sig-
nal., generators, and other devices. 

Based on designs of the National 
Bureau of Standards, the unit pro-
vides a precisely determined volt-
age at its output terminal when 
d-c to 900 Mc current is fed into 
the input terminal. Output voltage 
can be varied from one third to full 
rated output by varying the cur-
rent through a radial resistor over 
a three-to-one range. Using various 
thermocouple-radial resistor com-
binations, output ranges from 40 
microvolts to 0.33 volt can be pro-
vided. 
For use as a laboratory standard, 

each unit is calibrated by the Na-
tional Bureau of Standards over 
the frequency range of 10 Mc to 
1,000 Mc. The basic design and 
method of production ensures cali-
bration stability. 
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1 
Printed Circuit Plug 
EDGE MOUNTING 

A NEW printed circuit plug has been 
announced by Cambridge Therm-
ionic Corporation, 445 Concord 
Avenue, Cambridge 3, Mass. The 
plug, No. 2850, is primarily de-
signed for use in printed circuits 
and particularly for edge mounting 
on ?er and h-inch printed circuit 
boards. However, it may also be 
used for conventional circuits. The 
end of the shank is slotted to a 
depth of 0.125 inch and is available 
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in two slot widths to accommodate 
the two board thicknesses of sh and 

inch. The plug has a pin 0.045 
inch in diameter and is approxi-
mately inch long. Plug mates 
with jacks No. 2378 and No. 2650. 
Material is brass per QQ-B-626a, 
Comp. 22, hard with 0.0002 inch 
silver plate plus 0.000020 inch gold 
flash or 0.0002 inch bright alloy 
plate. 
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Fixed Delay Timer 
SOLID STATE 

ELGIN MICRONICS, Chatsworth, 
Calif., is marketing a miniature one 
cubic inch delay timer weighing 1.4 
oz. The compact solid state fixed 
delay timer is designed to supply 
a switching function to an external 
circuit. It has a range of 25 milli-
seconds to one minute and can be 
supplied adjustable on request. The 
timer is temperature compensated 
with an accuracy of ±: 5 percent 
over the temperature range of — 55 
C to -F 80 C. Input voltage is 18 to 
30 y d-c. Acceleration is 20 g for 
one minute. The unit is fungus and 
moisture proof, will operate as 
specified when mounted in any po-
sition, and has minimum life of 
100.000 cycles. 
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Capacitor Charger 
HIGHLY EFFICIENT 

CUBIC CORP., 5575 Kearny Villa 
Road, San Diego 11, Calif. Model 
P-1 specialized power supply was 
designed for high-intensity gas-
discharge tubes of the type com-
monly used in high-speed photog-
raphy. Housed in an encapsulated 
container, it is suitable for air-

craft, missiles and satellites. It will 
power the flashing light in a forth-
coming goedetic satellite to be 
launched by the National Space 
and Aeronautics Agency. 
Under varying input loads, the 

efficiency of the tiny 3-lb unit is 65 
percent. It is 2a in. by 3-in. by 5Ï 
in. in size and will operate in tem-
peratures ranging from —10 C to 
—60 C. Life expectancy exceeds 
10,000 hours. 
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FiLNI 

Capacitors 
METALLIZED MYLAR 

FILM CAPACITORS, INC., 3400 Park 
Ave., New York 56, N. Y. New 
"Flat Wrap" metallized Mylar ca-
pacitors offer the ultimate in min-
iaturization and reliability. Usable 
temperature range up to 125 C 
without derating. Self-healing char-
acteristics greatly extend the life 
of the capacitors. Low dielectric 
absorption and extremely high in-
sulation resistance are other ad-
vantages. Tolerances of 1 percent 
and better are available upon spe-
cial order. The units are wrapped in 
Mylar tape and the ends filled with 
epoxy resin. This assures excellent 
resistance to humidity and may be 
used in potting applications or as is. 
Ideal for space savings and low 
cm.t. 
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Plug-In Relay 
HAS BUILT-IN LAMP 

GUARDIAN ELECTRIC MFG. co., 1550 
West Carroll Ave., Chicago 7, Ill. 

ENGINEERING 

ON OTHER BENDIX 

COMPONENT PACKAGES 

OMNI-BEARING CONVERTER 
Modular package permits smaller, 
lighter navigation receiver design 

Compass heading and VOR signal,; 
are computed and converted by this 
radio receiver component into signals 
that position the displays in the Radio 
Magnetic Indicator of an aircraft radio 
navigation system. In a package 
measuring only 3%• x 2-3s" x 1W, the 
module comprises a size 11 resolver, 
differential, motor-generator, gear 
train assembly and indicator dial. 
Write today for complete information. 

SYNCHRO SLIP RINGS 
Autosyn provides electrical 
contact with both rotor and stator 

In the compact Autosyn design, both 
housing and shaft can be rotated, 
permitting introduction of another 
variable into the system. Electrical 
contact with both elements is made 
through external slip rings, which 
replace the usual fixed leads or 
terminals. Slip ring location and con-
figuration can be varied to meet 
specific mechanical or electrical needs. 
Precious metals are used in the rings 
to minimize contact resistance and 
insure maximum reliability. Write for 
details. * REG. U.S. PAT. OFF. 

Manufacturers of 

GYROS • ROTATING COMPONENTS 

RADAR DEVICES • INSTRUMENTATION 

PACKAGED COMPONENTS 

Eclipse-Pioneer Division 

T71:01,41,11 

CO OOOOOO ION 

Teterboro, N. J. 
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A NEW LINE OF 

SILICON ZENER DIODES 

AND RECTIFIERS 

by the ELECTRON DIVISION 

SILICON ZENER DIODES: From 150 milliwatts 

to 50 watts, 3.9 volts to 200 volts. Diodes can 

be matched in pairs, triplets, and quads. Double 

anodes available from 1.5 volts to 60 volts. For 
power units: anode or cathode grounded 
optional. Will meet military specification. 

SILICON RECTIFIERS: Up to 12 1/2 amps, 10 to 

900 PIV in free air; exceeding 50 amps by forced 

air cooling and 100 amps by water cooling. Full 
wave rectifier made to customer's specifications. 

Controls Company of America invites your inquiry. 
High quality and dependable delivery assured. 

Write or call for catalogs and engineering data. 

\re..«comed 

CONTROLS COMPANY OF AMERICA 
ELECTRON DIVISION 

811 W. Broadway, P.O. Box 937, Tempe, Arizona 

A miniature neon lamp is connected 
across the coil terminals of the 
series 1210-N plug-in relay. The 
lamp lights when coil is energized. 
Should it remain "dark" with coil 
energized a circuit fault would be 
indicated. Unit is currently being 
used in relay banks, mass relay 
installations, and wherever relays 
are visible at intermediate switch-
ing points in such circuitry. Prin-
cipal advantage of the light is that 
it precludes the use of a circuit 
tester. Relay is available with 8 
pin octal plug for dpdt and 11 pin 
for 3pdt. Contacts rated 8 amperes 
at 115 y a-c, 60 cycles, noninductive 
load. Size, 2 22/32 in. by il in. by 
1 n 
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Coaxial Switches 
MULTIPOSITION 

BARKER & WILLIAMSON, INC., Bristol, 
Pa., announces multiposition co-
axial switches designed for radio 
frequencies to 30 Mc. Model 550A 
selects any one of five transmitters, 
antennas, exciters or other equip-
ment and handles up to 1 Kw of 
modulated power with a maximum 
crosstalk of — 45 db. Model 551A 
is a two-pole, two-position unit for 
switching equipment rapidly in or 
out of series connection. It is also 
suitable for switching devices such 
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THESE 'LITTLE GIANTS' WITHSTAND 
SHOCK AND VIBRATION 

Micro-Miniature Ruggedized Continental Connectors 

• Smallest size without sacrificing performance 
• Available with 5, 7, 9, 11, 20, 26, 29, 34 and 44 contacts 
• Reversed guide pin and socket for positive polarization 
• Supplied in various molding compounds 
• Available with hoods, screwlocks and shells 

Continental Connector's Series MM22 precision micro-
miniature connectors simplify interconnection of compact 
sub-assemblies where space limitations demand the 
smallest components and highest reliability. 

ELECTRICAL AND MECHANICAL RATINGS 

Voltage Ratings: Breakdown Recommended Test 
At Sea Level 2400V. RMS 1600V. RMS 
AI 70,000 Ft. 650V. RMS 425V. RMS 

Current Rating  3 Amps 
Minimum Creepage Between Contacts  1/16" 
Minimum Air Space Between Contacts  .040" 
Contacts, Center-to-Center   3/32" 
Pin Diameter  .030" 
Solder Cup  #22 AWG Wire 

Technical data sheets on micro-miniature and other 
Continental Connectors are available on request. Specify 
your requirements to Electronic Division, DeJUR-
A MSCO Corporation, 45-01 Northern Boulevard, Long 
Island City 1, N. Y. (Exclusive Sales Agent.) 

MANUFACTURED BY 

CONTINENTAL CONNECTOR CORPORATION 

AMERICA'S FASTEST GROWING LINE 

OF PRECISION CONNECTORS 

September 30, 1960 
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ANGULAR 
TRANSDUCER 
INSTRUMENT 
SYSTEM 

Instrumentation for the wheel-balancing application shown in-
cludes the two units of the ROTAN system—Type 182A Angle-
Encoding Transducer and Type 183A Rotational Analyzer— 
working in conjunction with a linear variable differential trans-
former and a Type Q Plug-In Unit in a Type 533 Oscilloscope. 

A Type 182A Angle-Encoding Transducer and a Type 183A 
Rotational Analyzer comprise the new Tektronix ROTAN 
system. Designed to study rotation-associated phenomena in 
machinery, the two ROTAN units adapt an oscilloscope to 

provide horizontal trace deflection proportional to angular displacement of a 
rotating shaft. The ROTAN system generates a horizontal sweep representing 
shaft angle—at speeds from essentially zero to 20,000 rpm. Transduced data, 
such as velocity, pressure, acceleration, or vibration (applied to the oscillo-
scope vertical input), appears on the crt screen correctly referenced to this in-
stantaneous angular position. 

TYPICAL ROTAN DISPLAYS 

WM»Minna. 
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111111111111111113111111111111111111 
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Diesel engine cylinder pressure vs. 
crank angle. 360° display with 10° 
intensity markers. Intensified por-
tion is the 50° sector covered by the 
main sweep, starting at 160°. 

BMIIMBII1111111111 
11111111111111VICUZZ 

11113MBRIMICe! 
IIMBUZIMI111111  
Vibration vs. crank angle. 360 dis-
play of a 4-cycle, 1-cylinder gaso-
line engine. 

Bearing housing displacement vs. 
angular shaft position—wheel bal-
ancing application. Leff: a normal 
trace. 340° rotation of the wheel, 
10° Intensity markers. Right: a mag-
nified trace, 1° intensity markers. 
Amplitude designates the amount 
of wheel unbalance. Peak desig-
nates the point of unbalance. 

Price, ROTAN System. • MOM 
(f...b.fficro,y) 

Tektronix, Inc. 

11111▪ 1111111111111M11111111111111111111111 
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Ignition vs. crank angle. 360° dis-
play with 10° Intensity markers. The 
upper trace is the secondary voltage 
and the lower trace Is the secondary 
current. 

W▪ ZMIRB111111•11 
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Call your Tektronix Engineer for a demonstration 

of the ROTAN system in your own application. 

P. O. Boo 500 • Beaverton, Oregon • Phone Mitchell 4-0161 • TWX—BEAV 311 • Cable: TEKTRONIX 

TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. • Atlanta, Ga. • Baltimore (Towson, Md.) • Boston (Lexington, 
Mass.) • Buffalo. N.Y. • Chicago (Park Ridge, III.) • Cleveland, Ohio • Dallas. Texas • Dayton. Ohio • Denver. Colo. • Detroit 
(Lathrup Village. Mich.) • Endicott (Endwell. N.Y.) • Greensboro, N.C. • Houston. Texas • Indianapolis, Ind. • Kansas City 
(Mission, Kan.) • Los Angeles, Calif. Area (East L.A. • Encino • West L.A.) • Minneapolis, Minn.. New York City Area (Albertson, 
Li., N.Y. • Stamford, Conn. • Union. N.J.) • Orlando. Fla. • Philadelphia, Pa. • Phoenix (Scottsdale. Ariz.) • Poughkeepsie, 
N.Y. • San Diego. Calif. • San Francisco (Palo Alto, Calif.) • St. Petersburg, Fla. • Syracuse. N.Y. • Toronto (Wiliowdale, Ont.), 
Canada • Washington. D.C. (Annandale, Va.) 
TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics, Portland, Oregon • Seattle, Washington. 
Tektronix is represented in twenty overseas countries by qualified engineering organizations. 

In Europe please write Tektronix Inc., Victoria, Ave., St. Sampson:, Guernsey C.I., for the address of the 
Tektronix Representative in your country. 

as r-f power amplifiers in or out of 
circuit. Both switches are designed 
to be used with 52 or 75 ohm co-
axial lines. Diameter across con-
necting terminals is 4 in., and front-
to-back dimension including shaft 
extension is 3 9/16. 
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Console Cabinet 
SLOPED FRONT 

PREMIER METAL PRODUCTS co., 337 
Manida St., New York 59, N. Y., 
has added to its line of Prem-O-
Rak modular console cabinets for 
the electronic industry a sloped 
front unit consisting of a frame 
and end panels. Designed for cus-
tom packaging both singly and for 
multiple installations. The tops of 
both front and rear are rounded. 
The 174 in. panel space sloped 
front area is 19 deg from vertical. 
Front and rear panel mounting 
angles are adjustable to any de-
sired position. A cutout is provided 
in the bottom for leads, etc. Holes 
are punched to accommodate cast-
ers. 
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Delay Lines 
ULTRAFAST RISE TIME 

AD-YU ELECTRONICS LAB., INC., 249-
259 Terhune Ave., Passaic., N. J., 
has available a new series of delay 
lines. Ratio of rise time to total 
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The Leaders Specify ALPHLEX ZIPPER TUBING 
• constant flexibility 
• cuts time and labor 
• outer jacket is replaceable 
• wire changing is simplified 
• eliminates costly jacket extrusion 
• immediate delivery from your local Alpha distributor 

For all these benefits, Alphlex Zipper Tubing is used 
by such OEM leaders as IBM, IT&T, Librascope, 
Lockheed, Martin, Sperry Rand and Government 
agencies. Write for free Alphlex Catalog Z-2. 

The new Alphlex Closing Tool (above) 
designed to save you time, labor 
and money in your cable production 
requirements is free with each 
order of 1,000 feet of Zipper Tubing. 

ZIP-31 

ZIP-31M 

ZIP-44 

ZIP-44M 

ZIP-50 

ZIP-90 

TYPES OF ZIPPER TUBING 
fabricated from .020" polyvinyl sheet made from MIL-I-631C materials. All purpose type 
for general applications to 105°C. Standard colors: Clear, Black, Yellow. 

heavy duty construction. Similar to ZIP-31 type except nominal wall thickness of .040". 
Standard colors: Clear, Black. 

ZIPPER SPECIFICATIONS FOR ALL 
TYPES OF ALPHLEX ZIPPER TUBING 

Material Polyvinyl Chloride 

Track Thickness (when closed) .095" 

polyvinyl sheet made from MIL-I-7444B materials. Extremely flexible; for aircraft and Dielectric Strength, Of mil   

low-temperature uses to —67°C. Standard colors: Clear (amber), Black. 

759 

Tensile Strength P.S.I.   3810 

heavy duty construction. Similar to ZIP-44 type except nominal wall thickness of .040" 
Standard colors: Clear (amber), Black. 

"sandwich" of aluminum foil laminated between two sheets of polyvinyl. For 100% RF 
shielding applications to 105°C. Standard color: Silver Grey. 

Ultimate Elongation   255% 

Operating Temperature, 
Upper Limit   106°C 

Cold Brittleness   --86°C 

Fungus-proof will not support fungus 

polyvinyl bonded to woven fibreglass sheet per MIL-I-3190A. For rough usage, abrasion Flammability   

resistance, and high temperature uses to 130°C. Standard color: Black. 

All types available in inside diameters from 1/4 " to 2" in increments of 1/8"; and from 
2" to 4" in increments of 'A". 
Alphlex Zipper Tubing covered by Patents #12E24,613 and = 2.558,367 and other 

ALPHA WIRE CORPORATION subsidiary of [ORAL Electronics Corporation 
200 Varick Street, New York 14, N. Y. 
Pacific Division: 1871 So. Orange Dr., Los Angeles 19, Calif. 

self-extinguishing 

Lateral Pull Strength 
(unsealed)   42.7 pounds! inch 

Lateral Pull Strength 
(permanently sealed) 59.8 pounds/inch 

Standard Colors _Black, Clear, Yellow 

ACE FABRICATED 
PLASTIC PARTS 

FAST SERVICE-LOW COST 
SIZES: Ye" to 21/4" — LENGTHS: ife," to 9" 

New e-x-p-a-n-d-e-d production facilities now 
give you ACE PRECISION on all types of screw 
machine centerless ground parts and special, 
shapes ...all colors ... all materials. 

• 
Write, wire, phone for samples, prices and 
bulletin F listing stock items. Send specifications 
or blueprints for prompt quotations on specials. 

BALLS 
BOBBINS 
BUSHINGS 
COLLARS 
DETESTS 
FINIALS 
GROMMETS 
HANDLES 
>NOBS 
MECHANICAL 
CHECKS 
NAME PLATES 
PINS 
PLATES 
PLUGS 
RINGS 
SPACERS 
SPOOLS 
STANDS 
STRIPS 

ACE PLASTIC COMPANY 
91-33 Von Wyck Expwy., Jamaica 35, N. Y. JAmaica 3-5500 
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SEYMOUR STAINLESS STEEL 

write 
for new 
list of 

available 
alloys! 

The 

SEYMOUR 
MANUFACTURING CO. 
Seymour, Connecticut, TUxedo 8-2541 • 
New York, OXford 7-2390 (TWX:45) 
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IN TELEMETRY... 
ELECTRO-TEC'S NEW 

450-CIRCUIT II> 
'TAMING 

e SWITCH 11, 

2 via 

Electro-Tec's new compact 8-oz. motor driven telemetering switch enables cir-
cuit combinations up to a maximum of 5 poles, 90 channa s per pole ... truly 
the answer to precision pérformance with optimum size au i weight. 

Specifically developed for satellite and missile use, the ETC switch incorpor-
ates unique engineering ideas extending its utility to a variaty of other military 
and industrial applications. Exclusive microminiature desigi minimizes brush 
velocity. Precious metal contact surfaces assure lowest levels of noise and 
resistance. Hermetically-sealed connectors add to envircrmertal protection. 
These and other featuras provide a life expectancy of well peyord 1000 hours. 

Write for new ETC switch brochure. 

ELECTRO-TEC CORP Administrative and Executkra Off ces: 
• 10 Rornanelli Avenue, Bout -1 Hackensack, N.J. 

Manufacturing Plants: Blacksburg, Va.—Chmond Beach, Fla. 

PATENT NUMBER G96,57! AND oTeic, PENDING. 

delay can be less than 1.5 percent, 
yet the attenuation is less than 0.1 
db per millisecond delay. Extremely 
stable, temperature coefficient less 
than 0.01 percent per deg C. Sat-
uration level is above 150 v. A 
great deal of circuitries and im-
provement can be secured by using 
these lines in computers, radar sys-
tems, control devices, etc. Em-
bedding in resin compound can be 
provided to afford maximum pro-
tection from shock, vibration and 
humidity. The lower limit of fre-
quency response is down to d-c. 
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Coaxial Switch 
FOR AIRBORNE USES 

DON-LAN ELECTRONICS INC., 1131 
Olympic Blvd., Santa Monica, 
Calif., is manufacturing a coaxial 
switch which will withstand 50 g 
sustained acceleration and 20 g 
vibration from 75 to 2000 cps. It 
has been developed for missile and 
other airborne applications. The 
switches feature extreme minia-
turization with a weight of only 75 
grams, and a switching time of 
0.006 sec. The spdt "fail safe" 
units are available for 6 to 30 
d-c and 15 y 400 cycle a-c opera-
tion with TNC, N or HN coaxial 
connectors in an r-f frequency 
range of 100 to 5,000 Mc. 
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Power Supply 
RACK MOUNT 

TRANS ELECTRONICS, INC., 7349 Can-
oga Ave., Canoga Park, Calif., an-
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Rugged, simple (81/2"x11") plotter contains 
all essential features for 95% of all X-Y 
applications. Basic Model HR-92-1 is 
$595.00 (USA) with 10mviin. sensitivity, 
1/2% accuracy. 

(W\.s,., houston Instrument 
corporation 

A-'/// - Box 22234 • Houston 27, Texas MO 7-7405 
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STEELSET 

DIAPSilifiDD STEE/LISBdijELS 

(FOR WET GRINDING] 

Cut faster, last longer due 

to patented process of 
manufacture 

Metal-bonded quality products 
In standard and special sizes and shapes for: 
OPERATIONS MATERIALS 

Grinding 

Electrolytic Grinding 

Honing, Lapping 

Slicing, Dicing 

Drilling 

Reaming 

Generating 

Pencil edging 

Chamfering, Beveling 

Grooving 

Sintered carbides 

Sintered oxides 

Ferrite 

Germanium, Silicon 

Glass, Quartz 

Marble, Granite 

Ceramics, Porcelain 

Sapphire 

Boron carbide 

Cermets 

We specialize in 
NON-STANDARD requirements. 

Send us your prints for quotation. 
e Write For New Catalog DG-395 

Fish-Schurman Corp., 88 Portman Road, New Rochelle, N. Y. 

NOW! 
A SINGLE 

INSTRUMENT TO 

SIMULATE INPUTS 

MEASURE OUTPUT ANGLES 

RECORD DRIFT OF 

SERVO SYSTEMS 

OFF-THE-SHELF-DELIVERY 

SYSTEM ERROR BRIDGE 

TESTS 

• Inertial Platforms 

• Servos 

• Vertical Gyros 

• Navigational Computers 

• Master Transmitters 

• Autopilots 

• Aircraft Indicators 

• Antenna Pedestals 

Write today for detailed technical bulletin. 

PHASE SHIFT 
continuously through 360 0 

at constant amplitude! 

with Theta's 
PHASE GENERATOR 

• 
OFF-THE-

SHELF DELIVERY 

Direct reading 
of phase shift. 
Accuracies from 
20 min.-of-arc. 
Outputs to 180 volts 
at 5 watts. Designed 
as laboratory device 
or circuit component. 
Passive, rugged construction. 

Write today for detailed technical bulletin. 

MANUFACTURER OF PRECISE 
TEST EQUIPMENT FOR SERVO 

SYSTEMS. 

INSTRUMENT CORPORATION 

520 Victor Street • Saddle Brook, New Jersey 
Hubbard 7-3508 • TWX: HKK 952-U 

September 30, 1960 
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CHECK THE LOW COST of these 
new printed circuit test jacks 

WESCON Booth 2606 

For .052 application holes 

on .400 centers 

Samples on request 

Patents pending 

Ucinite's new test jack is designed for permanent, 
soldered assembly to printed circuit boards. Gold-over-

silver-plated beryllium copper contacts provide low-
resistance contact for repeated insertions of standard 
.080" diameter test probes. Nylon bodies are available 

in eleven standard code colors. Uniquely simplified 
construction affords economical usage in all quanti-
ties. Immediate shipments from stock. 

The UCINITE COMPANY 
44 Division of UNITED-CARR Fastener Corporation 

Newtonville 60, Massachusetts 

COMPLETELY AUTOMATIC 
MEMORY CORE HANDLER 
FOR HIGH SPEED 
PRODUCTION 
TESTING 

rese engineering, inc. 
7 3 1 ARCH ST., PHILADELPHIA 6 

MAGNETIC CORE TESTERS • HIGH SPEED MEMORIES • LOGIC CIRCUIT PLUG-INS 

nounces a new rack mount regulated 
power supply. Output for model 
RR550 is 300-500 y d-c at 0-500 ma. 
Input 105-125 I/ a-c 55-400 cps. 
Line regulation 0.1 percent; load 
regulation 0.1 percent; ripple and 
noise, 1.5 my rms max.; filament 
output 6.3 y CT at 15 amperes; 
polarity either positive or negative 
may be grounded; output superior 
binding posts on front panel; bar-
rier strip on rear. Panel includes: 
a-c and d-c output terminals, a-c 
power on-off switch and pilot light, 
d-c output on-off switch and pilot 
light, voltage range selector, volt-
age vernier control. Without meters 
the unit is priced at $310; with 
meters, $350. 
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Fixed Attenuators 
MICROWAVE 

FXR, INC., 25-26 50th St., Woodside 
77, N. Y. Series 180 fixed coaxial 
attenuators feature exceptional sta-
bility and are capable of withstand-
ing appreciable overloads and peak 
powers with no change of character-
istics. Shock and vibration resis-
tance is high and a negligible 
change of attenuation occurs under 
humidity and temperature cycling. 
Nominal attenuation for the series 
is 3, 6, 10 and 20 db. Frequency 
range is 1,000 to 12,400 Mc for 3, 6 
and 10 db and 2,000 to 12,400 Mc 
for 20 db. Impedance is 50 ohms. 
Temperature coefficient of attenua-
tion is 0.00043/db/deg F, from 
32 F to 125 F. Insertion length, ap-
proximately 73 in. Price, $42. 
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Silicon Transistor 
SYMMETRICAL UNIT 

CRYSTALONICS INC., 249 Fifth St., 
Cambridge 42, Mass., announces an 
improved symmetrical silicon tran-
sistor designated C106. It features 
a minimum beta of 30 in both direc-
tions and a maximum saturation 
resistance of 5 ohms at 10 ma col-
lector current. Unit is recom-
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mended for low level applications, 
choppers, multiplexers, bidirectional 
switches and high precision analog 
circuits requiring exceptionally low 
saturation resistance with high 
"off" to "on" switching ratio. 
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Panel Voltmeter 
HIGH ACCURACY 

VOLTRON PRODUCTS, INC., 1020 So. 
Arroyo Parkway, Pasadena, Calif., 
can now furnish panel voltmeters 
with an accuracy of 0.1 percent for 
either a-c or d-c applications. This 
new degree of accuracy is made 
possible by a combination of a taut 
band meter movement and an ex-
tremely precise expansion network. 
Use of a taut band meter movement 
is said to eliminate completely the 
static friction found in conventional 
pivot and jewel type meters, and 
provides an extremely rugged con-
struction. Meter maintains its 0.1 
percent accuracy in any position 
and can be used with either a 
magnetic or non-magnetic panel. 
Price: d-c, $200: a-c 8230. 
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Harmonic Mixers 
FIXED TUNED 

HEWLETT-PACKARD CO., 1501 Page 
Mill Road, Palo Alto, Calif., has two 
new fixed tuned harmonic mixers 
which speed and simplify frequency 
measurements up to 18,000 Mc. 
Model P932A, operating in the 
12,400 to 18,000 Mc P-band, mounts 
directly in a waveguide system and 
operates with a H-P model 540A or 

lower in density, 

more ohms per pound, 

less cost per megohm! 

HOSKINS ALLOY 

ids a .  Precision 
Resistor Wire 

12.8 to 14.1% more ohms per pound! 10.8 to 12.7% 
less cost per megohm! These are worthwhile savings 
you can realize by using Hoskins Alloy 815-R in your 
precision wire-wound resistors. It's lower in density, 
has higher resistivity than standard 800-ohm nickel-
chromium alloys. Yet it possesses comparable strength, 
ductility, resistance to corrosion. Its low temperature 
coefficient (0 ±lOppm per °C. from —65° to +150°C.)* 
is inherently controlled in the melt, rather than by 
"aging", to assure optimum uniformity. And it's 
available now bare or enameled in wire sizes ranging 
from .0031" down to and including .0004" to meet 
your particular application requirements. 

Yours for the Asking—Handy new Resistor Wire 
Comparator showing actual savings obtainable for 
each wire size. 12-page catalog containing com-
plete technical data. Sample spools of wire for 
testing and evaluation. Send for them today! 

*Wire controlled to O ± 2Oppm/°C. also available at greater savings— up 10 19.6% lower eosl/megohm. 

HOSKINS MANUFACTURING COMPANY 
4451 Lawton Avenue • Detroit 8, Michigan • TYler 5-2860 

In Canada: Hoskins Alloys of Canada, Ltd., 45 Racine Rd., Rexdale P.O., Toronto, OntariO 

Producers of Custom Quality Resistance, Resistor and Thermo-Electric Alloys since 1908 
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Introducing into the world community 

of servomotors, 

Sizes-18, -15, -11, and-10 

a-c servomotors, 
one family of the many manufactured 

by KIRYU EIKOSHA of Japan. 

Foremost in accuracy, 
size and ruggedness... 

High-Efficiency Servomotor 

Seftettat Aetéenweage.e, 

cedaftectedary cued eco#easeey 

7de '74.nee Deem Pattaffleeet4 
If it is instrument mechanism, look for KIRYU 
EIKOSHA's production lists. Finished and semi-
finished products are manufactured to meet the 
customer's need, standard or special. 

For detailed specifications and drawings, 
write to: 

KIRYU EIKOSHA 
Company, Ltd. 

Head Office: 7, Kanda•Mitoshiro-cho, Chiyoda-
kg, Tokyo, Japan. 

K,yu Factory: 93, 3-chome, Aioi•cho, Kiryu City. 
Gonna Pref., Japan 

Overseas Sole Agent 

ASO' NEW YORK, Inc. 
19, Rector St., New York 6, N.Y. 

Telephone: HAnover 2-8435 
Cable Address: ASAHISUN NEW YORK 

San Francisco Branch 
400 Montogomery St.. San Francisco 4, Calif. 

Telephone: EXbrook 7-5770, 1, 2, 3 
Cable Adddress: ASAHISUN SAN FRANCISCO 

Los Angeles Branch 
408 South Spring St., Los Angeles 15. Calif. 

Telephone: MAdison 4-1244, 5, 6 
Cable Address: ASAHISUN LOS ANGELES 

SERVO MOTOR • TACHOMETER GENERATOR 
SERVO-MOTOR GENERATOR • POWER ACTOR 
SYNCHRONOUS MOTOR • INDUCTION MOTOR 

540B transfer oscillator. Its maxi-
mum input power is 100 mw, and 
its minimum video output is 0.1 mv 
rms with 0 dbm input. Model 934A 
operates from 1,000 to 12,400 Mc. 
It offers the same advantages as the 
932A. Its maximum input power 
is 100 mw, and its typical sensi-
tivity is —45 dbm at the mid-range 
points. The 932A is priced at $250; 
the 924A, at $150. 
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Plastic Case Pots 
MEET MIL SPECS 

WATERS MFG., INC., Wayland, Mass., 
introduces a in. plastic case pot 
completely meeting MIL-R-19A and 
MIL-R-19/1A specifications. 0-ring 
shaft seal and complete internal 
sealing virtually eliminate humid-
ity, salt spray and similar environ-
mental problems. Provides the 
same protection as encapsulation in 
less space. Resistance range (ohms) 
± 5 percent, 1 to 20,000. Electrical 
and functional rotation, 355 deg 
without stops; 300 deg with stops. 
Dissipates 1.5 w at 40 C. Torque, 
0.3 to 6 oz/in. Weight, 0.02 lb. 
Available with split bushings or 
plain bushings, in. or f in. in 
diameter. 
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Damping Diode 
FOR TV RECEIVERS 

WESTINGIIOUSE ELECTRIC CORP., P. 0. 
Box 284, Elmira, N. Y. Type 6CQ4 
damping diode, for use in hori-

fas itching 
circuits...specify 

ftJj 

IF( • •••• 
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• fast speed • high breakdown voltage • electrical uniformity 
• excellent stability • exceptional reliability 

...outstanding features of 

SYLVANIA DRIFT 

Îil 
uit for Evaluating Pert arman 

2N645 Drift Transistors in Switching Service with Resultant Da 

Hq. Relay 1 60 cps. 

II 

—5V 

Time in muSec. Characteristics 

Delay time t,,    30-40 

Rise time t,   10-20 

Storage time t, 120-380 

Fall time ti.•   10-20 

Turn on (typical)  60 

Turn off (typical)  260 

*Estimated— rise time and fall time observed in same order as rise time of 'scope. 

TRANSISTORS 
...in switching service! 

The relatively low base resistance and col-
lector capacitance and the high gain band-
width products that characterize SYLVANIA 
DRIFT TRANSISTORS make them espe-
cially well-suited to high-speed switching 
service in electronic computer applications. 

Tight guard bands and stringent processing 
and materials controls assure a high degree 
of electrical uniformity. Welded seals and 
continuous life-tests for every "lot" assure 
extraordinary capabilities under rugged 
environmental conditions. 

Prices and delivery information are available 
now at your local Sylvania Field Office or 
your local Sylvania franchised Semiconductor 
Distributor. For technical data write Semi-
conductor Division, Sylvania Electric 
Products Inc., Dept. 229, Woburn, Mass. 

OUTSTANDING FEATURES OF 
KEY SYLVANIA DRIFT TRANSISTORS 

2N602  10 Mc (min.) gain bandwidth product 
2N603 30 Mc (min.) gain bandwidth product 
2N604 50 Mc (min.) gain bandwidth product 
2N624 20 db pwr gain (min.) at 12.5 Mc. Meets all 

requirements of MIL-T-19500/82 
(SigCorps) 

2N643 20 Mc (min.) gain bandwidth product 
2N644 40 Mc (min.) gain bandwidth product 
2N645 60 Mc (min.) gain bandwidth product 
2N1224 17 db pwr gain (min.) at 12.5 Mc 
2N1225 15 db pwr gain (min.) at 50 Mc 
2N1226  60 Volts Veu version of 2N1224 

SYI _JVAN IA 
Subsidiary or GENERAL TELEPHONE SEIECTRONICSe 
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LET'S PLUG 
FOR BETTER TESTING WITH EECo'S TEST SOCKETS 
Now all header-terminal components 
automatically become plug-in devices 
for test and evaluation, when you test 
solder-terminal relays, transformers, 
crystal cans, etc., with the new EECo 
universal test socket series. 

Dual, isolated contacts for each ter-
minal on header eliminates solder 
joints or clip leads. 

Many standard configurations avail-
able ,immediate delivery. New tech-
niques make special sockets available 
at standard socket prices. 

AS-Series Test Sockets 

EECo RI-905 RELAY TESTER for faster, more ac-
curate testing. Measures voltage and current simultane-
ously, both pull-in and drop-out time, contact bounce. 
Automatic relay driving circuitry. Oscilloscope connec-
tions and circuitry. 

SEND FOR DATA SHEETS AS-101 ANS RI-905. 
Anaheim Electronics Division 

Electronic Engineering Company of California 
1601 East Chestnut Avenue • Santa Ana, Calif. • Kimberly 7-5501 • TWX: S Ana 5263 

EE 0-13 
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you save 50% on Top-Qualify 
Test Instruments 

Hi -Fi • Ham Gear 

KITS AND WIRED 
for professional and home use 

TEST INSTRUMENTS 
battery eliminators 
battery testers 
bridges 
deçade boxes 
electronic switch 
flyback tester 
oscilloscopes 
probes 
signal and 

sweep generators 
tube testers 
transistor tester 
vacuum tube 

voltmeters 
volt-ohm-

milliammeters 

LIFETIME service and calibration guarantee. 
IN STOCK at your neighborhood EICO dealer. 

Send now for FREE catalog E-9 

HI-Fl 
stereo and monaural 
tuners 
preamplifiers 
power amplifiers 
integrated amplifiers 
speaker systems 

HAM GEAR 
cw transmitter 
modulator-driver 
grid dip meter 

OVER 2 MILLION 
EICO instruments in 
use throughout 
the world. 

33-00 N. Blvd., L. I. C 1, N. Y. 

... praised by the experts 
as BEST BUYS IN ELECTRONIC 

0 LECIRONIC INSTO. co.. INC 

D'C) '01,1201V[ICUI 
&)1111G?cD. PokaggLU J0t70 

zontal deflection circuits of tv re-
ceivers, is rated at 5,500 y (peak) 
and 190 ma (average plate cur-
rent). Plate dissipation is conserva-
tively rated at 6.5 w. Low tube 
drop (25 y at 250 ma) permits use 
of the 6CQ4 both in low B-plus and 
wide-deflection-angle circuits. The 
heater is rated at 6.3 y and 1.6 am-
peres. Design features contributing 
to the tube's high ratings are: a 
glass-ring plate suspension which 
eliminates mica arc over; a me-
chanically anchored spiral insulator 
between heater and cathode which 
permits higher heater-to-cathode 
voltage ratings than conventional 
cemented assemblies; and a new h-v 
tube base in which base pins are 
mounted in wells to increase be-
tween-pin insulation. 
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Converter Series 
SOLID STATE 

SPECTROL ELECTRONICS CORP., 1704 
South Del Mar Ave., San Gabriel, 
Calif., has available a series of 
transistorized converters utilizing 
printed circuitry. The Transidyne 
converters are static type power 
sources designed to replace motor 
generator and vibrator type devices 
for the conversion of d-e input volt-
ages to d-e outputs of different volt-
age levels. There are 15 standard 
models in the 763 series, varying in 
output voltage from 10 to 150 
d-c with a nominal 28 y d-c input. 
Size is 2.ï in. wide by 3 in. high 
by 5 in. long overall. A protected 
screwdriver adjustment allows -± 5 
percent output voltage adjustment. 
Other standard specifications: max-
imum output power, 75 w; maxi-
mum output current, 4.0 amperes; 
maximum ripple, 20 my rms; regu-
lation, 0.1 percent; maximum 
weight, 2 lb; operating tempera-
tures, — 55 C to 71 C. Price for 
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, 
single units is approximately $300 
depending on model. 
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R-F Amplifier Tubes 
SUBMINIATURE 

RAYTHEON co., 55 Chapel St., New-

ton, Mass. Two subminiature 

pentode r-f amplifier tubes feature 

very high transconductance with 

low heater power. The CK6611 has 

a mutual conductance of 1,000 

µmhos at a filament power of only 

25 mw (20 ma at 1.25 v). The 

CK6612 has a mutual conductance 

of 3,000 µmhos at a filament power 

of only 100 mw (80 ma at 1.25 ‘7). 
Both have a maximum d-c plate 

voltage of 30. Using a multiple 

strand, high-temperature filament 

instead of a single filament, the 

tubes have an operating lifetime 

of more than 5,000 hr. A combina-

tion of high input impedance, low 

grid current, decreased size and 

weight, plus an integral metallic 

silver shield, make them ideal for 

all types of portable communica-

tions devices. Each measures only 
1.5 in. by 0.285 in. 
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Capacitors 
METALLIZED PAPER 

ELECTRON PRODUCTS, 430 North Hal-

stead St., Pasadena, Calif., an-

nounces production of new ME and 

WE series, subminiature, metal-

• 

gi• 

# 4 

, TOMORR 
CONTROL 

e » DEVICE 
AVAILABLE 
N 

Optimum design for practically any power con-
trol application from watts to kilowatts! Minia-
ture, all-semiconductor SCR servo amplifiers* 
developed by General Electronic Control, Inc. 
now make it possible! 

Thousands of different control amplifiers for ap-
plications requiring rapid, precise proportionate 
control! Individual circuit modules are light, 
small and easy to combine. New Silicon Con-
trolled Rectifiers (SCR's) make units versatile, 
efficient. 

Modules meet military shock, vibration and envi-
ronmental requirements—are particularly suited 
for use in ground support equipment, rockets, 
missiles, telemetry and other 400 cycle applica-
tions requiring high reliability. 

Typical 60 cycle industrial applications: AC and 
DC motor controls, light and brightness controls, 
temperature controls, welding equipment and 
power supplies. 

For Bulletin 6067 giving advance technical in-
formation write, wire or 
phone to G.E.C., Appli-
cation Engineering De-
partment. 

;rnie 
Patents Pending 

Of/VERAZ EZECTRON/C CONTROL. //VC. 

8001 Bloomington Freeway • Minneapolis 20, Minnesota • nixed() 8-55:: 
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• speeds up to 2000 turns per minute 

• 4-digit, 2- or 7- position predetermined counting 

BOESCH 
electronically 
controlled 
toroidal winder 

The entirely NEW electronic system of the TW 300 provides un-
matched features in a toroidal winder . . . proximity pick-up for use 
with any size wire without physical contact . . . 100% accurate turns 
counting . . . controlled slow-start, slow-stop driving motor . . . auto-
matic segmental winding with perfect repeatability . . . progressive 
winding of segments or continuous coils in either direction. 

The TW 300, designed for easy servicing and maintenance, cuts pro-
duction time and operator fatigue to the bone. Flexibility in production 
of new coil types with superior electrical characteristics is unlimited 
because of the new control system with automatic winding features. 
This machine is a significant advance toward complete automation of 
toroidal winding. 

WRITE FOR COMPLETE DATA 

,BOESCH 

BOESCH MANUFACTURING 

COMPANY, INCORPORATED 

DANBURY, CONNECTICUT 

lized paper capacitors. Series ME, 
designed for use in d-c circuitry, 
are vacuum epoxy-impregnated 
and sealed in epoxy case. Operating 
temperature is —55 to + 125 C. 
Capacitance values are from 0.001 
to 2.0 g. Series WE, for use in 
a-c or d-c circuits, are vacuum 
wax-impregnated and have an oper-
ating temperature range of — 55 
to + 85 C. Capacitance values are 
from 0.001 to 1.5 gf. Both series 
are available in 100, 200, 400 and 
600 vdcw ratings. Standard toler-
ance is ± 20 percent with tighter 
tolerances to order. Units meet or 
exceed most military environmental 
specifications. 
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Transformers 
MINIATURIZED 

ARCO ELECTRONICS INC., 64 White 
St., New York 13, N. Y. New line 
of miniaturized aTTom transistor 
transformers (type TT) consists of 
47 standard values. They are 
molded for conformance with MIL-
T-27A, Grade 5, Class R for alti-
tudes up to 50,000 ft. Units have 
excellent response load distortion 
and very high power capabilities. 
Valuable chassis space is not taken 
up with bulky clamps. One inch long 
hard drawn copper-tinned leads al-
low for direct printed circuit 
mounting. Designs cover practically 
all applications: interstage, output, 
input, single or push-pull output, 
reactors, line to base, collector to 
base or line, collector to speaker, 
and reversible-input to secondary. 
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Triode Oscillator 
FOR C-BAND 

JOHN GOMBOS CO., INC., Webro Road, 
Clifton, N. J. Model 101C is con-
tinuously tunable in 500 Mc steps 
from 4,200 Mc to 6,000 Mc, is only 
9 oz in weight, offers stability at 20 
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1 o Mc COUNTER 
does everything without plug-ins 

83/4 " 

MODEL 7370 

CT1ON 

R 11 TEST PE PER 13x,) 

SCAN 

E/UTx410 

COUNT—E 

_ 

c e 

.0 iîk's 
t, 

ir 

OFF 

.z,gkceboC(.,-

i3TO e 
ee • Go 

Add this heterodyne unit (Model Or add this computing transfer 
7570 Series) to measure frequen- oscillator (Model 7580) to get a 
cies up to 1000Mc. counter display of frequencies up 

to 15,000Mc. 

Complete specifications on Models 7370, 7570 and 7580 will be sent on request. 

T2I 

COUNT 

Frequency counting to 10Mc with 0.1v sensitivity 

Period measurements in O. 1psec units 

TIME 

2-channel time interval measurements 

TIME 

Phase difference measurements 

,, 

  COUNT 

Frequency ratio measurements 

Beckman/ Berkeley Division 
..'00 Wright Avenue, Richmond 3, California 

a division of Beckman Instruments, Inc. 
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COMPACT 
AiResearch 
60 cycle 
Actuators for 

Inexpensive, lightweight 
60 cycle motor driven actuators 
with integral magnetic brakes* are 
now being manufactured by 
AiResearch for ground radar, 
ground support and shipboard use. 

Unequalled in 60 cycle perform-
ance, these extremely compact, 
lightweight actuators range from 
fractional hp motor size up to any 
desired hp in single phase, two 
phase and three phase design for a 
wide variety of applications. 
The above-pictured actuator is 

used in a ground radar system. It 
is driven by a single phase 60 cycle 
ac fractional hp electric motor 
and can be furnished with a feed-
back potentiometer for use in servo 
applications. The entire unit weighs 
only 21/2  lb. and is rated at 200 lb. 
operating load. 

OTHER ELECTROMECHANICAL 
COMPONENTS AND SYSTEMS 

A C and D C Motors, Generators and 
Controls • Static Inverters and Con-
verters • Linear and Rotary Actuators • 
Power Servos • Hoists • Temperature 
and Positioning Controls • Sensors • 
Programmers • Missile Launchers • 
Radar Positioners • Power Supplies • 
Williamsgrip Connectors 

Your inquiries are invited. 

* patented 60 cycle 
operated magnetic brake 

THE CORPORATION 

4034 ,, 

eliPesearch Manufacturing Division 
Los Angeles 45, California 

g's, and simplifies power problems 
since only a plate voltage of 175 y 
and 6.3 sr for filaments are required. 
This oscillator serves as a general 
purpose member of a family of os-
cillators designed around the Gen-
eral Electric GL-5139 ceramic tri-
ode. Model 101C has applications as 
local oscillators, c-w signal sources 
and drivers for crystal harmonic 
generators. 
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Conductive Plastic Pot 
LINEAR MOTION 

NEW ENGLAND INSTRUMENT CO., INC., 

1334 Main St., Waltham, Mass. 
The potentiometer element of the 
model 34LP linear motion, infinite 
resolution unit is made of conduc-
tive plastic material allowing the 
unit to operate in excess of 25 mil-
lion cycles. The case, approximately 
11 in. long, is constructed of black 
anodized aluminum; the stainless 
steel shaft is supported on bronze 
bushings at each end. Standard 
design is supplied with Teflon insu-
lated leads coded for identification. 
Terminals can be mounted on case 
by special order and resistance 
values of from 50 ohms to 1 meg-
ohm can be supplied. This long life 
unit will meet rigid military speci-
fications. 
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Tiny Power Resistor 
MEETS MIL-R-18546B 

DALE PRODUCTS, INC., Box 136, Co-
lumbus, Neb. Type RH-5 wire 
wound, precision power resistor is 
specifically designed to meet prob-
lems where power and heat dissipa-
tion problems. are complicated by 
miniaturization requirements. The 
5-watt resistor, which is sealed in 

C) 
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1. 

2. 

3. 

4. 

THE FASTEST 2N697 AVAILABLE! 
Nearly half the collector saturation voltage... half the leakage current... 
half the collector capacitance . . . 40% greater power dissipation! 

COMPARE THESE 
OUTSTANDING FEATURES 

OF THE PSI 2N697! 

Nine out of ten PSI type 2N697 
transistors meet these premium 
specifications. Guaranteed 100% 
shipment to the higher specifica-
tions will be made when the buyer 
specifies PSI type PT 822 premium 
grade. 
Many of these "plus character-

istics" are also featured in the PSI 
2N696 . . . ideally suited for the de-
signer not requiring the high gain 
performance of the PT822. 

MAXIMUM RATINGS 

,,,,, cm RECISTFRED 
"n"1"" 

PSI 
PREMIUM 

SPECIFICATION 
UNIT TEST CONDITION % 

IMPROVEMENT 

Van 40 50 Volts It.. = 10fi 25% Higher 

VCII0 60 80 Volts Ic.0 = 100 µA 33% Higher 

Vilo 5 8 Volts I... — 100 ...A 60% Higher 

Power 
Dissipation 2 2.8 Watts 25°C Case Temp 40% Higher 

Power 
Dissipation 0.6 0.8 Watts 25°C Ambient Temp 33% Higher 

lc.° 
1.0 

100 
0.5 

50 
pit 
..A 

Vc. — 30V, T = 25°C 
Vc. = 30V, T — 150°C 50% Decrease 

V.E(SAT) 1.3 1.3 Volts lc — 150mA, I. = 15mA   

Vc.(SAT) 1.5 0.8 Volts lc — 150mA, I. = 15mA 47% Decrease 

hFF 40-120 40-120 -- VCE = 10V, lc = 150mA   

11,,, 2.5 min 7.0 min --- VcÉ -- 101/' IC — 5° mA f = 20mc 280% Increase 

Cob 35 18 l'e f Vc° = 10V, 1,— 0 
f = 140 kc 

48% Decrease 

HIGH SPEED SWITCH TYPES - 2N1409 - 2N1410 
Typical switching speed of 52 nanosec turn-on 
time and 130 nanosec turn-off . . . saturation re-
sistance of only 5 ohms and power ratings of 2.8 
watts (25°C case temp.) For use in low current 
logic or high current core-driver circuitry. 

2N1410 

TRANSISTOR CORE FLIP-FLOP 

HIGH VERSATILITY TYPES - 2N1335 thru 2N1341 
The higher power dissipation, faster rise time and 
lower collector capacitance of the 2N1337, for 
example, makes this transistor an unusually fine 
performer in advanced video amplifier circuits. 
These 2.8 watt, 120 volt VHF transistors are 

well suited to IF and DC amplifiers, RF power 
amplifiers and oscillators and to high voltage 
switching applications. 

2N1410 

7 

TEN MC BANDWIDTH. HIGH VOLTAGE VIDEO AMPLIFIER 

COMMUNICATION TYPES - 2N1505 - 2N1506 
This series of silicon mesa transistors provides 
high power output at Very High Frequencies. 
Typical power outputs are one-half watt at 200 
mc with 3 db gain or one watt at 70 mc with 12 
db power gain operating from 28V source. 
A power output of 2.5 watts at 250 mc. may 

be obtained by using these transistors with a 
High-Q Varicap® frequency multiplier. 
VARICAP" IS THE REGISTERED TRADEMARK OF SILICON VOLTAGE VARIABLE CAPACITORS 

MANUFACTURED BY PACIFIC SEMICONDUCTORS, INC. 

CALL ANY PSI SALES OFFICE FOR FULL DETAILS AND FAST DELIVERY SCHEDULES! 

GROUNDED COLLECTOR COMMON EMITTER RF AMPLI-

FIER PROVIDES UNIQUE COMBINATION OF HIGH GAIN 

AND HIGH POWER. 

Pacific Semiconductors, Inc. 
A SUBSIDIARY OF THOMPSON RAMO WOOLDRIDGE INC. 

September 30, 1960 

12955 CHADRON AVENUE • HAWTHORNE, CALIFORNIA 
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Dan 
Mindheim 
is a 
Realist 

... he DREW THE LINE at 1MC! 
The most difficult task facing 

an engineering executive is to 
strike a sensible compromise be-
tween the ambitions of his devel-
opment staff and the needs of 
the market. No one knows that 
better than Dan Mindheim, Presi-
dent of TSI. Twelve years of prod-
uct development (including nine 
major patents) give him the de-
signer's point of view — but ten 
years of management experience 
temper that attitude. 

In determining the specifica-
tions for our Model 361 
solid-state APTIo-METER,* for ex-
ample, he drew the line at 1MC. 
"95% of all counter-timer appli-
cations fall below 1MC," he said. 
"Let's concentrate on optimizing 
flexibility, reliability, and portabil-
ity. That's what engineers want— 
at a sensible price." 

42» 

Dan was right. The 361 is sell-
ing like . . . well, like the world's 
best solid-state 1MC Counter-
Timer, which it is. Frankly, we're 
hard-pressed to maintain 30-day 
delivery. The same for its 31/2 " 
rack twin, the 361-R. 

Care to add to our production 
headaches? Send for the APTI8-
METER bulletin. Buy a few — 
our development group will for-
give you. 

*APTIO-METER is our registered 
trade-mark for an ACTIONS-
PER-TIME-INTERVAL meter. 
Model 361 counts from 0-1MC, 
has 0.3ppmlweele stability, IN-
LINE NIXIE READOUT, and 
identical-twin, high-impedance, 
high sensitivity amplifiers. Un-
believable versatility, light as a 
feather, tiny, yet the sensible-
compromise price is only $1645. 

TRANSISTOR 
SPECIALTIES 
INCORPORATED 

Sophisticated Digital Instrumentation 
TERMINAL DRIVE, PLAINVIEW, NEW YORK • WELLS 5-8700 

silicone and inserted in a radiator 
finned aluminum housing is im-
pervious to moisture and salt spray. 
It measures 0.600 by 0.0334 in.; 
has a resistance range from 0.5 ohm 
to 20 K ohms. Tolerance range 
is 0.05 percent, 0.1 percent. 0.25 
percent, 0.5 percent, 1 percent and 
3 percent, Temperature coefficient 
is 0.00002/deg C. Maximum operat-
ing temperature is 275 C. When 
mounted on a heat sink, it is rated 
at full power up to 100 C, derating 
to 0 at 275 C. Free air rating is full 
power up to 25 C, derating to 0 at 
275 C. 
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Pulse Transformers 
PRE-MOLDED CASE 

SPRAGUE ELECTRIC CO., 35 Marshall 
St., North Adams, Mass. "Slabbed" 
circle cases for pulse transformers 
have been specifically designed for 
ease of manufacture in the new 
type 32Z pulse transformer series. 
The pre-molded shell offers a means 
of anchoring leads and quickly in-
serting transformer windings, sold-
ering the external leads to the 
ends of the windings, and pouring 
the encapsulating material so that 
sample transformers for bread-
board circuitry are produced 
quickly and economically. Later, 
more compact designs in other 
shapes can be developed for the 
finished equipment subassemblies. 
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Wirewound Pots 
GANGABLE 

DAYSTROM, I NC., Pacific Division, 
9320 Lincoln Blvd., Los Angeles 45, 
Calif. The 319 series of miniature 
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wirewound gangable potentiometers 
are but 4 in. in diameter and less 
than in. high per ganged section. 
They are now available in stainless 
steel (servo) or aluminum (panel) 
versions and are gangable within a 
resistance range of 100 ohms to 
200 K ohms. The problems of phas-
ing are solved by a unique adjust-
ment method that positions each 
wiper independently throughout a 
full 360 deg. Rugged, molded high-
temperature plastic cups with 
metallic details provide great me-
chanical strength under environ-
mental extremes. Because no clamp-
ing rings are needed for ganging 
these units, the 319 series are said 
to provide substantially increased 
stability over conventional pot de-
sign , 

CIRCLE 335 ON READER SERVICE CARD 

Portable Scope 
HIGH WRITING SPEED 

THE SCOPES CO., INC., P. 0. Box 56, 
Monsey, N. Y. Model S42 uses a 
new 4 in. crt with extremely fine 
focus. Operating at 3.7 Kv, bright-
ness is such that a 1 esec "single 
shot" pulse can be seen and photo-
graphed. Balanced low-drift ampli-
fiers have bandwidth of d-c to 6 Mc 
up to 100 mv/cm and a high gain 
facility gives 10 mv/cm sensitivity 
with bandwidth limited to 500 Kc. 
Features include time and voltage 
calibration with built-in squarewave 
calibrator, automatic sync and se-
lective triggering, 9-position fre-
quency compensated attenuator and 
18 speed time base with X 10 expan-
sion giving maximum speed of 0.1 
esec/cm. Unit's high writing speed 
and accurate calibration make it 
especially suitable for design and 
maintenance work on computers and 

C 

HIRTEEN 

NDISPENSABLE 

HARACTERISTICS 

FOR Precision  

rn 
PRECISION SERVO 

POTENTIOMETERS 

HAVE ALL 

13 FEATURES 

Your Assurance 
of Superior System 

Performance 

A few of the many applications of 
TIC Precision Servo Potentiometers 

are as input-output transducers 
in servo systems for airborne 

navigation and flight control, fire 

control, fuel control, shipboard gun 

directors, missile aiming and flight 

control, analog computing, air 
traffic control and telemetering. 

TIC Precision Servo Potentiometers 

are available in 21 types with 
diameters from %' to 3', giving 

design engineers a wide range from 
which to select. Included are 

single and multi-turn types with 
either wirewound or infinite 

resolution metallic film resistance 

elements, as well as types designed 
for ganging without a shaft. 

And TIC Precision Servo 
Potentiometers are engineered to 

withstand the severe environmental 

conditions imposed by military 
equipment operation. 

SERVO POTS 

1 High Reliability 

2 Low Torque 

3 High Accuracy 

4 Low Inertia 

5 High Resolution (or 
Infinite in Film Type) 

6 Wide Resistance 
Range 

7 Low Phase Shift 
Over Wide 

Frequency Range 

8 Low Noise Level 

9 Highly.Precise Non 
Linear Functions 

10 Can Be Ganged 

II Long Life 

12 Close Mechanical 

Tolerances 

13 Withstand Extreme 
Environmental 

Conditions 

Write or call 
for this new catalog 

on the TIC line 
of Precision 

Potentiometers - 
the most complete 
line on the market. 

TECHNOLOGY INSTRUMENT CORP. 

569 MAIN STREET, ACTON, MASS. 

BUBSIDIARIES: ACTON LABORATORIES. INC., ACTON, MASS. • ALTOMAC CORP.. CANTON. MASS. 
TECHNOLOGY INSTRUMENT CORP. OF ARIZONA, TUCSON, ARIZ. 

TECHNOLOGY INSTRUMENT CORP. OF ILLINOIS, FRANKLIN PARK, ILL 
TECHNOLOGY INSTRUMENT CORP. OF CALIFORNIA, NEWBURY PARK, CALIF. 

Type laTR - encapsu-
lated contact patented 
Menial. ultra •rellable, 
long rie por entiometera. 

PURI 5 

Type PVP new. com 
plete fine of low torque 
high accuracy, perform. 
unce proved, servo type 
prelim potentiome 
ters 

MIOTO9 

Type MIOTO9 mull, 
turn 5. 10 turn 
Yupty accurate pre 
apron potentrometers 

C 

Type C10.09 —10 turn, 
may be ganged. 

IIVBC2 

Tyne RVI302 unitited 
constroctron for de 
velomnent work 

Pl 1/4 

Type P — low cost. 
commercial grade, pre 
croon potentiometers 
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actual size 

BRISTOL 

chopper 

helps put 

Navy 

TARTAR on 
target 

1,.1011111 1 

... Every component in the U.S. Navy's 
TARTAR, newest supersonic surface-to-
air guided missile must meet the highest 
standards for statistical reliability. 

No exception is the Bristol Syncroverter* 
chopper used in the TARTAR's guidance 
system. The TARTAR, produced for the 
Bureau of Naval Weapons by Convair 
(Pomona) Division of General Dynamics 
Corporation, is slated to form the 
primary antiaircraft weapon aboard 
destroyers and secondary antiaircraft 
batteries aboard cruisers. 

The Bristol Syncroverter chopper has a 
long history as a component in U.S. 
guided missiles. It's the ideal miniature 
electromechanical chopper for use in 
d-c analog computers or wherever 
utmost reliability is required. 

BILLIONS OF OPERATIONS have been 
completed without a failure on Bristol's 
continuing life tests—aimed at improving 
the Syncroverter's already superlative 
characteristics. Just one sample: A 
group of five choppers, with 400 cps drive 
and 12v, 1 ma resistive contact load 
have been going for more than 26,000 
hours without failure. That's more than 
2.96 years continuous operation or 
more than 37 billion complete cycles! 

No matter what your chopper require-
ments, we're sure you can find the model 
you need among the wide selection 
of Syncroverter choppers and high-speed 
relays available ... including low-noise, 
external coil types. For complete data, 
write: The Bristol Company, Aircraft 
Equipment Division, 150 Bristol Road, 
Waterbury 20, Conn. 015 

*TM. Reg. U.S. Pat. Off. 

BRISTOL FINE PRECISION 
INSTRUMENTS FOR OVER SEVENTY YEARS 

other systems using fast, low-prf 
pulses. 
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Bandpass Filters 
VARIABLE UNITS 

AD-YU ELECTRONICS LAB., INC., 249-
259 Terhune Ave., Passaic, N. J. 
Type A103 is a continuously vari-
able bandpass filter now available 
in audio frequency without vacuum 
tubes, transistors, or power supply. 
A matched pair of these filters, with 
both attenuation and phase charac-
teristics identically equal, can be 
supplied on request. They are espe-
cially suitable for purifying dis-
torted signals, for precision meas-
urement of phase angle, or ampli-
tude ratio, since identical phase 
shift and attenuation in both input 
channels will not contribute error 
in both phase and ratio measure-
ment. Features of the unit include: 
The center frequency can be ad-
justed continuously over one decade. 
High input impedance presents 
negligible loading effect to signal 
source. Unit selects fundamental 
component from distorted signal 
with more than 40 db attenuation 
for harmonics and noise. Complete 
specifications are available. 
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Solderless Terminal 
RELIABLE DEVICE 

VECTOR ELECTRONIC CO., INC., 1100 
Flower St., Glendale 1, N. Y., has re-
leased a new terminal especially for 
experimental circuitry. The T-30 
Solderless Springclip holds up to 
six leads without soldering and mai" 
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EEKESSH 
CABLE CLIPS 

for high heat or 
other severe 
conditions 

Atjk Catenf, , 

for maximum economy 
in average conditions 

Light weight, strong, chemically resistant. 
No short circuits, no grounds, no 
corrosion, no rust. Only one fastener needed. 

Sizes to 11/4  inches. Write for free 
samples and price sheet. 

See Us at Booth 416—NEC Show—Chicago 

WECKESSER COMPANY 
5701 NORTHWEST HWY., CHICAGO 46, III. 
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DELTASWITCH 
A HIGH SPEED MERCURY 
COMMUTATING SWITCH 

Centrifugal 
Pump 

Mercury 
Sump 

PATENTED 

NO "CONTACT BOUNCE" 
LOW NOISE LEVEL 
HIGH SAMPLING RATE 
ONLY MAINTENANCE-CLEANING 

Nozzle 

Contacts 

The DELTASWITCH is 
ique commutating 
in which a jet of 

ry replaces the con-
ventional wiper arm. Send 
for more details. Ask for 
Catalog ATL-19. 

fiDVHC[D /ex/wee...099 ifIBORIITORM 
A DIVISION OF AMERICAN andard 

DEPT. .AEI 369 Whisman Road, Mountain \ iow, California 
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ALLIED CONTROL'S 

NEW 
Polarized 
Magnetic 
LATCHING 

Relay 

.8Y0 
MAX 

Allied Type JP Relay 
Weight: 0.6 ounces 

Actual Size 

The inherent vibration and shock resistance and high 
sensitivity of Allied's Type JP Permanent Magnet 
Polarized Latching Relay, combined with its ability 
to operate from a short .pulse and remain operated 
without holding power, make it suitable for all 
phases of Aerospace applications. 

Because of its latching feature and availability with 
single or double coils, it is also suitable as a logic or 
memory switching element in computers and data 
processing applications. 

OPERATING CONDITIONS: 

Vibration:5 to 55 cps at 0.195 inch double ampli-
tude • 55 to 2000 cps at a constant 30g 

Shock : 100g operational 

Sensitivity: JP (single coil) 115 milliwatt maximum 
transfer power • JPA-JPB (double coil) 230 milliwatt 
maximum transfer power 

Contact Rating: Non-inductive-2 amperes at 
29 volts d-c or 1 ampere at 115 volts a-c 
Low level contacts are available on request 

19 ALLIED CONTROL 19 
ALLIED CONTROL COMPANY. INC. 

2 EAST END AVENUE, NEW YORK 21, N. Y. AL 10D 
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TIME 
TEAM 

I I I temzeuEseatit :,efiageetiïeerame_ 
, 

ZA-801 BCD OUTPUT (24-BIT) - 
Time-of-day code output (24-hour recy-
cling) and any 2 of 8 pulse rates. $7,650. 

ZA-803 BCD OUTPUT (20-BIT)  $7,925 

HOW EECo'S ALL-STAR LINEUP 
OF TIME CODE GENERATORS 
WINS ON EVERY POINT 
Look at these unparalleled advantages 
offered by EECo Time Code Generators! 
Frequency stability, 3 parts in 108, based 
on extremely stable crystal oscillator. 
100% plug-in circuits to keep generator 
working for you day in and day out. Emit-
ter-follower low-impedance outputs for 
long-distance transmission. Wider operat-
ing-temperature stability. Operable from 
aircraft power. Provision for external fre-
quency standard. Human-engineered. 
Check it all out and you must choose EECo! 

ZA-810 100 PPS CODE (36-BIT) 
ZA-810-M1 IRIG TYPE C (23-BIT 2-PPS CODE) 

ZA-802 BINARY OUTPUT. (1.7-BIT) Day-of-year plus time-of-day. Proposed Inter-
Time-of-day code output (24-hour recy- Range Instrumentation Group formats. ZA-810 
cling) and any 2 of 8 pulse rates. $7,050. used by NBS on WWV. Either model, $11,180. 

SEND FOR TIME CODE GENERATOR FILE 301 

Electronic Engineering Company of California 
1601 East Chestnut Avenue • Santa Ana, California • Kimberly 7.5501 • TWX: S ANA 5263 

Produced in co-operation 
with Norden Division, 

United Aircraft Corporation. 

EE 0-14 
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in a small package! 

Where accurate ongle measurement 
is vital, the job calls for Colorado 
Research Corporation's High 
Precision Angle Encoding System. 
now available in a 150-pound 
system designed for aircraft use. 
Precision measurement to within 3.6 
seconds of arc is provided by the 
standard BRL system Model SE-I IA; 
other encoders, including pure 
binary to 2'9 , may be tailored to 
your specifications. 

Applications: 
Missile launching Radar ontennas 
Tracking telescopes Mechanical positioning 
Stable platforms Gyro test stands 

For the answer to your angle measuring 
problems, write Department A of: 

COLORADO RESEARCH Corporation 
BROOMFIELD. COLORADO   Tclephonr, DENVER—HArrisou 9.350 t 

be used over and over. No staking 
is required, and Springclips fit 
any round 0.093 in. hole. Contact 
resistance between leads and the 
terminal is less than 0.003 ohm due 
to silver plating on the terminal 
and the unusual spring-clip holding 

Solderless Springclips are 
sold in sacks of 10 and 100 or in 
bulk. Available immediately from 
stock. 
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Slip Ring Assembly 
1 TO 32 RINGS 

FABRICAST, INC., 9835 E. Alpaca St., 
South El Monte, Calif. The stand-
ard slip ring assembly shown can be 

furnished with any number of rings 
from 1 to 32. Existing modular 
tooling permits rapid delivery with-
out tool charges. Unit shown has 
an i-d of 21 in. and an o-d of 3 in. 
and features double silver graphite 
brushes, hard coin silver rings and 
shielded leads internally grounded. 
It is engineered to handle instru-
mentation circuits at extremely low 
noise levels and is one of a line of 
standard slip ring assemblies manu-
factured by the company. 
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Servo Amplifier 
SMALL SIZE 

WESTAMP INC., 11277 Massachusetts 
Ave., Los Angeles 25, Calif. Model 
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11 Am& 

tee% 

AEROVOX Pr 17,1-seree' CAPACITORS 
Now . . . get all the advantages of metal-case con-
struction in a lightweight, attractive plastic "Polycap" 
case that offers exceptional humidity resistant char-
acteristics and prolonged capacitor life. 

Exclusive "Polycap" cases provide capacitors 
completely free of overall wax coatings and conse-
quently no annoying and unsightly lumps, bumps 
and humps. Uniform in size and appearance means 
faster and more efficient handling in automatic 
insertion equipment. 

Most important . . . "Polycap" case construction 
is available to you on many Aerovox capacitor types 
at prices no higher than inferior conventional type 
units. "Polyc.ap" capaci:ors have established new 
standards of reliability, performance and appear-
ance throughout the industry. Why not investigate 
these advantages today. Write for complete technical 
details. 

AVAILABLE IN THE FOLLOWING TYPES 

PAPER TUBULARS . . . P161N 
units with electrical and per-
formance characteristics su-
perior to conventional molded 
tubulars. Available in a com-
plete range of voltage and 
capacitance ratings and in 
radial lead construction by 
specifying P159N. 

MYLAR* TUBULARS . . .V161 
units for wide application in 
premium priced commercial 
and military equipments. 
Operating temperature range 
from —30°C to +100°C. Com-
plete range of values. 

DuPont Trademark 

METALLIZED-PAPER TUBULARS 
P8292ZN units in miniature 

sizes capable of operating over 
a temperature range of —30°C 
to +100°C. Available in volt-
ages of 200, 400 and 600 
VDCW in capacitances from .01 
to 2.0 mfd. 

ELECTROLYTIC TUBULARS . . . 
PTT miniature lytics capable 
of handling full size loads in 
industrial equipment. Ideal for 
all transistorized circuits. 
Temperature range —30°C to 
+65°C. Voltage ratings of 3, 
6, 10, 12, 15, 25 and 50 VDCW. 
For both leads out one end 
specify PITO. 

AEROVOX CORPORATION 
NEW BEDFORD, MASSACHUSETTS 
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WOULD 30 DAY DELIVERY 
HELP? Then call Helipot. Well 
deliver BECKMAN® Panel Meters ...in a 
variety of styles, shapes and models ... 
within 30 days after receipt of your 
order. Specials may take 45 days. 
Fact is, quick delivery and customer 

service go along with every BECKMAN 
meter ....voltmeters, ammeters, milliam-
meters, and microammeters ... in sizes 
ranging from 21/2" to 41/2 ". 
Best of all, they are excellent meters 

...and we can prove it! A Certified Test 
Report (which you may have for the 
asking) gives details of rigidly con-
trolled tests conducted to find out just 
how good our meters are. In all cases, 
units tested met or exceeded MIL-M-
10304A. Like we said: they are excellent 
meters. 
Clearly, if you need panel meters, call 

Helipot. Delivery is dependable, quality 
is excellent, and the price is right. The 
other things we could say in favor of 
these meters are contained in the latest 
meter Data File. Send for it: your 
meter problems will be solved. 

Beckman',/ 
Helipot" 

POTS : MOTORS : METERS et"' ko, 
p 

Helipot Division of 
Beckman Instruments, Inc. '`-7.¡ YEARS 

Fullerton, California 

20 

©tThfle. Il,CUOY 

A425 servo amplifier is designed to 
provide full power to servo motors 
up to size 18 over the temperature 
range of — 55 C to + 71 C or 0 F 
to 150 F at reduced cost. Gain 
variation under these conditions is 
exceptionally small due to the 
unique circuitry employed in addi-
tion to overall negative feedback. 
Unit can be provided with a synchro 
switch for two speed synchro sys-
tems and a twin T stabilization net-
work. The A425 also contains its 
own power supply and is ready to 
connect to the commercial 115 v 
60 cps power source. Adjustments 
are provided under the cover for 
amplifier gain, synchro switching 
level and network time constant. 
Unit is particularly suitable for use 
with 18 CT6b control transformers 
and R160 motors. 
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C AOPA t.Tt C 
  AIN118.1-111.111LEN 

INOOEL Ito 'TYPE OMAN 
IUMITATION OtiV 400 CT 
CONTROL SIGNAL 1t TOS WIG 44 
L SERIES MITO egg: 
»LAGER CONNECTION* 01,C0115 

$15 Na Main 
PATENT NO It.7000110 

LUNIEN, INC. 40LIET.ILL. 

Magnetic Amplifier 
SMALL AND COMPACT 

LUMEN, INC., Moen Ave., P. 0. Box 
905, Joliet, Ill. Model 1211 bistable 
magnetic relay amplifier was de-
signed and developed to meet the 
most stringent requirements of pro-
ducers of missiles. It has as its 
input a photoresistor with a vary-
ing resistance of 2 to 5 megohms. It 
functions at extremely low levels of 
current in that it is capable of re-
acting to signals of a nature of 10 
to 25 ga. Its output is in the nature 
of 10 y at 10 ma and, therefore, can 
drive a heavy duty relay coil with 
far greater sensitivity than pre-
viously feasible. Unit is small and 
compact, weighing less than 1 lb. 
It functions over a temperature 
range of + 32 F to + 125 F with 
extreme reliability. Small quanti-
ties of the model 1211 (1 to 5) are 
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Super-Temp 

for Fastest Delivery 
of HIGH TEMPERATURE 

AGNET 
WIRE 

You get the finest . . . fastest from Super-
Temp. Magnet wire insulated with Teflon*, 
silicone or lsonel films. Ranges to +260°C. 
Mica films with ranges to +350°C. Complete 
quality control. 

ALSO: Airframe Wire, Hook-up Wire, Tapes 
Coaxial Cables, Miniature & Jumbo Cables 

Teflon or Silicone Rubber Insulations 

. DLIPONT•S TFE RESIN 

Saverme WITH St 
American Super-Temperature Wires, Inc. • 

8W. Canal Street, Winooski, Vermont • UNiversity 2-9636 • 
General Sales Office: 195 Nassau St., Princeton, N. J. • WAInut 4-4450 • 

A Subsidiary of Haveg Industries, Inc., Wilmington, Del. 
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SLOTTED 
LINES 

Free! Send for 1960 
Catalog. 88 pages of 
valuable data. 

FEATURES 
Rated residual SWR — under 1.010; rated error in detected signal — 
under 1.005. 
Several models covering various bands from 50 to 4000 me. 
Engraved scales and verniers permit one to read the probe position 

to 0.01 centimeters. 
Optional accessory: a rack and pinion carriage drive than can be 
engaged or disengaged at will. 
Precision tapered reducers are available for use in snaking accurate 
measurements in a v, ide range of rigid and flexible coaxial transmission 
lines. 

Write for complete 
information on AMCI 

Slotted Lines. • ALFOR 
ENNA SYS,. PAS CO PONEN AIR NAV GA ION Arn, - UNFN 

Manufacturitq Company 
299 ATLANTIC AVE.: BOSTON, MASS 

DRY AIR 
for éleCronic systems 

•WELLS 
CAPABILITY 
Welts manufactures a complete line of purl. 
fication/dehydration equipment for wave. 
guide, instrumentation and other electronic 
applications requiring a dependable source 
of dry, clean air. 

DASR 100 
For shipboard use and 
similar applications, 
this small version of 
the DASR 1000 de-
livers pressures to 20 
PSIG, with maximum 
flow to 3000 SCIM. Re-
activating, and com-
pletely self-contained 

DASD 400 
Disposable cartridge 
type dry oir supply 
with 20 PSIG dis-
charge pressure and 
1.6 SCFM flow capaci-
ty. Automatic pressure 
controls. Designed for 
mounting on standard 
electronic relay r a c k. 
Also available in re-
activating models. 

DASR 1000 and 2000 
For support of rode', 
microwave and simi-
lar applications, the 
1000 Series delivers 
max. flows to 25 
SCFM. The 2000 Series 
to 50 SCFM, with pres-
sures to 170 PSIG. Ten 
standard models avail-
able. 

DASP 10 
Portable unit for test-
ing and pressurizing 
transducer circuit s, 
Self - contained. Pres• 
sures to 5000 PSIG 
stored in integral re. 
ceiver with regula• 
tion system for out. 
puts from 0 to 5000 
PSIG. 

Wells is the leader in the design and 
manufacture of dynamic dehydration 
equipment for the removal of water 
vapor, oil, dust, hydrocarbons, etc., from 
air, for a wide variety of ground support 
and airborne applications. 

Well's engineers can develop custom 
units to fit your specialized needs. 

WRITE FOR LITERATURE AND TECHNICAL DATA. 

WELLS INDUSTRIES CORP. 

6880 Troost Avenue North Hollywood, Calif. 
Phone: TRiangle 7-3353 TYVX: 7465 N. Hollywood 

September 30, 1960 
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GUDELACE 

TAKES THE 

SLIPS 

OUT OF 

LACING 
saz-

- 

Try this simple test. Tie a piece of Gudelace around a pencil in a half hitch and pull 
one end. Gudelace's flat, nonskid surface grips the pencil—no need for an extra finger 
to hold Gudelace in place while the knot is tied! 

Gudelace makes lacing easier and faster, with no cut insulation, or fingers—no slips 
or rejects—and that's real economy. Gudelace is the original flat lacing tape. It's 
engineered to stay flat, distributing stress evenly over a wide area. The unique nonskid 
surface eliminates the too-tight pull that causes strangulation and cold flow. Gudelace 
is made of sturdy nylon mesh, combined with special microcrystalline wax, for out-
standing strength, toughness, and stability. 

Write for a free sample and test it yourself. See how Gudelace takes the slips—and 
the problems—out of lacing. 

GUDEBROD 
Electronic Division 

225 West 34th Street 

New York 1, N.Y. 

• 

LEWYT DRILLS 
PRINTED CIRCUITS 
100% FASTER 

rp WITH 

J vc 

TRADE MARK 

Letvyt engineer Murray Berman: 

". . . Not only did NEW HERMES 
ENGRAVOGRAPH increase our pro-
duction, it. also enabled us to 
achieve consistently better 
quality." 

• Reproduces drill pattern from 
template in any reduction ratio 
with high accuracy. 

• Drilling and routing of different 
size holes in one operation with-
out changing tools. 
Also for 

ENGRAVING 
PROFILING 
GRADUATING 

Ask for 
catalogue 
ZP-3 

new bermes 
ENGRAVING MACHINE CORP 
154 WEST 14TH STREET NEW YORK II. N Y 

IN CANADA: 359 St. James Street West, Montreal, P. Q. 

BROS. SILK CO., INC. 

Executive Offices 

• 12 South 12th Street 

Philadelphia 7, Pa. 
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DYNASERT 
HELPS SPEED 

MODEL 

CHANGEOVER 

IN PW BOARDS 

In a matter of minutes, you can get a 
new production run under way with 
Dynasert. Little or no re-tooling costs 
are involved. 

Only Dynasert machines give you that 
extra flexibility you need to keep pace 
with today's fast moving, ever chang-
ing PW board applications. Even 
sample runs can be made economi-
cally. Send for the complete story on 
machines available. Write for descrip-
tive 12 page booklet. 

UNITED SHOE MACHINERY CORPORATION 
140 Federal Street, Boston, Mass 
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priced at $282, with considerable 

reduction for larger quantities. 
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Motor Tachometer 
INSTANT RESPONSE 

NORDEN DIVISION, United Aircraft 

Corp., Stamford, Conn. Type 

105P2Y, a size 15 integrating motor 

tachometer, has many features 

which assure high output-to-null 

voltage ratios and extreme accuracy 

over the entire temperature range 

of —55 C to +80 C. It will provide 

instantaneous response for no 

warm-up time is required at any 

temperature within the operating 

range. This design uses no heating 

elements, mechanical thermostats, 

amplifiers or external heat sources 

and, as a result, it has increased 

life, less weight and less power 

drain on the over-all system. 
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Tone Generator 
SUBMINIATURE DEVICE 

ALTO SCIENTIFIC CO., INC., 855 Com-

mercial St., Palo Alto, Calif. Model 
G-137 tone generator is specifically 

designed for missile environment. 

It includes ten high stability tone 
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oscillators within the frequency 
range of 30 cps to 400 cps, and a 
mixing amplifier. Utilizing silicon 
solid state components, the unit 
provides reliable high temperature 
operation and trouble free service. 
The application of one or all remote 
28 y d-c gate signals turns on the 
respective tone oscillators connected 
to the amplifier. These produce a 
mixed composite signal at the out-
put of the mixing amplifier which 
may then be fed to a transmission 
line or to a voltage controlled sub-
carrier oscillator. The compact unit 
is designed to indicate the precise 
occurrence and sequence of remote 
functions, such as catastrophic 
failures of missile components or 
separation of missile stages. An-
other important use for the G-137 
is in the transmission of binary 
data where the binary information 
is converted into the various 
tone frequencies and transmitted 
through a single transmission link. 
Price is approximately $2,500. 
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Sensitive Relays 
MICROMINIATURE 

IRON FIREMAN MFG. CO., 2838 S. E. 
Ninth Ave., Portland 2, Ore., has 
developed a new series of sensitive, 
microminiature relays for dry cir-
cuit and high level switching in cir-
cuits where only minute amounts of 
nonpolarized driving power are 
available. The 800N series crystal 
can relays, which feature 25 mw 
sensitivity and resilient bifurcated 
contact construction, conform to 
and exceed the test specifications of 
MIL-R-5757C and are available in 
a variety of header configurations 
and mounting styles. Contact life 
for high level switching is rated at 
100,000 operations minimum, 125 C 

EXTEND THE M.F.P. WITH 
PRESSURES TO 
1 x10 -9 mm Hg 

Get full information 
on UH-9E and UH-9 
Ultra High Vacuum 
Systems 

Here is equipment that opens up entirely 

new fields for research—attaining Vacuum 

below 1 x 10-9 and making that Vacuum 

available for practical tests and studies 

with realistic pump down periods. Under 

favorable conditions Vacuum in the order 

of 1 x 10 19 mm Hg has been attained 

with this 

ULTRA HIGH VACUUM SYSTEM 
Illustrated is the KINNEY UH-9E Ultra High 

Vacuum System which employs the prin-

ciple of differential pumping and features 

Ultevace Ionic Pumps together with a Sorp-

tion Pump and Molecular Sieve for 

the ultimate in clean, dry Vacuum, 

free from all traces of hydrocarbon 

contamination. Write for descriptive 

literature today. 

* Mean Free Path 

KINNE VACUUM DIVISION 

THE NEW YORK AIR BRAKE COMPANY  

3565J WASHINGTON STREET • BOSTON 30 • MASS. 

Please send me Bulletins on KINNEY Ultra High Vacuum 
Systems by return mail. 

Name  

Company  

Address  

City Zone State  
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High Reliability Series 134-T 

.. meets new Mil C-14157B, embodying extended 
reliability and physical requirements. Has her-
metically sealed case with glass to metal soldered 
terminals. Dual dielectric of polyester film and 
paper. Write for bulletin. 

CAPACITOR RELIABILITY 
The FAST "Way of Life" for over 40 years 

Do You Need Data 
on These New 

FAST Capacitor Lines! 

Metal Case Tubular 

Molded Case Tubular 

Mylar Wrap Tubular 

Glass Tape Wrap Tubular 

Plastic Tubular 

Bathtub Metal Case 

Motor-Run Oval Metal Case 

Rectangular Fabricated and 
Drawn Metal Cases 

Reliability is "built-in" FAST 
capacitors .. from control of raw 
materials through every fab-
rication and test procedure. 

With component reliability the key 
to vital electronic achievements.. 
the "inspected-in" quality of others, 
is not adequate. 

More Than Specifications 

Capacitor users are turning to the 
"built-in" reliability and overall 
high quality offered by FAST 
capacitors. 

Let us send you complete data on 
the wide range of FAST capacitor 
types. 

Write for Latest Bulletins 

rA SUBSIDIARY of the 
VICTOREEN INCTPIJMENT CO 

3596 N. ELSTON AVE... CHICAGO 18, ILL. 

ejOHNE .F AST te CO. 

at 2 amperes resistive, 28 y d-c or 
115 y a-c. Dry circuit life is rated 
at 5 million operations minimum at 
20 cps, + 125 C at 10 ma resistive, 
10 my d-c or a-c. 
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Reference Elements 
MINIATURIZED 

INTERNATIONAL RECTIFIER CORP., 

1521 E. Grand Ave., El Segundo, 
Calif. Designed specifically for 
rapid insertion into p-c boards, the 
1N1530 andlN1530A silicon Zener 
voltage reference elements are min-
iaturized units. The 1N1530 will 
provide a reference voltage of 8.4 I/ 
(average) at 10 ma bias current 
and a dynamic resistance of 11 ohms 
(average). They will provide a 
stability of ± 16 my or better over 
a temperature range from — 55 C 
to + 100 C, with temperature co-
efficients of ± 0.002 percent/deg C. 
The 1N1530A element is manufac-
tured to a tighter tolerance on tem-
perature coefficient than the 1N1530, 
providing a stability of LL- 8 my cr 
better from — 55 C to + 100 C. 
Units measure 0.590 by 0.560 in. 
(dia.) excluding leads, and feature 
an extremely rugged assembly. 
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D-C/D-C Inverter 
NINE OUTPUTS 

FREED TRANSFORMER CO., INC., 1718 
Weirfield St., Brooklyn 27, N. Y. 
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The d-c to d-c inverter operates 
from a battery or similar 22-v d-c 
source. It has nine outputs widely 
varying in va ratings. For example: 
two low-voltage, high current out-
puts-30 y at 1/ amperes, 18 y at 2 
amperes; two high-voltage, low-
current outputs-1,800 y at 2 ma, 
650 y at 20 ma. Ripple content of 
all outputs is less than one half 
of 1 percent. Outputs in this unit 
will vary directly with input volt-
age variations. This variance can 
be corrected by the use of new 
Freed transistorized regulators. 
These units maintain voltage to the 
inverter constant over an input 
voltage range variation of 25 per-
cent. The unit shown regulates over 
a range of 24 to 28 y input at a 20 
ampere maximum output current. 
Other units are available at other 
ratings for various input and out-
put ranges. 
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Coaxial Stub Tuners 
RUGGEDLY BUILT 

MICROLAB, 570 West Mount Pleasant 
Ave., Livingston, N. J. New line 

includes a complete selection of 
single, double, and triple stub tun-
ers with a wide variety of frequency 
ranges and connector combinations. 
They cover the frequency range 
from 200 Mc to 12,000 Mc in three 
overlapping bands. They have been 
designed to match a wide range of 
impedances with good convergence 
and tuning sensitivity. Beryllium 
copper contacts are used for long 
life and noise-free operation. Lock-
ing caps are provided to adjust 
sliding tension and to lock the de-
sired settings. The tuners are pro-
vided with one male and one female 
connector in either the N, BNC, 
TNC, C or HN series. They meet 
military specifications and will op-
erate from —55 to + 150 C. 
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PRODUCT 
APPLICATION 

HANSEN 

[a-IL:LILL 
TIMING MOTORS 

illib 

TRAFFIC CONTROL 
systenis 

A vital component of 

EAGLE SIGNAL CORPORATION 

Vehicle Supervised Traffic Control Systems 

Hansen SYNCHRON 

being assembled 

into "EC" Local 

Controller unit 

EAGLE SIGNAL CORPORATION uses Hansen SYNCHRON motors for synchronous 
power to govern signal timing operations in "EC" Traffic Control Systems. Hansen 
SYNCHRON motors regulate amber and pedestrian clearing intervals — and all 
other intervals which remain constant regardless of cycle length . . . and also govern 
the 4 independent traffic splits (time division for vehicular traffic) — as well as any 
interval which is variable according to cycle length. The Hansen SYNCHRON, 
regulating constant intervals, operates on 60-cycle power supply . . . the one govern-
ing variable intervals responds to variable frequency from the master control unit. 

HANSEN SYNCHRON TIMING MOTORS were chosen by Eagle Signal after careful test-
ing of several makes of synchronous motors. Due to the size of some timing devices 
and control units, a small motor with good performance characteristics was needed 
to fit the space limitations. After extensive tests, Hansen SYNCHRON motors were 
specified for: (1) high-quality performance under test; (2) lower cost; (3) long-life 
operation as an integral part of traffic control units. Since adoption, Eagle Signal has 
never experienced an assembly slowdown or stoppage due to failure on service or 
delivery of Hansen SYNCHRON Timing Motors. 

SEND TODAY for informative folder containing specifications and technical data on 
all Hansen SYNCHRON motors and clock movements. 

HANSEN 
MANUFACTURING 
COMPANY, INC. 

PRINCETON, INDIANA 

Visit HANSEN Booth 

HANSEN REPRESENTATIVES: 

THE FROMM COMPANY 
5150 W. Madison, Chicago, Illinois 

H. C. JOHNSON AGENCIES, INC. 
Rochester, N.Y. —  Buffalo, N.Y. —Syracuse, N.Y. 
Binghamton, N.Y. —  Schenectady, N.Y. 

ELECTRIC MOTOR ENGINEERING, INC. 
Los Angeles, Calif. —  (WEbster 3-7591) 
Oakland, California 

WINSLOW ELECTRIC CO. 
New York, N.Y. —Chester, Conn. 
Philadelphia, Penn.—Cleveland, Ohio 

No. 711—ISA Show September 26-30 
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and other 
JEDEC devices 

An exclusive THOMSON design has greatly improved per-
formance and reliability in welding caps on transistors and 
other electronic devices which require hermetic sealing. 
Several models of this THOMSON TWO-POST WELDER 
have been developed to meet various product requirements. 

how it works — 

THOMSON has specifi-
cally designed this corn-
pact welding head for 
easy installation in a 
DRY BOX. 

For fast follow-up and precise pres-
sure control, THOMSON's anti-friction 
head design incorporates a ball-
bearing-guided ram and diaphragm. 
type air cylinder. 

Larger models are provided with two 
transformers to obtain a concentric 
secondary circuit for perfect distri-
bution of weld current In large diam-
eter devices. 

THOMSON's TWO-POST 
Direct Tension design 
eliminates the inherent 
deflection typical of 
conventional "C" frame 
welders. 

For complete details contact your nearest representative 
(see Yellow Pages) or — 

FOUNDED IN 1886 BY ELIHU THOMSON 

9~W-de 

OiRebt4feaae&fadie;47 

THOMSON ELECTRIC WELDER COMPANY 
161 PLEASANT STREET, LYNN, MASSACHUSETTS 

LYNN 2-7710 

Literature of 

SILICON RECTIFIERS Tung-Sol 
Electric Inc., Newark 4, N. J., has 
available a folder of data sheets 
containing illustrated descriptions 
and mechanical and electrical data 
for a line of silicon rectifiers. A 
silicon rectifier design question-
naire is included. 
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PUNCHED TAPE PROGRAM-
MER Electronic Engineering Co. 
of California, 1601 East Chestnut 
Ave., Santa Ana, Calif. A two-page 
bulletin illustrates and describes 
model TP-813, a 13-channel punched 
tape programmer for airborne ap-
plications. 
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TACHOMETRY APPLICATIONS 
Waugh Engineering Co., 7842 Bur-
net Ave., Van Nuys, Calif., has pre-
pared a 4-page tachometry applica-
tions bulletin, describing various 
methods of monitoring or control-
ling rotating shafts, gears or other 
rotating units. 
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MOISTURE GAGE Henry Francis 
Parks Laboratory, P. O. Box 1665, 
Lake City Station, Seattle 55, 
Wash., has published a bulletin on 
the model 102 moisture gage, a 
sensitive and accurate direct-read-
ing relative-percentage-of-moisture 
meter for soils and granular ma-
terials. 
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ULTRA-PURE GOLD High Pur-
ity Metals, Inc., 340 Hudson St., 
Hackensack, N. J. Technical bulle-
tin HP-101 describing 99.999 per-
cent pure gold for semiconductor 
and other applications is now avail-
able. 
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MICROWAVE PRODUCTS Bo-
mac Laboratories, Inc., Salem Road, 
Beverly, Mass. Specifications and 
illustrations for a wide line of mi-
crowave tubes and components are 
contained in a 24-page catalog re-
cently issued. 
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GRAPHIC RECORDER Nesco In-
struments, Inc., 638 W. 17th St., 
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the Week 

Costa Mesa, Calif. Two-color data 
sheet gives features and specifica-
tions of 10 mv fixed span graphic 
recorder designed expressly for lab-
oratory use, and priced at $320. 
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PLUG-IN CHOPPER Solid State 
Electronics Co., 15321 Rayen St., 
Sepulveda, Calif., has available 
literature describing its model 65 
transistorized plug-in chopper with 
transformer coupled isolating drive 
capable of being driven from 400 
cycle line. 

CIRCLE 355 ON READER SERVICE CARD 

INDUCTOR WALL CHART Bur-
nell & Co., Inc., 10 Pelham Park-
way, Pelham Manor, N. Y. A 
comprehensive ready-reference wall 
chart on toroidal and variable in-
ductors has been published for de-
sign engineers. A copy may be 
obtained by writing on company 
letterhead. 

FREE SPACE ROOM McMillan 
Industrial Corp., Brownville Ave., 
Ipswich, Mass. "Your Handbook of 
Free Space Room Design" is a 12-
page report on the many elements 
of FSR design, including charts for 
estimating needs, problems and 
solutions, discussion of specification 
pitfalls, and tear-out FSR question-
naire. 
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GENERAL CATALOG Statham 
Instruments, Inc., 12401 W. Olym-
pic Blvd., Los Angeles 64, Calif.. 
has published a new 32-page general 
catalog with concise descriptions of 
the company's pressure transducer';, 
linear and angular accelerometers. 
load cells, amplifiers, power supplies, 
bridge balances, strain gages and 
force/displacement transducers. 

CIRCLE 357 ON READER SERVICE CARD 

THERMOCOUPLE COMPO-
NENTS Minneapolis - Honeywell 
Regulator Co., Industrial Division, 
Wayne and Windrim Avenues, Phil-
adelphia 44, Pa. New 28-page cat-
alog G100-3 contains specifications 
and ordering information on re-
placeable components for Honey-
well thermocouple assemblies. 

...Economical Method 
of Detection... 

RESONANT REED RELAYS AND OSCILLATOR CONTROLS 

Reson-ator Resonant Reed Relays and Oscillator 

Controls are precision electro-mechanical devices 

engineered to provide the finest, most economical 

method of detection and generation of frequencies in 

the audio range. Ideal for any application requiring 

the stability and long life characteristic of this tuning 

fork type device. 

• SIGNALING SYSTEMS 

• DATA TRANSMISSION 

• TONE GENERATORS 

• FREQUENCY STANDARDS 

• REMOTE CONTROL 

• FREQUENCY DETECTION 

• AUDIO FILTERS 

• TELEMETERING 

Brief Specifications— 

Frequencies: 20 cps to 1600 cps 

Coil Resistances: 1 to 1500 ohms DC 
Temperature stability: =.0025%/C°from 

—40 °C to +100°C. 
Reference 25°C 
Enclosure: Drawn copper can, .750"x 

.750"x 3.281" overall. Provided with 

standard 7 pin hermetic seal header. 
Relay Bandwidths: To suit customer's re-

quirements. From ±.1% to ± 40/0 

Complete specifications and application 
data available upon request. 

SECURITY DEVICES LABORATORY 
ELECTRONICS DIVISION OF SARGENT & GREENLEAF, INC 

n 
'JUL 

ROCHESTER 21. NEVV YORK 
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PEOPLE & PLANTS 

North Atlantic Inc., In New Plant 

NORTH ATLANTIC INDUSTRIES, INC., 

which started operations less than 
five years ago in 4,000 sq ft of 
plant space, has taken occupancy of 
a new 21,500 sq ft building in the 
Expressway Industrial Park at 
Plainview, Long Island. 
The new one-story air condi-

tioned plant will house manage-
ment, marketing, engineering and 
test laboratories in addition to pro-
duction facilities and support 
groups. Operations in the quarters 
are being conducted initially by a 
force of some 80 men and women; 
however, physical facilities have 
been set up to accommodate ulti-
mately a staff of 200, which the 
company foresees will be required 
within the next year to meet an-
ticipated levels of engineering and 
production. 
Formed in 1954, North Atlantic 

started active operations in Decem-
ber of the following year. At that 
time its major activity was subcon-
tract manufacture for various 
prime producers of military elec-
tronic equipment. A program of 
company-funded research and de-
velopment soon led to the produc-
tion of the company's phase angle 
voltmeters and self-balancing servo 
indicators. These, together with a 
group of a-c ratio boxes and other 
ratio measuring devices, introduced 

Semicon Appoints 
Works Manager 
THE APPOINTMENT of Edward E. 
Fellman as works manager of Semi-
con, Inc., Bedford, Mass., has been 
announced. He will handle all pro-
duction and production related ac-
tivities for the company's expand-

during the last year, have become 
the basis of North Atlantic's major 
product lines in the field of labora-
tory and ground support instru-
mentation. 

North Atlantic currently pro-
duces its proprietary line of phase 
angle voltmeters, ratio boxes, Lis-
sajous oscilloscopes, phase sensitive 
converters, and servo data con-
verter/indicators in a variety of 
standard and custom configurations 
for both laboratory-production test 
and military ground support ap-
plications. According to Malcolm 
D. Widenor, North Atlantic's presi-
dent, one of the principal company 
programs scheduled in the new 
facility is the expansion of its line 
of a-c ratio measuring instruments 
to provide one-source integrated 
test and measurement systems built 
about its proprietary products. 

Previously located in Westbury, 
L. I., North Atlantic carried out 
three successive plant expansions 
during 1959 to meet a three-fold 
increase in sales during that period. 
Present Plainview facilities are 
geared to a three-fold increase in 
1960 with ultimate expansion to 
40,000 square feet to provide future 
manufacturing facilities capable of 
a much increased rate, by taking 
advantage of the advanced produc-
tion line techniques. 

ing line of top-hat, stud, miniature 
and epoxy silicon rectifiers. 

Fellman was formerly senior in-
dustrial engineer for the Semicon-
ductor Division of Sylvania Electric 
Products, Inc., in Woburn, Mass. 
He had been associated with Syl-
vania for the past four years before 
taking his new post. 

Hammarlund Expands 
Manufacturing Plant 
GROUND has been broken in Mars 
Hill, N. C., for a $350,000 addition 
to the plant of Hammarlund Mfg. 
Co., a subsidiary of Telechrome 
Mfg. Corp. 
The expansion is scheduled for 

completion in December. The plant 
area will be tripled to 80,000 sq ft 
and employment will eventually be 
more than doubled according to 
president Joseph R. McPhee. 
Hammarlund, which is celebrat-

ing its fiftieth anniversary this 
year, manufactures radio receivers 
and transmitters, electronic com-
ponents, and automatic control sys-
tems for industry. The company is 
in the process of expanding its pro-
duct line and within the next six 
months is planning to market a new 
line of radio marine equipment and 
mobile industrial transmitter-re-
ceiver equipment which will be 
manufactured in Mars Hill. 

U. S. Testing Names 
R. L. Hopkins 
APPOINTMENT of Richard L. Hop-
kins as manager of the development 
engineering department of U. S. 
Testing Co., Inc., Hoboken, N. J., is 
announced. 

Hopkins has had extensive ex-
perience in the metallurgy of rare 
metals and their application in the 
electronic, chemical, and nuclear in-
dustries. Prior to joining U. S. 
Testing, he headed his own consult-
ing engineering firm specializing in 
engineering management, product 
development, and technical market-
ing. 
As manager of development engi-
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IT'S 
WHAT'S 

IN 
HERE 
THAT 

COUNTS 

Do you know, for instance ... which electronic stocks are 
hottest? Who's in the news and why? About "Three Ap-
proaches to Microminiaturization"? About the newest prod-
uct ideas hitting the market? What's up in production? 
Opportunities overseas? What's going on in Washington? 

It pays to know more than the next man! The questions 
above are just 6 reasons why you should subscribe to 
electronics. 
IF YOU'RE ON THE TAG END OF A ROUTING SLIP, 

get your own subscription. Knowing what's going on is the 
first step to going up. 

Fill in the coupon below right now... it will pay big 
dividends. 

FIND WHAT YOU NEED IN... 

electronics 
ing•••••• •••••••• 

•••••••• •••••111 ••••••• "••••• «num.«. 

 Renew my subscription for 3 more years. 
_Enter my new subscription. 

U.S. Subscription Rates: years $12  1 year $6 
Canadian rates $10 for 1 year. Foreign rates $20 for 1 year. 

Name  

Street  

City 7one State  
Company   

Street_  

City   Zone State  

Your Title  Department 

Product Manufactured or Service Performed  

Mail reply to: electronics, 330 West 42nd Street, New York 36, N.Y. 

advancement 
in instrument 

design 

SEALED 
RUGGEDIZED 
PANEL METERS 

HERMETICALLY SEALED ... GLASS-TO-METAL 

MIL 21/2 " (MR26)and MIL 31/2 " (MR36) sizes. 
Also 11/2 " Ruggedized and 41/2 " Sealed 
Models. ua, ma, amp, mv, volt, kv, ac rectifier 
types for voltage, decibel and VU measure-
ment. Standard ranges. Bulletin on request. 
Marion Instrument Division, Minneapolis-
Honeywell Regulator Co., Manchester, N. H., 
U.S.A. In Canada, Honeywell Controls Limited, 
Toronto 17, Ontario. 

Honeywell 
170 ,› EERING Tee rurUne H 17.6t i:Lefreet, 

dunce .e.e 
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JACKSON 
BROS 

England's Finest 
Components. 

(LoND 
6 LTD. 

SPECIFIED FOR USE IN AMATEUR EQUIPMENT 

FOR 6 & 2 METERS TRANSCEIVERS 

Precision Built Variable Condensers 
and Drives 
We illustrate here our Air Spaced 
Split Stator Type C808 Drawing No. 
5103 suitable for use on all H.F. and 
V.H.F. Bands. Capacities (per sec-
tion) available: 

3-10 uuf .045" Air Gap 3.F.3.M. Vanes 

3.3-25 uuF .015" Air Gap 3.F.4.M. Vanes 

3.5-43 uuF .015" Air Gap 5.F.6.M. Vanes 
4-63 uuF .015" Air Gap 7.F.8.M. Vanes 
(The last line is .36" longer than the drawing). 

SPECIFICATION—S.L.C. Law. Siliconed low loss ceramic 
Rotor and Stators, soldered and silver plated. 

Delivery sits weeks after order received. Retail price $3.95. 
(prototype quoolitirs usually in Ne,r l'ork otorkl. 

AIR SPACED 

TRIMMER 

C.808 

"SPLIT 

STATOR." 

Write for 

Complete 

Catalog and 

O.E.M. Prices 

insulation. Brass 

Sole U.S. Agent, 

M. SWEDGAL Worth 2-5485 

258, Broadway, New York 7, N. Y. 
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WHEN 

T • • • ----- NULLS -PHASE -VOLTS 
specify NORTH ATLANTIC'S 
PHASE ANGLE VOLTMETER_ 

"A )3taindand oe iva 
FEATURES 

Direct reading 0-360°, no ambiguity. 
lmv to 300v full scale. 
VTVM operation to 50kc. 
10 microvolt null sensitivity. 
10 meg input impedance. 
Available in any frequency. 
Unaffected by harmonies with optional filters. 
Low noise. 
Signal and/or Reference Isolation. 

PLUG-IN ACCESSORIES 

• Reference Isolation Module 
. Bridging Transformer Module 
• Summing Module 

MODEL 202BR 

COUN 

VOLTAGE 
QUADRATURE 
IN-PHASE 
DEGREES 

-Éioitirli ATLANTIC 
main street, west bury, n.y. 

, 

industries, inc. 
EDgewood 4-11t2 

CIRCLE 222 ON READER SERVICE 

The pick of the crop! 
Thumbnail summaries of sales literature on materials, com-
ponents, equipment, and facilities keep you up-to-date in about 
3 minutes of quick, easy reading in "Literature of the Week." 

Another reason why it will pay you to subscribe to electronics 
(or renew your subscription) right now. Fill ih the box on 
Reader Service Card. Easy to use. Postage free. 

FIND WHAT YOU NEED IN... 

electronics 

CARD 

neering, Hopkins will direct U. S. 
Testing's activities in the design 
and manufacture of scientific in-
struments, testing apparatus, and 
measurement systems, to meet the 
expanding industrial requirements 
for technical quality assurance. His 
department is staffed by research 
and development engineers embrac-
ing the full range of major scienti-
fic disciplines. 

Mandrel Industries 
Promotes Sundt 
PETER C. SUNDT was recently named 
administrative assistant to the ex-
ecutive vice president of Mandrel 
Industries in Houston, Texas. He 
will be chief administrator and 
technical director of Mandrel's two 
Houston divisions, Electro-Techni-
cal Labs and Electric Sorting Ma-
chine Co. 

Sandt began his career as an en-
gineer with Hughes Aircraft Co., 
coming to Electro-Technical Labs in 
1953 as a design engineer. He has 
since been chief engineer and gen-
eral manager of Electro-Tech 
France with headquarters in Paris. 

J. W. Noland to Head 
Gonset Division 
APPOINTMENT of James W. Noland 
to the position of general manager, 
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PRECISION 
GEAR 
REDUCERS 

BY 
REQUEST 
ONLY 
write for: 
BULLETIN MS-100 
MECHANICAL LIMIT STOP 
ADJUSTABLE 

BULLETIN G-100 
VARIABLE SPEED 
GOVERNOR 
ELECTRICAL 

BULLETIN ES-100 
ELECTRICAL LIMIT STOP 
ADJUSTABLE 

Providing the extreme in 
miniaturization and reliabil-
ity, DYNEX precision GEAR 
REDUCER and GEAR HEADS 
are available in a range of 
sizes from 5 to 18 servo 
mounts. 

FREE! 
NEW DESCRIPTIVE 
8 PAGE GEAR REDUCER CATALOG 
BULLETIN #GR100 

DYNEX INDUSTRIES INC. 

170 EILEEN WAY, SYOSSET, L. I., NEW YORK 
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LOWEST PRICE 

Proximity 
Switch 

actuated by NON-MAGNETIC and 

MAGNETIC metals to solve electrical switching problems 

81 

getirnif 

Now Electro offers you 

a low cost proximity switch 
incorporating the basic patented 
circuit used successfully in 

industrial plants for more 
than 5 years. 
0526 

$8600 

viers net includes 
Control amplifier 

4902 
Sensing head 

4913-BL 
Connecting cable 

Write for new detailed 
Bulletin EDPS-80! 

ELECTRO PRODUCTS LABORATORIES 
4501-EL Ravenswood, Chicago 40, Ill. 

Canada: Atlas Instrument, Ltd., Toronto 

er 

CONSTRUCTION: 
Stabilized Hartley type transistorized oscillator, molybdenum 
permalloy core tond inductor, stabilized plastic filns tuning 
capacitance, encapsulated. PRICE RANGE: $9 to $25. 
FREQUENCY RANGE: 10 cps to 10 Kcps. 

FREQUENCY SOURCES 
transistorized ALLEN Type "C" 
audio frequency oscillators 
NOW offer EXPANDED 
frequency range in 

NEW SMALLER PACKAGES! 

DOWN comes the SIZE while the 
frequency range EXPANDS. 

During the past twenty years Allen Organ 
Company has produced, for their organs, 
millions of audio frequency oscillators. 
These semi-precision oscillators are un-
usual in that they represent a happy 
combination of stability and relatively 
low cost. 
The skills acquired in producing these 
are now available to those having oscil-
lator requirements for other purposes. 
The ALLEN Type C oscillator is a moder-
ately-priced, compact, and reliable unit 
suitable for many applications. The tran-
sistorized package is completely encap-
sulated and extremely rugged. 
Type C is basically a sine wave generator 
with provision for optional complex wave-
form output. 

FOR INFORMATION, CONTACT Dept. 2309 

ttat ORGAN COMPANY. INC. 
the most respected name in electronic organs 

COMPONENTS DIVISION 
MACUNGIE, PA., PHONE WOodring 5-9801 
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CENTRIFUGAL 
BLOWER 
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SPECIFICATIONS: 

200V 50-60 cps 3 phase 
340 CFM free air delivery 
Weight: 9.7 lbs. 
Ambient: 85 °C 
Lubrication: Reservoirs assure 
continuous lubrication of bearings. 
Units constructed and tested to 
applicable military specifications. 

OUR FIELD ENGINEERS WILL GLADLY ASSIST YOU IN YOUR COOLING PROBLEMS 

Model 

B1323-

Air-Marine motors and cooling units have been 

designed and tested to meet the specifications of both 

the military and industry. 

air-marine motors, inc. 

369 Bayview Avenue 
L.I., N.Y. 

2221 Barry Avenue 

Los Angeles, California 

in Canada ME Limited, Weston, Ontario 

WRITE TODAY FOR OUR NEW CATALOG 

Gonset Division, Young Spring and 
Wire Corp., Burbank, Calif, has 
been announced. He was formerly 
manager of manufacturing for this 
producer of fixed and mobile radio 
communication equipment. 

Noland's experience encompasses 
a 20 year period, includes responsi-
ble positions in management, engi-
neering and production. Prior to 
joining Gonset he was factory man-
ager for Globe Electronics, division 
of Textron, Inc., Council Bluffs, 
Iowa. 

Avtron Manufacturing 
Names Chief Engineer 
JOHN R. BODKER, was recently ap-
pointed chief engineer of Avtron 
Manufacturing, Inc., Cleveland, O. 
He joined Avtron as a project man-
ager three years ago from Jack & 
Heintz where he was manager of 
the control section in their engi-
neering department. 

Avtron, a seven-year old com-
pany, supplies test and ground sup-
port equipment to the aircraft, mis-
sile and nuclear fields. It employs 
over 125 skilled engineers and 
technicians at its main Cleveland 
plant. 

CPPC Promotes 
E. J. Gately, Jr. 
CLIFTON PRECISION PRODUCTS, INC., 

Drexel Hill, Pa., announces the ap-
pointment of Edward J. Gately, Jr. 
as manager, Systems division. He 
was midwestern sales manager of 
CPPC at the time of his appoint-
ment. 

Previously he was a project engi-
neer, Armament division, White-
Rodgers, St. Louis, Mo., and before 
that a project engineer at Clifton 
Precision for five years. 
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LUNAR and PLANETARY COMMUNICATION 

RECEPTION TRANSMISSION 
The 85 foot parabolic This 85 foot antenna, 
antenna at Goldstone, seven miles from 
California built in the reception facility. 
1958 and used in has recently been put 
tracking and record- in operation to trans-
ing telemetry from mit signals to U.S. 
U.S. spacecraft. spacecraft. 

SENIOR RESEARCH SPECIALISTS 

New opportunities involving advanced research and develop-
ment projects are now open at JPL in the Laboratory's Tele-
communications Division for engineers and scientists capable 
of assuming a high level of technical responsibility. 

SOME SPECIFIC OPENINGS IMMEDIATELY AVAILABLE 

Communication Specialists 
Execution of RF tracking and 

communication system projects. 

Radio Research Engineers 
Design of advanced RF 

transmitter/receiver equipment. 

Antenna Specialists Research Scientists 
Analysis, design and evaluation Digital data and control system 

of giant Antenna Structures and analysis and synthesis. 
Servo Systems. 

Mathematicians or Communication System Analysts 
Analog and Digital system analysis. Noise, coding, in-
formation theory. Linear and non-linear filter theory. 

Several openings also exist for supervisors of Research and 
Advanced Development Projects performed by industry for JPL. 

o 
CALIFORNIA INSTITUTE OF TECHNOLOGY 

JET PROPULSION LABORATORY 
PASADENA • CALIFORNIA 

SEND COMPLETE QUALIFICATION RESUME NOW FOR IMMEDIATE CONSIDERATION 

CIRCLE 337 ON READER SERVICE CARD 

NEW IDEAS FOR SALE! 

FIND WHAT 

YOU NEED IN... 

Words and pictures tell you about the top new 
product ideas each week in "On the Market". 
Who makes 'em and what they'll do for you. 
Easy way to keep in touch with the latest 
and best. 
Another reason why it will pay you to sub-

scribe to electronics (or renew your subscrip-
tion) right now. Fill in the box on Reader 
Service Card. Easy to use. Postage free. 
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EMPLOYMENT OPPORTUNITIES 

Join the 

Honeywell 
Marine Systems Group 

Challenging career opportunities 
await you at Honeywell where ex-
citing projects such as the electri-
cally suspended gyro, the rotor of 
which is seen here, are developed. 
Specific openings include: 

INERTIAL SYSTEMS ANALYST 
Mathematician or engineer with 
strong background in vector anal-
ysis, operational calculus, matrix 
algebra and related techniques, to 
carry out analysis of inertial systems 
configurations including error eval-
uation. 

DIGITAL SYSTEMS AND 
LOGIC DESIGNER 

Familiar with digital logic techni-
ques at current state of the art; 
capable of organizing computing 
systems to perform various tasks 
including logical design and critical 
parameter specifications. 

ELECTRONIC ENGINEER 
Electrical engineering degree plus 
experience in miniaturized semi-
conductor electronics development. 
To design servo, pickoff, and other 
electronics for use with gyros and 
accelerometers. 

ENGINEERING PHYSICIST 
Physicist with practical and theo-
retical understanding of mechanics, 
magnetism and electricity to ana-
lyze and develop inertial sensors of 
novel and original design. 

To discuss these or other openings, 
write Mr. James H. Burg, Technical 
Director, Dept. 822, Aeronautical 
Division, 1433 Stinson Blvd., Min-
neapolis 13, Minn. 

Honeywell 

0 • I 91114 1 

To explore professional opportunities in 
other Honeywell operations coast to coast, 
send your application in confidence to H. K. 
Eckstrom, Honeywell, Minneapolis 8, Minn. 

ENERGY 
CONVERSION 
ENGINEERS 
Our Static Inverter Group has an ur-
gent need for Electrical Engineers to 
work on static inverters, converters and 
frequency changers for military, space 
and commercial applications. Men with 
4 to 8 years experience wanted with de-
sign/development type of background 
in aircraft and industrial power sup-
plies and generating systems. Must be 
familiar with as many of the following 
as possible: 

• Switching characteristics of 
transistors, silicon controller rec-
tifiers and four layer diodes, 
transformers, interstage and 
power.—Filters, signal level and 
power — Voltage regulators — 
Polyphase circuits—Heat Trans-
fer—Packaging—Power generat-
ing system specifications. 

Challenging opportunity for engineers 
to do development and project work in 
static power supplies. 

STARTING SALARY TO $12,000— 
MANY BENEFITS including desirable 
New England living, tuition plan, out-
standing facilities. Reply in confidence 
to 

P-5275, Elect ron 

Class.1,1. DI. I. (, Itox 12. N Y N Y. 

CIRCLE 380 ON READER SERVICE CARD 

ENCYCLOPEDIA EDITOR 
excellent opportunity for man with aca-
demic or journalistic background in Phy-
sics-engineering who wishes career in 
publishing. We are looking for a perma-
nent Encyclopedia Editor to rewrite articles 
and handle liaison with top men in the 
academic and industrial fields. Unusually 
attractive working environment in Char-
lottesville, Virginia, the perfect setting for 
gracious living in a University atmosphere. 
Liberal benefit program and relocation 
expense allowance. 

Please send resume and salary requirements to: 

McGraw-Hill Encyclopedia of Science IL Technology 
Box 3757 University Station 

Charlottesville, Virginia 

CIRCLE 381 ON READER SERVICE CARD 

Your Inquiries to 

Advertisers Will 

Have Special Value . . . 

—for you—the advertiser—and the 

publisher, if you mention this publi-

cation. Advertisers value highly 

this evidence of the publication you 

read. Satisfied advertisers enable 

the publishers to secure more ad-

vertisers and — more advertisers 

mean more information on more 

products or better service — more 

value—to YOU. 

SEARCHLIGHT 
SECTION 

(Clossil led Advertising) 

BUSINESS OPPORTUNITIES 

EQUIPMENT - USED or RESALE 

DISPLAYED RATE 
The advertising rate is $24.75 per inch for 
all advertising appearing on other than a 
contract basis. Contract rates quoted on 
request. AN ADVERTISING INCH is 
measured 744 inch vertically on one 
column, 3 columns-30 inches—to a page. 
EQUIPMENT WANTED or FOR SALE 
ADVERTISEMENTS acceptable only in 
Displayed Style. 

UNDISPLAYED RATE 
$2.40 a line, minimum 3 lines. To figure 
advance payment count 5 average words 
as a line. 
PROPOSALS, $2.40 a line an insertion. 
BOX NUMBERS count as one line addi-
tional in undisplayed ads. 
DISCOUNT OF 10% if full payment is 
made in advance for four consecutive in-
sertions of undisplayed ads (not including 
proposals). 

SPECIALS IN 

• KLYSTRONS • 

2K25  $13.50 

21(26   33.50 
21(28   27.00 
21(29   27.50 

2K33A ..  200.00 
21(42   170.00 
21(43   144.00 
2/(44   126.00 

21(45   35.00 
21(50   72.00 
21(56   50.00 
X 12  475.00 
5721  125.00 

Many other types 

Phone: 

WAlker 5-6000 

Cables: 
TELSERSUP 

See pages 594, 595 
of 1960 Electronics 
Buyers' Guide for a 

more complete listing 

LIBERTY 
ELECTRONICS 

INC. 

582 BROADWAY 
New York 12, N. Y. 

CIRCLE 460 ON READER SERVICE CARD 

LOOKING FOR 
USED 'SURPLUS ELECTRONIC 

EQUIPMENT/COMPONENTS? 
For an up-to-date listing of such equipment 
see Searchlight Section of Sept 9th. 

SEARCHLIGHT Equipment 
Locating Service 

NO CHARGE OR OBLIGATION 

This service is aimed at helping you, the reader 
of "SEARCHLIGHT", to locate Surplus new and 
used Electronic equipment and components not 
currently advertised. (This servce is for USER-
BUYERS only). 
How to use: Check the dealer ads to see if 
what you want is not currently advertised. If 
not, send us the specifications of the equip-
ment wanted on the coupon below or on 
your own company letterhead to: 

Searchlight Section Locating Service 
c/o ELECTRONICS, 

P.O. Box 12, N. Y. 36, N. Y. 

Your requirements will be brought promptly to the 
attention of the equipment dealers advertising in this 
section. You will receive replies directly from them. 

Searchlight Equipment Locating Service 
c/o ELECTRONICS, P. 0. Box 12, N. Y. 36, N. Y. 

Please helo us locate the followina equipment com-
ponents. 

NAME   

TITLE   

COMPANY   

STREET   

CITY  9/30/60 
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ZIP 

and 
it's 
covered! 

Zippertubine 
Instant Covering for All 

Applications! 

Zippertubing, an economical on-the-job 
method of jacketing, is a flat tape, avail-
able in a wide range of materials, that 
has a patented extruded plastic track 
electronically welded to both edges. The 
tape or jacket is wrapped around the 
object to be covered so that the tracks 
engage, then "zip" shut. If permanent 
closure is required, a special sealant is 
provided that fuses the tracks together. 

GENERAL 
PURPOSE 

Standard without 
overlap. Generally 
conforms to MIL-
I-63IC. 

elliel\%* age .1...— 
‘\, 

MILITARY TYPE 
with overlap Type 74 
meets requirements of 
MIL-I-74448. Type 63 
meets MIL-I-631-C. (IPL 
certificates of conform-
ance or test reports fur-
nished on request. 

SHIELDED 
Z I I'PERTUBING® 
copper. These conductive 
metals are laminated to 
vinyl-impregnated Nylon or 

glass cloth. When zipped around wires, it provides 
immediate 100% coverage for grounding RF and 
UHF interference. 

THERMAZIP 
Protects cables or pipes 
from high temperature ex-
posures. Type ALAS utilizes 
aluminized asbestos cloth. 
Type ALSR utilizes silicon 
rubber-impregnated glass cloth. 

ZT 
PROTECHTORS® 
NEW! Protective plastic 
covers with plastic zipper 
closure for splices and 
break-outs. Installation time 

is measured in minutes — not hours! Full range 
of sizes and colors. 

SPECIAL CONSULTATION 
At your request, our Field Engineer 
will call or you can mail your design 
concept to us for evaluation and quo-
tation. All requests confidential. 

Pat. or Pat. App. for 

THE Zippertubing e co. 
752 S. SAN PEDRO STREET 

LOS ANGELES 14. CALIFORNIA 

PHONE MA 4-6664 
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MINIATURIZATION 
in Electromechanical 
assemblies improved 

with 

ADJUSTABLE 

SLIP CLUTCHES 
and precision 

COUPLINGS 
ADJUSTABLE SLIP CLUTCHES 

TYPE ASC- 1, 2 FEATURES: 

• Compact • Lightweight 
• Wide Torque Range 

• Adjustable 

ALI Adjustable SI ip Clutches 
are instrument type clutches used 
to protect components against ex-
cessive or inertia shock loads. These 
units are adjustable over a wide 
torque range without being re-
moved from the system. Range of 
sizes: Type ASC-1 with bores from 
.120" to .250", Torque Range 
2-20 oz. inches, other on special 
order; Type ASC-2 bores from 
.120" to .125", Torque Range 2-8 
oz. inches. 

MINIATURE PRECISION COUPLINGS 

V. 
TYPE MPC-1, 2, IC, 2C FEATURES: 

• No backlash 
• Accommodates Lateral and 

Angular Misalignment 
• Compactness and Lightweight 

Choice of types offer clamping or 
set-screw hubs, nylon or stainless 
steel inserts. Range of bores ac-
cepts shafts from .120" to .250". 
Backlash-free torque capacity of 
type MPC- I 16 oz. inches; Type 
MPC-2 8 oz. inches. 

1 1 For details request data sheet. 

ACTON LABORATORIES, INC. 
subsidiary of 

TECHNOLOGY INSTRUMENT CORP. 
517 Main Street, Acton, Massachusetts 

West Coast Office 

8530 Wilshire Blvd., Beverly Hills, California 
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V-BAND MAGNETRONS 

II- Tube Type 

Frequency 

Rante (MC' 

BL -235 

81-236 

BL-237 

81-221 

51 000-54 000 

54,000-57,000 

57,000-60,000 

69,000-70,500 

mod 

Life — over 700 hours reported 

Peak power available — more than 10 kw. 

(More power than you can get from any other 

device at this frequency) 

Duty cycle — up to 0.001. (For the BL-221, it is 

0.00055) 

Vibration — will survive 10 g's 

Shock — 50 g's at 4 millisec 

Lightweight — 7.25 lbs 

Mounting — mates to modified standard flange 

Ruggedized — Ceramic and metal construction 

Fixed tuned 

New product cz:air4 asadee. Send tor your copy today. 

SAIEM ROAD. BEVERLY, mASSACHU 

ssociates. 

rh'rfr be cesql. dm,eropmfacture of TR. ATO. Pee-TO tubes; shutters; 
reteren, cavities; lorysta protectors: surcos diodes; magnetrons: klystrons; duplexers; 
pressurrirz yyilucuys-, noise ?Aurae tubes; hizh frequency triode oscillators: surge protectors. 

• 



The 
next 
step 
forward 
for 
enterlainment 
equipment 

NEW RCA-6CW4 

mwElgeui 
TV AND FM TUNER 

TRIODE 

Now commercially available for TV and FM tuner designs 
2 to 4 db better NOISE FACTOR than tubes currently in use in TV receivers. 

Superlative Performance—and not just tiny size—is the reason this latest RCA nuvistor 
triode should soon be the preferred rf-amplifier tube in entertainment equipment. 
Nuvistorized TV tuner circuits can make possible excellent reception in fringe areas 
where reception is now unsatisfactory. 

Noise Factor is 2 to 4 db better than that of other tuner tubes in commercial use. In 
addition, this mighty midget provides this unmatched combination of advantages: 

Excellent Signal Power Gain 

High Transconductance PLUS high gm to II, ratio (12500 µmhos at 8 milliamperes 
and 70 volts) 

Very Small Power Requirements: Plate and heater input—each less than 1 watt. PLUS 
ALL THE INHERENT ADVANTAGES OF NUVISTOR DESIGN: exceptional reliability, excellent 
stability, extreme ruggedness, small size, light weight, high unit-to-unit uniformity, 
extreme sensitivity, very high input impedance, and high perveance. The last word in 
entertainment rf-amplifier triodes is nuvistor 6CW4! 

For further information, see your RCA Field Representative—or write to RCA Electron 
Tube Division, Commercial Engineering, Section I-19-DE-5, Harrison, N. J. 

The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 

Heater, for Unipotential Cathode: 

Voltage (AC or DC) 6.3 -± 10% volts 

Current at 6.3 volts 0.13 amp. 

TYPICAL OPERATION 

Plate Voltage 70 volts 

Grid Supply Voltage 0 volts 

Grid Resistor 47000 ohms 

Amplification Factor 68 

Plate Resistance (Approx.) 5440 ohms 

Transconductance 12500 it mhos 

Plate Current 8 ma 

RCA ELECTRON TUBE DIVISION—FIELD OFFICES 

EAST: 744 Broad Street, Newark 2, New Jersey 
HUmboldt 5-3900 
MIDWEST: Suite 1154, Merchandise Mart Plaza, 
Chicago 54, Illinois, WHitehall 4-2900 
WEST: 6355 E. Washington Boulevard, 
Los Angeles 22, California, RAymond 3-8361 




